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ELECTRICITY AS A MOTIVE POWER FOR MACHINE SHOPS. 


WITH SPECIAL REFERENCE TO THE ELECTRICAL EQUIPMENT OF THE WILLIAM R. TRIGG Cox 
RICHMOND, VA. 


WILLIAM BURLINGHAM. 


HE arguments against the in- 
stallation of electric motors for 
machine shops are constantly 
decreasing with the increase of 
the motor systems. For new 
shops the argument against the 
use of electricity is nil. For 
rehabilitating old shops, there 
are naturally many points to 
be considered, the principal of 
which are: Dismantling the 
driving mechanism of old ma- 
chines and installing new mo- 
tors; loss of shafting and ap- 
purtenances, boilers, engines, 
etc. The boiler power neces- 

Sary would then be, only that used for heating the plant. 

To reimburse a firm for so doing, necessitates that the econ- 

omy and improved feed adjustment due to the electric motor 

driven machines must earn a good interest on money lost 


Fig. 1. 


on old installation plus that invested in the new driving 
machinery. The convenience of being able to work one tool 
only, on a hurry job, without being compelled to run the 
entire line of shafting, is one factor of economy. The mo- 
bility of the tools is another especially on light machinery. 

The general impression is that in an electrical installation, 


the only saving factor is that due to the economy caused by 
lack of countershaft and main line shaft friction; by the 
smaller number of men necessary to manage the power plant; 
by getting rid of the condensation of steam in the pipes of a 
large plant supplied from a central boiler installation, and 
by the smaller amount of money invested in power conductors. 
The fact is that the greatest economy is often lost sight of, 
and that is the power of an electrically-driven machine of the 
modern type, if really driven, to save time and therefore 
money by its power of varying the cut to suit the work. The 
latest installations have twelve speeds under control of the 
operator and so it is comparatively easy for him to run his 
cut to the full capacity of the cutting tool. With the ordi- 
nary cone pulley and countershaft drive the best cutting 
speed is as liable to come between the cone speeds as it is to 
come exactly on the cone speed. This is the item in which 
experience in the use of motor-driven tools, has shown in a 
high degree the economical range of the electric motor. 
Another great advantage of the system is its adaptability to 
overtime work. 


wousrara. PRESS a 


Interior of Engine Room of the Virginia Electrical Railway & Development Co., which supplies the Current for the Shops of the Wm. R. Trigg Co. 


How many of us have seen an entire plant of 200 horse 
power in operation, merely to face off a flange or to turn a 
pulley. It can be easily seen that a few such jobs would pay 
for placing motors on all the shop machinery that is liable 
to be used for such purposes. 


The improvement in the daylight illumination of such 
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shops must be seen to be appreciated to its full value, and the 
extra space secured for the use of the cranes in the rapid 
handling of material is another argument in favor of its adop- 
tion. ; 

This is also one of the factors by which the output is in- 
creased unconsciously. 

For the old shops with low ceilings, of which there are 
many in this country, the low countershaft and short belts 
do not allow the machines to be used to their full capacity, 
because of the belt slipping. This may be a small item, it is 
true, but at the present time when competition is so keen, 
all these items count in the cost of the product. It has been 
found from experience that the personnel of the men is im- 
proved and that they are more apt to drive the machines to 
their full capacity. 

The shop is neater and cleaner, there are fewer corners for 
the reception of dirty waste, and tools are not so easily mis- 
laid. Another point seldom brought up is the increased 
floor capacity of a shop, due to the use of these tools. No 
room need be allowed for belt drives, and tools as a result 
can be brought closer together; and because there is no line 
shafting running in a fixed direction, the tools need not be 
located for favoring belt drives, but can be placed fore and 
aft the shops, or crossways, in fact in the direction best 
suited for their intended work, or in the space most con- 
venient. 

In a machine shop or manufacturing establishment of 
ordinary size the power is usually transmitted from one or 
more engines by means of belting, long lengths of line shaft- 
ing and countershafts. The amount of power necessary to 
keep this mass of shafting and belting in motion is a very 
large percentage of the maximum output of the engine, as 
high as 70 per cent at times and an average of 40 per cent 
at least of this total power developed. It is evident that this 
same loss will take place whether the shop is running at its 
maximum or at one-quarter of its rated capacity. 

The electric drive has, of necessity, a loss between the 
engine and the point of application of the power; but as 
electric systems are designed to-day this loss is compara- 
tively small with everything under way—much less than with 
the belt system. It has the added advantage of being lessened 
proportionally as the various machines are cut off, and they 
do not remain a drag upon the generating plant. Such a 
system, therefore, permits of the use of one or more ma- 
chines independently of the others, with a percentage loss 
referred to the machine in use, and not to the maximum out- 
put of the plant. It is also evident that with this great 
frictional loss in the belt drive, the power plant must be, 
on an average, twice as large as its more economical com- 
petitor, the motor drive. Now considering the comparative 
cost of all the elements of each system, we find that the first 
cost of the electric system is not at all expensive compared 
with its opponent, for the following reasons: First, the size 
of the power plant is cut down; secondly, the belts, line and 
countershafts are taken out, and thirdly, the steam pipe sys- 
tem is greatly decreased. Against this we have the addition 
of the generators, motors and wiring. It has been demon- 
strated in several factories that this favorable cost of instal- 
lation of electricity as compared with steam is a fact. When 
we consider this cost, the economy of operation and increase 
in efficiency of cutting tools, the advantages of this system 
become self-evident. 

It is not necessary that there be a large central station 
in the neighborhood as a source for the power, because one 
can generate one’s own electricity cheaper than one can buy 
it in the majority of cases. We are not all located near 
Niagara Falls or the James River. I give a few figures from 
the plant of the Curtis Publishing Company, Philadelphia, 
Pa., from the “Electrical Review.” 

“This plant consists of three Babcock & Wilcox, 250 horse 
power, boilers at 160 pounds steam pressure, with a Green 
economizer of 600 horse power and induced draft. For regu- 
lar work there are three large units of 200 kilowatts, 250 
volts continuous current Westinghouse generators, each driven 
by engines 14144 and 28 inches by 18 inches stroke, tandem 
compound, at a speed of 200 revolutions equal 325 indicated 
horse power. 
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“For night and Sunday work, watchman’s lights, etc., there 
is one small unit 50 kilowatts 250 volts driven by an engine 
11 by 12 inches, 275 revolutions per minute developing 80 
horse power. The exhaust steam is used for heating pur- 
poses, and to keep the back pressure down in the low-pressure 
cylinder, the Webster system is used. The exhaust steam 
passes through a Cropson heater 600 horse power, returning 
to the feed water heater at a temperature of about 170 
degrees F. The cost of running this plant for a month was 
$1,455.53, 41.8 per cent of this being for fixed charges (taxes, 
insurance, interest, depreciation, repairs, etc.). The heating 
cost averaged throughout the year, per month $211.83, leaving 
net cost of $1,244.50. During the month there was delivered 
to the switchboard 83,400 kilowatt hours or 111,510 horse 
power hours. The net cost therefore per kilowatt hour was 
1.49 cent and per horse power hour 1.11 cent. 

“The average price from a central station would be from 
2 to 3 cents per horse power hour. The comparative economy 
of the isolated and central station plant can be easily seen.” 


The Power Plant of the Virginia Electrical Railway and 
Development Co. 

The reasons for the higher prices of the central station 
are due to the fact that it costs them nearly as much to de- 
liver the goods as it does to generate it, while the isolated 
plant has the added advantage of using the exhaust steam 
for heating the buildings. It must be understood that these 
figures refer to complete, up-to-date plants, and not to a 
motor stuck up in solitary grandeur in one corner of a ma- 
chine shop. The machine, boiler, ship fitting shop, in fact the 
entire plant of the shipbuilding firm of the William R. Trigg 
Company, Richmond, Va., is fitted with the latest modern 
types of electric motors. This company do not generate 
their own electricity as they are exceptionally fortunate in 
their situation, their current being supplied to them by the 
Virginia Electrical Railway & Development Company. The 
power house of the Virginia Development Company is 250 
feet long by 112 feet wide. The total available fall of water 
at the power house is 25 feet. The turbines are situated 
in submerged chambers beneath the boiler rooms. 

There is also a complete steam auxiliary for use during 
one month in the year when the river is in flood from the 
spring freshets. The plans provide for 11,000 horse power 
in 11 units. The turbines were made by the Stillwell-Bierce & 
Smith-Vaile Co. They are the regular type of submerged hori- 
zontal turbines 2-51-inch working together making one unit. A 
Lombard water wheel governor is used for controlling them. 
The generators are from the General Electric Co., of the 
heavy railway type, rated at 750 kilowatts each; direct cur- 
rent 500 volts multipolars at 110 revolutions per minute. 
The armature shaft carries an 87,000-pound flywheel, which 
runs with the turbine as well as with the engine. When 
the engines are used, the coupling bolts are withdrawn be- 
tween the turbines and generator and the engine coupled, the 
operation requiring about fifteen minutes. The engines are 
vertical steeple compound, made by Allis-Chalmers, and are 
20 and 40 inches by 42 inches stroke, fitted with Reynolds- 
Corliss valve gear, operated by two eccentrics, the steam and 
exhaust valve being operated by different eccentrics. Their 
best economy is obtained when working at 800 horse power, 
with a maximum capacity of 1,500. 

The main steam line is 14 inches diameter and the exhaust 
line or header is 36 inches, exhausting into a Worthington 
siphon condenser. There are six batteries of Babcock & Wilcox 
boilers of two boilers each, a total of 12 boilers; steam pres- 
sure 150 pounds, 500 horse power each, with a guarantee for 
50 per cent. overloading. The Holly system of draining is 
used for the steam pipes, the water being returned to the 
boilers. The switchboard is built on a gallery about 26 feet 
above the engine room floor. An underground conduit system 
of Edison tubes is used. Those at present laid down in 
the city have a length of about 70,000 feet. 

The capacity of the plant has been extended by the ad- 
dition of a storage battery for use in the lighting system. 
During the morning hours when the demand for current is 
comparatively light, these batteries are charged and drawn 
on later for the evening supply. It was furnished by the 
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Electric Storage Battery Company of Philadelphia. There 
are 280 elements of their latest improved type, installed 
with 140 cells in series on each side of the three-wire system. 
The capacity of the battery at about 70 degrees F., is 180 
amperes for 8 hours, on each side of the system, with a 
maximum pressure at end of discharge of 238 volts. This 
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ceeding and is very well worth the consideration of other 
cities that are similarly situated. 


The Equipment at the William R. Trigg Co.’s Works. 


The plant installed in the machine shop at the works of 
the William R. Trigg Company is the “four-wire multiple 


Fig. 2. A.—36 inch x 25 foot Putnam Lathe, 7.5 H.P. Motor. 


company are also part owners in the Richmond Industrial & 
Development Company, who have constructed a modern fac- 
tory building of brick, in which tenants may rent any space 
they desire, with any amount of power, very suitable for 
small industries or experimental work. This venture is suc- 


B.—Newton Duplex Rod Boring Mill, 7.5 H. P. motor. 
D.—Rotary Transformers and Switchboard, 


C.—Double Angle Shear, 10 H. P. motor. 


voltage system,” as developed by the Crocker-Wheeler Com- 
pany, Ampere, N. J. The ship fitters’ tools, etc., are run by 
constant speed motors, all, with one or two exceptions, of 
the Crocker-Wheeler manufacture. The multiple voltage sys- 
tem works excellently in practice. One man looks after 96 
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motors in addition to his other work. The men easily be- 
come accustomed to the methods of operating the machines 
and express themselves as well pleased with the system. 
claiming that they would never go back to the old belt system 
if they could help it. Their work is under perfect control, 
as they are able to instantly stop the tool at any part of the 
work. The work is turned out quicker, it may be uncon- 
sciously, but the fact remains that less time is taken to do a 
certain job than with the old methods, even with the few 
months’ practice they have had. The method of the electrical 
operation is shown in Fig. 3. 


2-— MAIN LINE 470 VOLTS™———+ 


OVERLOAD 
swe 


IT BRE 


E CIR AKERS 


bee 


BALANCING TRANSFORMER SHOP FEEDERS 


Fig. 3. Plan of Wiring of Four-wire System used at the Wm. R. Trigg Works. 


In one corner of the machine shop is the electrical de- 
partment, which contains the balancing transformer, with 
polished slate switchboards, shown in Fig. 2,D. To this switch- 
board the current is delivered at a difference of potential of 
470 volts. The positive wire leads to an I. T. E. 500 ampere, 


no voltage release breaker, or in other words, a breaker that © 


automatically cuts or breaks the circuit whenever the voltage 
of the main supply ceases. There is also an ordinary breaker 
of the same capacity for the negative wire. The current is 
then conducted to 200-ampere breakers and from them to a 
Crocker-Wheeler cut-off blade starter, the latest type of which 
is shown in Fig. 4. A closing cut-off switch of iron and 


Fig. 4. Crocker-Wheeler Cut-off Blade Starter. 


mica sections completes the circuit through the motor and 
starting resistance. The resistance is then cut out step by 
step by closing the knife blade resistance switches. An in- 
terlocking device prevents the switches from being closed in 
any but the proper order. If the line voltage fails, the cut- 
off switch opens, thus disconnecting the motor from the line, 
which cannot be replaced without opening all the resistance 
switches. From this the current is conducted to each end 
of the set of balancing transformers, one to the 78-volt and 
the other to the 157-volt machine. There are three rotary 
transformers on a common shaft, and they transform to a 
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voltage of 78, 235 and 157 respectively. They run at a com- 
mon speed of 1,100 revolutions per minute. 

From a conductor connecting the 157 and 235-volt and the 
78 and 235-volt transformers, wires are led to a double-pole 
switch. From this switch they are connected to two 150- 
ampere I. T. EB. breakers; and from thence each line leads 
to a pair of 150-ampere breakers. It will be seen from the 
accompanying plan of wiring, Fig. 3, that there are two 
sets of four breakers on the panel board, one above the other, 
one for each side of the machine shop. The combinatien 
of voltage possible is as follows: 


1 Se 
1517 ab 
235 == 235 


78 + 235 = 313 

157 + 235 = 392 

78 +157 + 235 = 470 
This four-wire system extends to each motor in the shop 
through a switch and circuit breaker, the object of the 
breaker being that if the tool should bite or gouge into the 
work and throw a heavy load on the motor, it will immedi- 
ately break connections, saving burning out the armature, 
etc. From this controller, of which Fig. 5 shows a method 
of connections, the current enters the motor on the machine. 
The principle of operation is as follows: On the first notch 
of the controller the motor is thrown into circuit with the 
FORWARD 
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Fig. 5. Connection Diagram of Controller for Reversing Compound Motor. 


78-volt current, and certain constant resistance in the arma- 
ture circuit. The second notch throws out this extra arma- 
ture resistance; the third notch, the 157-volt current with 
the same resistance as at first; at the fourth notch this re- 
sistance is thrown out and so on for twelve notches, giving 
the machinist twelve motor: speeds, and on a lathe that is 
back-geared, this may give him forty or fifty speeds to work 
with, enabling him to find that requisite for any class of 
work. It is not until one has had this variation of speed 
at his command that the economy of it can be appreciated. 
Suitable fuses are, of course, distributed throughout the line, 
but the location of these is more for the electrical than for 
the mechanical end, as our province is to understand the 
general working of the system only. 

The circuit breakers used, I T E, have an adjustment from 
25 per cent. below to 50 per cent above the actual rating, 
and at this actual rating they do not exceed 20 degrees above 
the temperature of the surrounding atmosphere. 

The type of motor used by the William R. Trigg Company 
is that manufactured by the Crocker-Wheeler Co. With these 
machines the full load may be thrown on or off instantly 
without causing any sparking or necessitating any readjust- 
ment of the brushes. They behave similarly when the load 
is raised from one-fourth normal load to 25 per cent over- 
load and they withstand loads 50 per cenit greater than 
rated capacity without appreciable sparking. The rise in 
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temperature is not greater than 40 degrees above surround- 
ing air after a five-hour full load run. An overload of 25 per 
cent can be carried for an hour without increasing this rise 
over 5 degrees and a 50 per cent. overload can be carried 
momentarily. The armature is well ventilated, the commu- 
tator surface large, the field coils well protected and mechani- 
cal parts are amply strong. The field coils are wound 
upon cylindrical heavy insulated bobbins, which are remoy- 
able from the poles by taking off the pole shoes. The arma- 
tures are wound with round wire triple cotton covered and 
the coils are continuous from commutation bar to commuta- 
tion bar. Provision is made for circulation of air in the in- 
terior of the armature and out through the commutation 
connections. The current density of the brushes range from 
20 to 40 amperes per square inch for ordinary carbon and 
for carbon interleaved with gauze as high as 70 or 80 amperes 
per inch. 

The standard belt speed ranges from 2,000 to 4,500 feet per 
minute, depending upon the size of the machine. The num- 
ber of square feet of belt surface per horse power averages 
from 70 to 90 per minute for single belts and 45 to 55 per 
minute for double belts. 

The speeds of the standard load do not vary more than 


STANDARD SPEEDS FOR MOTORS. 


STANDARD Low. STANDARD MODERATE. 


; Weights. 

Horse Power. Saree Volts, Pa Horse Power. epee ee a s 
225 425 28210 170 530 
150 480 12800 125 675 
100 530 6825 90 690 

75 570 6850 60 870 
50 660 4815 45 1000 
385 730 3215 32 1050 
25 780 2825 26 1100 
20 820 1790 20 1250 
15 840 1465 13 1175 
10 880 965 


Weight does not include pulley, base, frame or rails, or 
blade starter. 
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5 per cent. when the load raises from 0 to full load. The 
moderate speed machines give increased output over the same 
size low speed and run nearer the sparking and heating 
limits, but are claimed to run in every way satisfactorily. 

The present installation of motors at the Trigg Company’s 
works is equivalent to 1,152.75 horse power and the present 
mean load with all air compressors running is 3381 horse 
power, or 28.8 per cent of the sum total of motor horse 
power. 

It is proposed to install a new air compressor, 200 horse 
power; 3 Gantry cranes, 75 horse power; a shaving exhaust 
system, 32 horse power, and 2 caisson pumps (25 horse power 
each), 50 horse power. 

From the present figures we can see that only about 30 per 
cent. of the available horse power is in average use. With 
the engine and belt system we could easily use up this amount 
in friction on a 1,500 horse power plant and we would have 
this same amount of friction if we were running a 5 horse 
power machine or the entire system, whereas with the motor 
system the friction is practically proportional to the power 
used. With an isolated plant under ordinary conditions, we 
can probably figure about 1% cent per kilowatt hour, or iallBl 
cent per horse power hour. 

The efficiencies of these motors are as follows: 


lel, 12. Full Load. 3%, Load. 1% Load. Y% Load 
225 93.5 92.5 80.4 84.7 
150 92.1 89.8 86.3 76.5 
100 93.0 92.0 89.6 83.1 
Rb 90.7 89.5 86.5 T.2 
50 90.1 88.5 84.8 74.4 
35 89.5 87.5 83.5 1(6}R: 
25 89.4 87.0 82.5 70.5 
20 88.5 86.7 82.7 71.5 
15 86.5 85.3 1.3 68.3 
10 85.5 85.4 83.0 74.5 


This shows the high efficiency of these machines and the 
small loss due to their employment as an intermediary, com- 
pared with the usual belt pulley and shafting. 

The motors in this shop are either compound series or 
shunt-wound. The diagrams of the windings are given in 
Fig. 8. 
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Chart I. shows the determination of the 
gearing ratios of a 100-inch wheel lathe oper- 
ated by an electric motor cn a multiple volt- 
age system; also the spindle speed of the 
lathe for each gearing ratio and voltage. 

Chart II. shows the proper gearing ratio 
and voltage to obtain a given cutting speed 
with work of a given diameter. Plotted for 
a range of diameters of from 10 inches to 100 
inches on diameters over 30 inches, maximum 
depth of cut and feed. On diameters under 


30 inches, two-thirds maximum depth of cut 
or feed. 

/pebibetae) speeds from 15 to 60 feet per min- 
ute. 

A system of six voltages of relative values, 
oy O,) San Om LZ. 

Controller positions 2, 4, 6, 8, 10, 12, corre- 
sponding to these voltages and controller posi- 
pone 1, 3, 5, 7, 9, 11, intermediate between 

em, 
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A motor, of which the normal speed is 1,000 
R. P. M., capable of supplying at half this 
normal speed the maximum horse power de- 
manded, which is 20 horse power; and capable 
of supplying at one-third this normal speed the 
lesser horse power demanded by lighter cuts 
on diameters under 30 inches, which is 13.3 
horse power. 

Three combinaticns of gearing. 


Fig. 6. Gearing Ratios and Speeds, 100-inch Wheel Lathe. 


(on) 


The charts, Fig. 6, page 5, of the gearing ratios and cut- 
ting speeds ofa 100-inch wheel lathe show the method that 
is used for determining the correct speed ratios and the 
combinations of gears necessary for a certain cutting speed. 
This principle is applicable to all classes of machine tools 
and explains itself. 

: Blectrical Equipment in Ship Fitters’ Shed. 

The ship fitters’ shed of the Trigg Company is fitted up 
entirely with constant speed motors, equipped with double 
pole switch and Cutler-Hammer starters. The operation of 
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& Jones punches, No. 1; one Hilles & Jones punch, No. 0; 
one Hilles & Jones shear, No. 1; one set of straightening 
rolls, 8 rolls 6%4 inches diameter 4 feet long, and one Hilles 
& Jones angle shear, No. 3. 

On the east side there is a Milwaukee motor, shunt-wound, 
type 30 B, 30 horse power, 625 revolutions per minute, 500 
volts (run at 470), 50 amperes. This motor drives a grind- 
stone and six tools, as follows: One 5-foot radial drill; one 
small vertical drill; one rivet making machine, Acme; one 
counterboring machine, Fitchburg Machine Works; one plate 


Fig. 7. 


A.—86-inch Planer, 15 H. P. Motor. 

B.—No. 38 Double Punch, 10 H. P. Motor. 

C.—12-foot Straightening Rolls, 15 H. P. Motor. 
the tools is very satisfactory. There is a line of shafting 
at each side of the shed; the west side driven by a Crocker- 
Wheeler, type D, 15 horse power motor, shunt-wound, 800 revo- 
lutions per minute, 470 volts and 27.5 amperes. This motor, 
as well as that in the east side, is attached to the lower 
chords of the roof trusses, which also hold’the hangers. 

This 15 horse power motor drives a grindstone and seven 

tools, viz.: One Bethlehem rotary shear, “No. 4; two Hilles 


D.—100-inch Wheel Lathe. 

E.— View of the Machine Shop. 

F.—Newton Cold Saw, 5 H. P. Motor. 
planer, side, Hilles & Jones, No. 0, and one set of light bend- 
ing rolls, 18 feet long, Hilles & Jones. 

The other tools are separately driven, each by its own 
motor, viz.: Large bending rolls, Hilles & Jones, 22 feet 2 
inches between heads, diameter of top roll 27 inches and 
diameter of bottom rolls 23 inches; three-roll machine. The 
roll-driving motor is of the C. & W. type, 35 D, compound- 
wound, 35 horse power at 470 volts, 58.5 amperes and 700 
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revolutions. The top roll is lifted by a C. & W. 10 D com- 
pound-wound motor, 10 horse power, 470 volts, 17 amperes 
and 800 revolutions. These motors start very gradually, as 
the resistance of the controller is thrown out and are fully 
up to their work. It would be preferable, however, to have 
the lifting motor series wound. 

The straightening rolls, Hilles & Jones, are 12 inches 
diameter, 6 rolls each, 6 feet long, with a C. & W. compound- 
wound motor, 15 D, and 15 horse power at 470 volts, 27 
amperes, 825 revolutions. The Hilles & Jones double punch, 
No. 3, has a capacity of punching 14% holes or using 14-inch 
shears, C. & W. motor, compound-wound, 10 D, 10 horse 
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rent being led off direct to the external circuit. In a com- 
pound motor system, the shunt and series windings are com- 
bined. There are two sets of coils on the magnets. The 
series coils, consisting of comparatively few turns of wire 
of large section and low resistance, through which all the 
current of the external circuit passes; and the shunt coils, 
of many turns of wire of small section and high resistance, 
through which a small portion of the total current passes. 
With the shunt winding the motors are practically self-regu- 
lating, that is, they maintain a constant counter-electro 
motive force under varying conditions of load. I give the 
working principles of these two types of motors for the rea- 


MOTOR SPECIFICATIONS FOR MACHINES IN SHIP FITTER’S SHED. 


TOooLs. Type Motor. Maker. Winding, Horse Power. Volts. Amperes. “phietitia 
22' Bending Rolls. 
UU hints, Aone Sane 35D Crocker-Wheeler| Compound 35 470 58.5 700 
forer hel? (oes) 10D es Me 10 470 us 880 
12’ Straightening Rolls... 15D ; ue 15 470 27 825 
No. 3 Double Punch...... 10D ff re 10 470 Li 875 
Duplex Planer........ (2) 15D “ a 15 470 27 825 
Double Angle Shear .... 10D ts ne 10 470 17 875 
Noes rutCh.:... 2.5.5 10-I Me se 10 470 18.3 850 
ints oe a vbsts | a ere 10-1 pa ue 10 470 18.3 850 
IND SeEPUCHs, cu.¢ ss. 5F - oe 5 470 8.7 1000 
No23 Hor, Punch..... 7.5F ts Be 7.5 470 13 900 
IN. Y seompressor.’.... 5. : Gen. Electric ot 100 470 175 600 to 690 
Rand Compressor ........ 12-0 Milwaukee gs 120 500 195 580 
No. 6 Sturtevant Blower. Sturtevant nS 12 470 14 1600 
No. 6 Sturtevant Blower. ee es 12 470 14 1600 
West-side Shafting...... 15D C. & W. Shunt 15 470 27.5 800 
East-side Shafting....... B .30 Milwaukee - 30 470 50 625 


A total horse power, exclusive of the Sturtevant Blowers, which are in the Smith Shop, of 416!g. With the compressors 


omitted, there is 1961g for the ship shed tools alone. 


power, 470 volts, 17 amperes and 875 revolutions. The Hilles 
& Jones duplex, or side and butt planer, is 25 feet side and 
8 feet butt, 2-inch plate, two 15 horse power, C. & W. type, 15 
D, compound-wound motors, one for side and one for butt 
planing, each 470 volts, 17 amperes and 875 revolutions. The 
Hilles & Jones double angle shear is 8 x 8 inches, 1 inch 
angle thickness, 10 D, motor 470 volts, 17 amperes, 875 revo- 
lutions. The two Hilles & Jones punches, No. 4, have a 1\%- 
inch punch or 16-inch shears, each of the C. & W. motor type, 
10-I, compound-wound, 470 volts, 18.8 amperes, 850 revolutions, 
10 horse power. 

The Hilles & Jones punch, No. 2, has a %-inch punch, 12- 
inch shears, a C. & W. motor, type 5-F, compound-wound, 470 
volts, 8.7 amperes, 1,000 revolutions, 5 horse power. The 
Hilles & Jones horizontal punch, No. 3, has 12-inch gap, 1 x 1- 
inch punch, a C. & W. motor, com- 
pound-wound, type 7.5-F, 470 volts, 13 
amperes, 900 revolutions, 744 horse 
power. The New York air compressor 
is a General Electric, 100 horse power, 
470 volts, 175 amperes, 600 to 690 
revolutions. Air is delivered at 100 
pounds pressure; capacity, 500 cubic 
feet. The Milwaukee motor has a 


voltage of 470 volts, 195 amperes, 120 ™ eA é Gok 
horse power, 580 revolutions. In the a 5 = a 5 
t SHUNT MOTOR Pee SERIES MOTOR E COMPOUND MOTOR #& & 
smith shop are two No. 6 Sturtevant = = he 
< < Industrial Press, N.Y. . < 


blowers, with 12 horse power Sturte- 

vant motors, 470 volts, 14 amperes 

and 1,600 revolutions. Exclusive of 

the Sturtevant blowers, which are in the smith shop, a total 
H. P. of 41614. With the compressors omitted, there is 196% 
for the ship shed tools alone. 


Shunt and Compound Motors. 


Whereas the ship shed motors are nearly all compound- 
wound, the motors in the machine shop are both shunt and 
compound-wound. Those for the ship shed have a variable 
load with high starting torque and for this it is necessary to 
have the motor compound-wound. When the load is practical- 
ly constant, the shunt-wound motor is the best. In a shunt 
motor system the current is divided, a small portion of the 
total being used only for exciting the magnets, the main cur- 


son that, although familiar enough to the electrical engineer, 
they are not at all so to the mechanical designer or ma- 
chinist, for whom this article is written. 


Experiments to Determine Power Required to Drive Machine 
Tools, 

On page 8 are data derived from experiments on three of 
the machine shop tools, especially prepared for this article. 
The machines were working under ordinary shop conditions 
and the data were gathered during the regular work. A 62- 
inch x 380-foot Putnam lathe, turning a cast-iron cylinder 
head 3614 inches in diameter, of hard cast iron; the tool of 
Sanderson self-hardening steel. A motor, Crocker-Wheeler, 
type 10-I, shunt-wound, 10 horse power, 850 revolutions, 470 
volts, 18.5 amperes. 


Fig. 8. Shunt, Series and Compound Motors. 


The second experiment was with a Woodward & Powell 
planer, 36 inches by 12 feet, of the Crocker-Wheeler motor, 
type 15-I, compound, 15 horse power, 840 revolutions, 470 
volts, 28 amperes. The motor is located near the top of the 
housings, geared to a countershaft, which in turn is belted 
to the driving pulleys. It is instructive to learn that the 
reverse to cut consumed (of course for an instant only) 
from 2.22 to 2.29 times the power required to cut; and the 
reverse to return from 4.95 to 3.59 the power required to re- 
turn; or from 5.11 to 3.86 the power required for cutting. 
There were two tools cutting on cast steel crank webs. 

The third experiment was with a 36-inch x 25-foot Putnam 
lathe, Crocker-Wheeler motor, 7.5 I, shunt-wound, 7.5 horse 
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power, 875 revolutions, 470 volts and 13.5 amperes; cutting 
shaft nickel steel, oil tempered and annealed, with Sanderson 
self-hardening steel tool. 

The fourth and last experiment was with the same lathe, 
36-inch x 25-foot Putnam, cutting nickel steel shaft, cut con- 
stant at 14-inch deep and feed 14-inch per revolution. The 
speed of motor was gradually increased from No. 3 notch to 
No. 11 notch of the controller, representing an increase of 
motor revolutions from 220 to 700 per minute. The results 
are given in the following table and are also plotted in Fig. 10. 
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experiments still further, that correct deductions might be 
made as to the actual power required to cut various metals at 
varying speeds for different types of machines. Those shown 
are hardly sufficient in themselves to determine this data 
with any degree of exactness; still it may complete or add 
to somebody’s information, while they in their turn may ‘sup- 
plement ours. 

As a general deduction it would seem that the tendency is 
to place too large motors upon the machines to the sacrifice 
of efficiency, as they are seldom, if ever, run at their highest 


DATA FROM FIRST EXPERIMENT. 


DepiGat tet ae eee Diam Amperes. Volts. Revo H. P. Watts. 
ih Gigs odo as noose ode 4" os 24 364 3.4 2224 353 1.15 756 
Back gear connected. 
2. Not:Cutting.. tance eer 128 228 694 578 
Back gear connected. 
8... Lighten. se. te rete 1.6 8 49 364 
Back gear disconnected. 
42 CatGineara ae... sie aerate $ er 21 42 221 346 1.07 757 
Back gear connected. 
DOME ere sete nets ere 4 ts at Al 3.65 3104 510 1.52 
Back gear connected. 11385 
Ratio.—Revolutions lathe spindle to motor, 1 to 157. 
Metal removed per hour, No. 1 experiment, 33,8 lbs. 
66 6é 66 66 No. 6é 88.2 6é 
6é 6é 66 6“ No. 5 “6 54.8 6e 
DATA FROM SECOND EXPERIMENT 
Speed 
Pes : Feed. ae are : Reverse rao : Amperes. Volts. Watts. Hee 
per min. 
Reverse to cut.... 15 237 3560 4.77 
‘ Outtime ss. saee coe: 6.75 237 1602 2.15 
1. Cutting, twotools.) 4 ts 17.15 60 423 4 lReverse toreturn.| 384.75 | 286 | 8210 | 11. 
Returming. joc). a 236 1655 2.22 
Reverse to cut.... 16 304 4860 6.52 
: Cutting ype etee 7 304 2160 2.85 
Oe (Cuttime ve. /.0eimrer 4 zs 21.83 68.6 544 Rowsine toueknial 97 304 8310 11. 
Returning........ 5 804 2282 3.06 
Reverse to cut.... 16 238 3810 5.41 
' Cuttin esol .asteo 4.5 238 1072 1.437 
3. Not Cutting....... ey ou 424 4 Reverse toreturn.| 33 938 | 7790 | 10.45 
Returning creer 6.5 236 1536 2.06 
Reverse to cut.... 16 304 4860 6.52 
: Cutting oy ccna. 5 304 1522 2.04 
4. Not Cutting...... Hees 68.6 | 560 4 Reverse to return.| 27 304 | 8150 | 10.95 
Returning.......... 7.5 304 2285 3.06 
DATA FROM THIRD EXPERIMENT. 
Depth'Gub |e eae ot ee ne eee Volts. Bayes H.P Watts. 
Ihe (OOUETNE sa abe Gog oROUK vz er 98 33°5 4 1388.5 2584 748 554 
f Back gears connected. 
Nob Cutting sarccn ost 4.13 1.35 0 300 272 202 
; Back gears connected. 
SS SUAS IG oe diate ale tse tlncrsl ar 4.25 1 308 204 152 
: Back gears disconnected 
Aces CAEL ELE Oats. clavelerafetede tee i: 4 4 93 5.76 5 226 418 1.516 1130 
Back gears connected. 
Be Guten Sap Metals scan cee te 4 93 4.65 Gru 195.5 337 1.76 1310 
; Back gears connected. 
GRE Cable cmicn sms saree ss5 t + 93 3.28 7.3 194 238 129 1418 
; Back gears connected 
Wee OU GEM Oieiete a ais ey ekolai% bore oY 4 4 93 2.71 8 1964 1.256 936 
Back gears connected. 
Con- speeds. It is, of course, best to have motors of ample size, 
troller Depth Revs. but we are so fearful of getting them too small that we err 
ne al amen te vere mee ia Hae on the other side. Necessarily in a shop manufacturing 
Wh i 6.1 156 277 950 1.276 general machinery of all sizes and description, motors for a cer- 
5 yy % 7.6 197 343 1500 2.01 tain lathe must needs be larger than in a shop manufacturing 
6 4 Ye 7.3 213.5 428 1560 2.092 standard engines, etc. In the first case the lathe may be 
; Z 4: ae coe pe aes Bee called upon to turn up work of all diameters, while in the 
9 uy if 8.3 334.5 655 2780 3-73 second instance the diameter of the work will vary within 
10 yy iy eal 375 674 2675 eon the same limits, year in and year out. These factors must 
Ad YY % 8.4 378 700 3180 4.26 he taken into account in designing an economical plant. We 
It is unfortunate that there was not time to carry these hope to have the pleasure of putting before our readers in 
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Fig. 9. 
A.—Motor Drive for No. 7 Betts Boring Mill, 15 H. P. Motor. - E.— 62-inch x 30-feet Putnam Lathe, 10 H. P. Motor. 
B.— Betts 14-inch Slotter, 5 H. P. Motor. F.—No. 4 Punch, 10 H. P. Motor. 
G.—Back View 36-inch Putnam Lathe, 7.5 H. P. Motor. 
H.—51-inch Baush Boring Mill, 7.5 H. P. Motor. 


C.—No. 3 Horizontal Punch, 71-2 H. P. Motor. 
D.—Four 22-foot Bending Rolls—Driving, 35 H. P. Motor; Lifting, 10 H. P. Motor 
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the future a systematic series of experiments of the capacities 
of type machine tools, under varying conditions, with tools of 
varying standard steels. 

The table below gives a list of the principal tools, with 
their motors, as used in the machine shop. 


36” Putnam Lathe. 
Crocker) Wheele|r type 7/5 I Motor. 
470 Volts. Amps. |875 Revs. 


Sanderson Tool |Steel cutting Nickel Steel Shaft. 
Cut A deep, 14 Feed. 
Ratio Speed Motor to Speed Lathe Spindle 


CONTROLLER POINTS 


3 4 5 6 7 8 9 10 ih al Sar S 
| EEEE 
> 


ODD NUMBERS ——CONTROLLER RESISTANCE IN CIRCUIT EF 7 
x 
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Fig. 10. Diagram showing Results from Fourth Experiment. 


Power Required to Drive Shafting. 

A paper read at the International Engineering Congress 
at Glasgow in 1901 by Messrs. James Crighton and W. R. 
Riddel contains some figures that are interesting in connec- 
tion with our desire to learn the amount of friction and power 
necessary to drive line and countershafting. There were two 
main lines of shafting in the case under discussion. At the 
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trial. From these powers it will be seen that the line shaft- 
ing absorbed 29.3 per cent. of the total power; the machine 
and shafting 67 per cent, and that only 33 per cent. was ap- 
plied to the removal of the material by cutting, planing, shap- 
ing, etc. These figures show the large proportion of power 
that is lost in keeping the system in motion and the absolute 
need of individual motor drives; for if but one or two ma- 
chines are being used, this percentage of loss would be much 
greater, as this main line shaft friction is a constant quantity 
whether one machine or the machinery of the entire plant is 
being operated. 

It will be understood that every machine need not be Sep- 
arately driven, as in many cases it is preferable to use the 
group system—that is, the use of a 15 or 20 horse power 
motor, driving several medium or small tools. This necessi- 
tates a short length of line shafting, but the friction is so 
small and the convenience so great that it is by far the best 
way. Another reason is that we have the advantage of the 
better efficiency of the large motor as compared with the 
jesser efficiency of the small ones. The cost is much less 
also, as we have one motor against five or six small ones. 


ne 
EFFECTS OF ALUMINUM ON IRON AND STEEL. 


The effects that small amounts of aluminum have on the 
different forms of iron are of great importance. It was dis- 
covered by Wittenstrom in the 80’s that, if 0.05 to 0.1 per cent 
of aluminum was added to a charge of wrought iron heated 
to pastiness, the iron liquefied so that it could be poured. The 
castings called Mitis castings have properties similar to 
wrought iron, excepting that they lack the fibrous structure. 

In making steel castings, an addition of 0.03 to 0.05 per 
cent. of aluminum has a very beneficial effect in reducing the 
small amounts of iron oxide that are formed, especially in 
pouring. The elimination of oxides makes the steel more 


SPECIFICATIONS OF PRINCIPAL TOOLS, AND THEIR MOTORS. 


MACHINE. Size, Motor. Size. jelanes Revs. Volts Amperesg. Winding 
Cincinnati D, Ho Shapeticcs..<.6 saeeee. 18” C.-W. 31 3 975 470 5.75 Comp. 
Pond: Boring Mill Geer tse faces ere en 10’ C.-W. 20 D 20 775 ATO 36 Shunt 
Newton Slotter;ceckemorn) teen Mes” C.-W. 741 74 875 470 18.5 Comp. 
BaushgRadial Drill ee nce. occ eneme No. 6 C.-W. 5 I 5 950 470 OWA Shunt 
Radial Drill ee Aaeamsacccrics ae Sore nee 5! C.-W. 51 5 950 470 9.4 Shunt 
Newton Slottersiten. a. - co so.nee a oeeamen 14” C.- W. ak 5 950 470 9.4 Comp. 
Woodward & Powell Planer............. 36” x 12’ C.-W. 15 I 15 840 470 28 Comp. 
i ns Oa ease ers ci: 36” x 12’ C.-W. 15 I 15 840 470 28 Comp. 
es et io eR ar erage a. caters 36" x 16’ C -W. 15 I 15 840 470 28 Comp. 
Gray (Planer e500 eee ake sae eeen Poe 86 6x06! ex 1215) Ci W 20 I 20 775 470 36 Comp. 
Woodward & Powell Pianer..... ..... SOLS X OU ink Obs we ae et: 10 I 10 850 470 18.5 Comp. 
Mitts & Merrill Keyseater............ : No. 5 C.-W. 3 I 3 975 470 5.75 Comp. 
Newton CokdSawermtc, © 6 os5s nse ae mean eee C.-W. 5-I 5 950 470 i) A Comp. 
Newton Floor Boring Machine......... No. 1 C.-W. (ey ll 7.5 875 470 13.5 Shunt 
Newton Duplex Rod Boring Mill....... |  ...... C.-W. 1 il 950 470 2 Series 
0 ade aR URERE aedle Seton e o Giaier otras sae chav ace tare ete econ MME cue gee C.-W. Geol AeO) 875 470 13.5 Shunt 
Shattieathe cea. now metia mate Jeleteies 38" x 44’ C.-W. Veoul 7.5 875 470 13.5 Shunt 
Newton Duplex Boring Machine..... tal, a eden C.-W. (ees 7.5 875 470 13.5 Shunt 
Niles Horizontal Boring Machine....... |: ...... C.-W. 15 D 15 800 470 28 Shunt 
Duplex Milling Machine, Newton....... No. 4 C.-W. 10 I 10 850 470 18.5 Shunt 
DoubleheadiShapermacsme ec scees ee on C.-W. 3 1 3 975 470 5.75 Comp. 
Betts Boring. Mill... iseeiee a ieee ee i C.-W. ice: ly 1200 470 itiek Series 
‘ ig Oe sits nieve eeyeeia aagiacete ie C.-W. 15 D 15 800 470 28 Shunt 
Betts: Slotier., Seat sccs oor eceenae 10” C.-W. 3 1 3 975 470 5.75 Comp 
BausheBorine svat rr eee 51" C.-W. eon 7.5 875 470 13.5 Shunt 
Acme. BoltiC utters. 1s. wiccee cee No. 1 C.-W. Gp std) Al (hen) 875 470 13.5 Shunt 
Planeneep else ok, wale eto eee anak eee 42” x 42" x 20'| C.-W. 15 I 15 840 470 28 Shunt 
Dallettica ComPortable Deck Planer er alia metro ena ements see Neue 5 Say 470 yn ees Ns ales 
Pubnamy Lathoras cass nhsecese «uae: 62" x 80’ C.-W. 10 I 10 850 470 18.5 Shunt 
ns fh eee Beciiels pafst aah (ate, SINS ae eRe BO! RHO en eete sone %.oL 7.5 875 470 13.5 Shunt 
IMoyS IBLO MUA ONY SMOEVUH ISHAM oo ondoacooce || ~ oondsicc C.-W. 74 1 5 925 470 9.3 Comp. 


first trial, only the line shafting and loose pulleys were run. 
The machines and countershafts were run along with the 
shafting at the second trial and the final trial was made with 
the machines cutting at their normal rate. The average 
diameter of shafting was 314 inches; the average number of 
revolutions 140 to 150; the bearings were of white metal, self- 
oiling. The machine was 12 feet between centers. The total 
length of shafting in the works was 2,300 feet and its weight 
37.42 tons of 2,240 pounds. 

The engine indicated 61.75 I. H. P. on the first trial; 141 
i He Peon themsecond athialwandins LOM Irie le: on the third 


tough, and by preventing the oxides from oxidizing some of 
the carbon of the steel, it hinders the evolution of carbon 
monoxide, which, stirring up the steel, causes the expulsion 
of occluded gases. It thus diminishes, if it does not prevent, 
the formation of blow-holes. 

The effect of 0.01 to 0.05 per cent. of aluminum upon cast 
iron is to convert some of the combined carbon into graphitic 
carbon. It is mentioned here in connection with wrought iron 
and steel as the third form of industrial iron. A satisfactory 
explanation has so far not been offered—F. O. Hofman in 
Technology Quarterly. 
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STEEL AND ITS TREATMENT.—1. 


HEATING FOR HARDENING. 
E. R. MarKHAM. 


If men engaged in the different branches of shop work 
would perfect themselves in their particular lines, and in 
this way convince those who employ them that they are pro- 
ficient workmen, they would, by so doing, make themselves 
indispensable. 

“But,” said one young man to whom I was talking about 
taking up a course of evening study, “I work hard all day 
and I don’t care to study all night. When I get out at six 
o’clock I want a little recreation; so I go down town with 
the boys. I shan’t be young but once you ETON Ace ae CON 
him he would be old once, and asked him to seriously con- 
sider this fact and that the money he spent evenings with 
the boys would purchase the necessary books to study; or 
would pay for a course of study in some correspondence 
school. His answer was: “I never spend more than 10 or 
15 cents of an evening, and that is little enough. Why, Smith 
spends from 25 to 50 cents every night, and I could tell you 
of lots of boys in our crowd who spend more than that.” And 
he tries to justify his own actions by mentioning others worse 
than himself. 

An experience of years in charge of large numbers of men 
has convinced me that it is not of much use to talk to the 
“old fellows” whose habits are fixed. I wish to say a few 
words to the young man just starting to learn the trade that is 
to fit him to fight life’s battle; and to the man—be he young 
or middle aged—who has an ambition to be somebody, and 
realizes that he depends on his own efforts to reach the goal. 
And by the way, when it is apparent that a man is trying to 
help himself, some one is generally found who will take an 
interest in him and try to help him. I hear young men say: 
“What is the use of studying and working every minute try- 
ing to reach the top of the ladder? If everyone did that, the 
top wouldn’t be large enough to hold them all.” As long as 
a great proportion of our young men feel and talk that way, 
however, there is no great danger that the top rounds of the 
ladder will be seriously affected by the weight they have to 
sustain. And the chances are good for the man who is will- 
ing to sacrifice a little time each week in order to broaden his 
mind and learn things that will be of benefit to him in tite 
future. 

At the present time when libraries are accessible to nearly 
everyone, and when books and mechanical journals treating 
on nearly every branch of the machine business can be ob- 
tained so cheaply, there is really no excuse for the man who 
does not better his condition. And in no branch of machine 
shop work is there a greater field for study and advancement 
than in that of hardening and tempering steel. 

The past twenty-five years has witnessed great changes in 
the designing of machinery. Lathes, planers and milling ma- 
chines have been changed not only in design but by the addi- 
lion of metal to so strengthen them that heavier cuts can be 
taken and faster feeds used than were dreamed of thirty years 
ago. Now in order to have these machines do the maximum 
amount of work it has been necessary to make stronger and 
heavier fixtures. Cutting tools have also been changed and 
made much stronger. But if these tools are to do the amount 
of work the machines are capable of producing, it is very 
essential that they be hardened properly. I am convinced 
that very few manufacturers realize the amount of money lost 
in their establishments every month because cutting tools 
are not properly hardened, and are thus incapable of turning 
out as much work as they otherwise might. Some manu- 
facturers are looking for men who can do this class of work 
in a satisfactory manner; and their number will increase as 
they realize the enormous leak through this one source, and 
the demand for competent hardeners will be greater than the 
supply. 

In order to become a successful hardener, one must under- 
stand the characteristics and the nature and peculiarities of 
steel. These can best be learned by an intelligent study of 
works treating on these subjects. Tool steel is manufactured 
with the idea in view that it is to be used to make tools that 
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must be hardened in order to do the work expected of them. 
All makes of tool steel are not adapted to the same class of 
tools. Many times a mistake is made in buying steel, say, 
to make fine-edge tools, because some one had good success 
with this particular make when using it for railroad track 
chisels. As the man using the steel has very little to say 
about the buying of it, I shall not say what particular brand 
of steel is best for this or that purpose; but I shall endeavor 
to give the reader such advice as should enable him with a 
little practice to get good results from almost any make of 
steel. 

Any tool steel commonly used in machine shop work has a 
surface which is somewhat decarbonized from the action of 
the oxygen in the air acting on the carbon near the surface 
of the bar, during the various processes through which it 
goes, in the rolling mill and forge shop. Consequently it is 
necessary to select steel enough larger than finish size of 
the tool to be made, to allow of the removal of sufficient stock 
to get below this portion, or the piece when hardened will 
have a soft surface. Or if not soft the surface will not be 
as hard as the balance of the piece. When centering tool 
steel it is necessary to have the centerpunch mark in the 
center of the piece, as indicated in Fig. 1. If centered as 
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Fig. 1. Fig. 2. Fig. 3. 


shown in Fig. 2 a larger portion of the decarbonized surface 
will be removed at a than at b. As a result the side from 
which the greater amount of stock was removed will be the 
hardest; and as steel contracts when hardening, if one side is 
harder than the opposite side, the contraction of the two op- 
posite sides will be unequal, consequently the piece must 
spring. 

Every man and boy working in a machine shop knows that 
tool steel is hardened by heating until red hot and then 
plunging in some cooling bath. But a great many are not 
thoroughly posted as to the best methods of procedure to 
get the best results. In order to heat steel properly one must 
understand the peculiarities of the particular steel he is using. 
All steels are not affected alike by the action of heat. Some 
makes of steel will harden at an extremely low red heat, 
and give the best results if heated in this manner; while 
others require a higher heat in order to harden at all. One 
brand of steel I have in mind gives excellent results if heated 
for hardening in some manner that excludes the air from the 
steel; but if a tool which cannot be ground on its outer sur- 
face—as a tap or formed milling cutter—be made of this 
steel and exposed to the action of the air when heating, the 
surface carbon will be given off to such an extent that the 
outer surface will be soft, rendering the tool unfit for use. 
Yet these same tools if heated in a muffler furnace, or in a 
piece of gas pipe, or tube, in the open fire would be very satis- 
iactory. In fact, any steel is better if heated for hardening as 
described above; but all steels are not so sensitive to the ac- 
tion of the air as the one mentioned. 

I remember having in my employ in a large tool room at 
one time, a young man who, when he had a tool to make 
whose shape betokened trouble in hardening, would ask per- 
mission to harden the tool himself. This privilege was al- 
ways granted, as he showed a desire to learn. While the ma- 
chine at which he was working was running, he would cut a 
thin piece of steel from the end of the bar from which he had 
cut the piece for the tool. This he would heat in a fur- 
nace in the tool room and then harden, being very care- 
ful in heating not to get it any hotter than was necessary, 
according to his judgment. After drying thoroughly he would 
examine it for hardness. If he considered it hard enough he 
would break it and examine the fracture. 

He would then bring it to me and tell me his opinion of 
the steel and of his heat, asking me to give him any informa- 
tion possible on the subject. Is it necessary for me to say 
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that to-day that young man is holding a responsible position 
in a large manufacturing establishment? The desire he had 
to know the whys and wherefores of every job he had any- 
thing to do with, gave him an impetus to study and work, 
and it was a positive pleasure to give him any information 
possible. 

But to return to the heating of steel for hardening. Al- 
though steel should never be given a higher heat than is 
necessary to produce a desired result, an uneven heat is much 
more detrimental to steel than an even heat which is a trifle 
too high. In order to get good results when hardening, the 
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piece must be heated uniformly throughout, the corners and 
edges must» not be hotter than the center, and the interior 
of the piece must be of the same temperature as the outside; 
otherwise the piece will be almost sure to crack when dipped 
in the hardening bath. If a piece of steel is heated hotter 
than is advisable for hardening—yet not hot enough to burn 
it—lay it one side, and allow it to cool. Then it may be re- 
heated to the proper temperature and plunged in the bath. 
The effect of a high heat is to open the grain of the steel, 
making it porous. In this condition it is very brittle, and 
on account of the separation of the atoms that go to make up 
the piece of steel, it will be incapable of doing the amount of 
work it would if the grain were compact, as the minute holes 
or pores between the atoms of steel allow the surface of the 
tool to break away. The reheating of the piece has the effect 
of closing the pores and of making the grain compact, thereby 
furnishing a solid backing for the cutting edge. 

A method that is wrong, but nevertheless often adopted by 
shop men when a tool is heated too high, is to allow it to cool 
in the air until it appears “about right” and then to dip it. 
The grain is then as open as if dipped at the high heat, and 
the unequal heat—too hot inside and cooler at the surface— 
would cause unequal contraction of the outer and inner por- 
tions of the piece, thereby causing it to crack. It is wnequal 
contraction when cooling that causes a tool of the shape 
shown in Fig. 3 to crack at the shoulder when hardened. 
Heat has the effect of expanding steel, while cooling con- 
tracts it. A piece of steel which is expanded by heating, if 
suddenly cooled (and thereby contracted) is subjected to 
a very great strain. Now if one portion of Fig. 2, as a, is 
smaller than Db, then a will, of course, contract faster than 0D. 
And if a@ hardens way into the corner or to the shoulder be- 
fore the larger portion was through contracting a crack must 
be the result. This would be especially true if the two diam- 
eters were unevenly heated. But the larger shoulder contain- 
ing more heat than the smaller diameter communicates its 
heat to the corner, keeping that from cooling as rapidly as 
the balance of the smaller portion and preventing cracking 
at that point. Uneven heating is probably the cause of more 
steel being ruined than any other one thing. While it is ad- 
visable to heat steel as quickly as possible consistent with 
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uniform heating, yet it should never be heated so fast as to 
produce uneven heats. 

It is, of course, very desirable to have in a hardening room 
the best equipment obtainable. Generally speaking, how- 
ever, men are obliged to use the equipment furnished by the 
concern employing them. Everything being equal, a man 
having access to a good muffler gas furnace, and the most ap- 
proved baths can do better work than one who is obliged to 
use an ordinary blacksmiths’ forge having a leaky tuyere, 
and whose only bath is a greasy pail filled with water of an 
uncertain quality. Yet it is a fact that the successful men in 


Fig. 5. 
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Fig. 6. 


our shops are men who make the best of conditions as they 
find them. Now, if a man finds the conditions as stated, he 
can build a large, high fire, and by placing the article to be 
hardened in a piece of pipe or other receptacle, so that the 
fire and air from the blast cannot strike it, he can by fre- 
quently turning and moving the piece, get a very uniform 
heat. He can also empty the pail, wash it out and fill it 
with clear water. Years ago I was making tools in a small 
shop that had just been started, where there was no furnace 
of any description and no means of heating a piece of steel. 
I made six sets of small form milling cutters. The proprietor 
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Fig. 7. 


proposed sending them to a blacksmith to be hardened, but 
I asked the privilege of hardening them, which he granted. 
I took them home, and heated them in the kitchen range, put- 
ting them one at a time in a small iron box I had in the house. 
I placed about 14 inch of powdered charcoal in the box be- 
fore putting in the cutter and while the cutter was heating 
I covered the box with a piece of sheet iron. When the cutter 
had reached an even low red heat, I took it from the box with 
a hook and plunged it in a pail of water containing a small 
quantity of salt. After hardening the entire lot they were 
brightened and the temper drawn. In order to do this I in- 
verted the box in the fire, placed the cutters on the bottom of 
the box, and by frequently turning them I got a very satis- 
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factory temper, as they were not very thick. I mention this 
incident to show that under trying circumstances a man may, 
by using his wits, do a very satisfactory job. Although I 
have since then hardened many pieces worth hundreds of 
dollars each, I do not think I have ever done a job of harden- 
ing that was a source of greater pride than those milling 
cutters, hardened under the difficulties mentioned. 

The heating of steel is very important and a great deal de- 
pends on the facilities for doing a good job in a reasonable 
amount of time. There are several forms of hardening fur- 
naces in the market which give excellent results. Figs. 4 
and 5 show two kinds using illuminating gas as fuel, which 
are both of the form known as muffler furnaces, because the 
work is heated in an oven, or muffler. The flame circulating 
around the muffler does not come in contact with the steel 
and one obtains much better results than if the work were ex- 
posed to the action of the products of combustion in the fire. 
But if so situated that one cannot have a furnace of the 
kind shown, it is possible to make one that will do excellent 
work. Still I doubt the economy of making one when it may 
be bought so cheaply of some reliable maker. 

If the gas rates are reasonable in the city in which the 
shop is located, a gas hardening furnace will be found the 
cheapest form to use. They are certainly the most satis- 
factory. But if the gas rates are so high as to make this 
sort of furnace impracticable, a very excellent form of coal- 
burning furnace, of the form shown in Fig. 6, may be pro- 
cured, or one as shown in Fig. 7 may be used. This furnace 
will burn either charcoal or hard coal. It consists of a fire- 
box a and a muffler Bb, the flame and heat passing up the side 
and across the top of the muffler in the direction of the arrow. 
It then passes down the opposite side of the muffler to the 
smoke pipe c. The grate d should be made of a form that al- 
lows of the easy removal of clinkers and ashes. The ash box 
e should be provided with a door having draft holes, which 
may be closed or opened to furnish the desired amount of 
draft. There should also be a damper in the smoke pipe in 
order that the draft may be checked at will. The muffler 
should have a door, through which should be drilled one or 
two holes. These should be covered with isinglass, in order 
to exclude the outside air, yet furnish a means whereby the 
condition of the work may be seen when the door is shut. 

It should be borne in mind that it is not advisable to heat 
tool steel in an ordinary coal fire unless some means is pro- 
vided whereby the fire will not come in contact with the steel, 
as the sulphur in the coal has a very injurious effect on the 
steel. In the furnace described above, the work being in the 
muffler is entirely removed from the action of the fire, the 
heating being done by radiation. 

A piece of tool steel that is to be hardened should never be 
straightened cold. If the piece is bent too much to turn out 
and allow of removing all the decarbonized portion at all 
points, it should be brought to a red heat and straightened. 
If a piece of stock should spring in annealing it should not 
be straightened cold, that is, if it is to be hardened afterward. 

When making costly tools from a bar of steel that has 
not been tested, it is advisable to cut a small piece of stock 
from the bar, heat it very carefully, dip in the bath, and then 
test it with a file for hardness.. After drying thoroughly 
it should be broken as nearly across the center as possible, 
the grain examined, and by aid of a magnifying glass it should 
be examined also for traces of piping. If the steel is piped 
the bar should be returned to the steel mill before there is any 
chance of an expensive tool being made from it. 

“A pipe,’ according to Metcalf, “is the cavity formed in 
an ingot when it cools; the walls chill first and nearly to the 
full size of the mold, then the shrinking mass separates in the 
middle, forming a pipe. A pipe should be at the top of the 
ingot; it may occur anywhere by bad teeming. This cavity, 
or pipe, may extend through the entire length of the bar, 
rendering it unfit for general use. A make of steel should 
not be condemned, however, because a bar containing a 
pipe is discovered. This is liable to happen to any steel. It 
is closely inspected at the mill, but sometimes escapes even 
the closest inspection, and the steel maker will willingly re- 
place the piped steel with a sound bar. 
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BLANKING DIES. 


MAKING AND USING “DOUBLE” OR PIERCING AND 
BLANKING DIES. 


JOSEPH V. WOODWORTH. 


When ordering steel for dies, annealed steel should be 
specified, as the saving of time and labor and the superior 
results that will be obtained in hardening and tempering the 
finished tools will be a source of gratification to the die- 
maker. When these results are taken into account the slight 
extra cost of annealed steel is insignificant. As to the grade 
or brand of steel to use, be sure to get a good grade, and as 
there are several brands of steel on the market which are 
used principally for dies, no difficulty should be experienced 
in procuring a grade which will prove suitable for any special 
class of work. When steel forgings are required the job 
should be given to a smith who understands this branch 
of his art, for, in order that the forgings shall machine well 
and be hardened and tempered so that the finished tools will 
work satisfactorily, the smith must understand such work, 


Die Block or Bolster. 

Before taking up the description of the die we will devote 
a short space to the die block or bolster. Although these 
bolsters are made in a variety of shapes and sizes, the one 
shown in Fig. 1 is of the type most generally used for fasten- 
ing and locating the class of dies indicated, while in Fig. 2 
are shown a number of other styles used for dies of the same 
class. A large number of shops make a bolster for each die, 
so as to leave the tool permanently within it, but for economy, 
where dies for producing blanks of an average shape and 
size are used, two or three are all that are required. 
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Fig. 1. Bolster for Holding the Die. 


In machining the bolster a cut should first be taken off 
the bottom and then the face planed dovetail to an angle of 
10 degrees, this being a standard among diemakers. The 
slots OC, Fig. 1, are cast in width sufficient to allow of clear- 
ance sideways for the fastening bolts, with which it is after- 
ward secured to the press bolster. The hole D, in the center, 
should be made large enough for the largest blank—from the 
set of dies which are to be used in this bolster—to drop 
through after being punched. 


Double Punch and Die. 

In Figs. 3, 4 and 5 are shown a double punch and die used 
for the production of blanks like Fig. 6. The punch and die 
consist of the following parts: The punch holder or stem ‘As 
Fig. 4, of cast iron, the punch plate or pad B of mild steel, 
the blanking punch C of tool steel, the piercing punches D 
of the same, the stripper and gage plate H, the die F' of tool 
steel and the pilot pin G. The shape of the piece to be pro- 
duced in a die of this type may be any circular or irregular 
shape desired, as the method of construction here described 
is applicable to all, excepting when the blank to be produced 
is very large in size or when the metal punched is very thick. 
Fig. 8 shows different shaped blanks produced in dies of 
the above construction. 

As most presses in which punches and dies of this class 
are used require a punch-holder with a round stem, one of 
this sort is here shown. When machining the holder great 
care must be taken to get the working surfaces square with 
the stem; also the faces of the punch plate and stripper plate 
must be perfectly parallel. When planing the die no great 
care is required, as it has to be ground after hardening. It 
should be finished with beveled sides to fit the bolster, with 
the edges of the face smooth, so as to have a square edge 
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from which to lay out the die. Lay the punch plate, punch- 
holder and stripper plate aside, as they will not be touched 
until the die proper has been finished. 


The Use of Templets. 


Now in order to lay out the die a templet or master blank 
is required. It should be made from sheet steel about 3-32 
inch thick, and should be filed and finished all over to the 
exact shape of the blank and be the size required. The two 
holes should then be laid out in the exact location desired, 
and then drilled and reamed to size. Care and accuracy in 
the preparation of the templet are necessary, as the quality 
of. the work to be produced depends on it. Now take a piece 
of, say, 4%-inch brass rod about 2 inches long and solder one 
end of it to the back of the templet as shown in Fig. 6. The 
templet is now complete and there is no possibility of getting 
the wrong side up. 

Take a piece of soft sheet brass, of the same thickness as 
the male templet, and bend it to the shape shown in Fig. 7; 
that is, to fit across and over the face of the die, with the 
bent ends projecting down the inclined sides of the die about 
5-16 inch. This is the female templet, and it should be worked 
out in the center to fit the male templet. After this has been 
done the face of the die should be polished with rough emery 
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in which it is not necessary to finish the insides smoothly; 
but there are a greater number in which the finish of blanks 
with smooth sides is one of the objects sought. In dies for 
producing smooth and well-finished blanks the insides should 
be finished highly, either with a dead smooth file or a scraper. 

In giving clearance to a die a few things must be considered 
in order to decide upon the proper amount to give. For a 
die which will only be used to produce a few thousand blanks 
excessive clearance should be given, say, 5 degrees, as this 
will allow of the die being finished quickly. In dies which 
are required to produce large quantities of blanks, and in 
which the blanks produced are desired to be approximately 
the same shape and size, 1 degree is plenty. As the die will 
have 1 degree of clearance all the way through, the holes 
drilled in the process cf removing the stock should be 
reamed from the back with a reamer tapered to from about 
1-82 inch to 1 inch of length. The reaming of the holes when 
constructing a blanking die will save a vast amount of filing, 
and the giving of the 1 degree of clearance will not be difficult. 

The next step in the construction of the die is the locating 
of the two piercing holes. To accomplish this, place the male 


templet within the female and clamp it to the face of the 
die in the correct position, allowing for a thickness of metal 
Now take a center drill which fits the 


between the blanks. 
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Fig. 2. Different Types of Bolsters. 


cloth and “blue-stoned,’ the female templet placed upon it, 
in the proper position, and an outline of the blank marked 
through it on the face of the die with a sharp scriber. Now 
remove the templet and proceed to finish the blanking die, 
which is accomplished by working the blank through it. 

To work a templet through a die proceed as follows: After 
the surplus stock has been removed by drilling holes about 1-32 
inch apart around the inside of the outline and then drifting it 
out, file through from the back to within a shade of the line. 
Now take the male templet and, holding it by the end of the 
brass rod, enter it into the die from the back, holding it as 
parallel as possible with the face of the die. By holding 
a piece of white paper in front of the die it will be seen that 
the die touches the templet at only a few narrow spots. Take 
a lead pencil and mark these spots, making a line at each 
spot as long as the surface touched. Now remove the templet 
and file where the marks appear. Keep inserting the templet, 
marking the spots, and filing them away, and in a surprising- 
ly short time the templet will be at the top of the die, which 
will then be the exact shape and size desired, fitting the tem- 
plet perfectly. 

Clearance. 

There are a great many dies of this type used (for blank- 

ing out stock which is not required to have smooth sides) 


Figs. 3 to 8. Double Punch and Die, Templets and Characteristic Blanks. 


holes in the male templet and transfer the two holes through 
it to the face of the die. Drill these holes and then ream 
them from the back with a reamer of the same taper as the 
one used for the blanking die. After the holes for the dowel 
pins and screws, with which the stripper and gage plate are 
to be located and fastened on the die face, have been drilled 
and tapped and the hole for the stop pin located and drilled 
the die is ready to be hardened and tempered. 


Hardening a Blanking Die. 


In order to harden a blanking die properly great care should 
be taken, first, in the heating of the steel, and, second, in 
the quenching. In all shops where dies or other tools that 
require hardening are constructed a gas furnace or “muffler” 
should be used for heating them. But when a “muffler” is not 
handy charcoal should be used. After a good clean fire has 
been built all screw and dowel holes should be plugged with 
fire clay or asbestos. By taking these precautions the ten- 
dency of the steel to crack around the holes is, as far as pos- 
sible, eliminated. The steel is now heated to an even cherry 
red, so that the entire surface will be the same heat. Then 
it is removed from the fire and dipped straight down, end- 
wise, into the water, which should first be warmed slightly to 
take off the chill. Care should be taken to dip straight and 
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not to move it or shake it around, as that will increase the 
possibility of the die warping or shrinking excessively. After 
removing the die from the water it should be immediately 
warmed. Now grind the face of the die, heat a piece of heavy 
cast iron red hot, place the die upon it, and it can then be 
drawn evenly to the temper desired. By taking a piece of 
oily waste and wiping the face of the die as it is heating 
the different colors will show up clearly. When the color 
denoting the temper required appears remove the die and 
allow it to cool off slowly. 


Finishing the Punch. 

Now for the blanking punch. Take the blank, or male 
templet, remove the wire rod and mark the spot where it was 
attached so as to know the back from the front of the blank. 
Then solder the blank, front out, to one end of the piece of 
steel which is to be used for the blanking punch. The punch 
can now be machined, either in the shaper or in the milling 
machine, so that its entire length will be the shape of the 
blank, finishing it as close to the edges of the templet as 
possible. Now heat the punch slightly and the templet will 
drop off. Clean the blank, lay it aside, and proceed to fit 
the punch. If it is to punch very thin stock make it a tight 
fit within the die; if for heavy stock, a trifle loose. In order 
to make a punch a perfect fit, so as to punch thin stock 
cleanly, the edges of the cutting face should be beveled with 
a file and the punch should then be sheared through the die 
in the press, in much the same manner as a broach is used, 
being careful to have it in perfect alignment with the die. 
This shearing of the punch should’ be accomplished pro- 
gressively, first forcing it in about 4 inch, then removing 
it and filing away the curled up metal, and repeating this 
until the punch has been forced completely through the die. 
While doing this use plenty of oil on the parts. 

Before hardening the punch—that is, if it is to produce 
accurate work, for in most cases it should be left soft—it is 
necessary to locate the holes for the pilot pins G. These pins 
are necessary in order to produce pierced blanks that will 
be interchangeable. Take the male templet and enter it into 
the die from the back, with the front up. It will fit the die 
tightly because of the shrinkage in hardening. Now enter 
the blanking punch from the top and locate the holes for the 
pilot pins through the holes in the blank with the same center 
drill used for locating the piercing dies. Drill the holes to 
size and then harden and draw the punch to the temper 
desired, which in most cases should be a dark blue. In 
tempering the punch draw it from the back, allowing the 
temper to run out to the face, and thus the back will be soft 
while the remainder will be as hard as required. The draw- 
ing of the punch so that the back will be soft is done to 
strengthen it and also to allow of upsetting it when locating 
it within the punch plate. 

Aligning the Parts. 

To locate the blanking punch in the punch plate, take the 
plate and clamp it true on the face of the die and then 
transfer the outline of the blanking die to the punch face. 
Then work a hole of the shape of this outline through the 
plate so that the punch can be entered face first through 
from the back. Place both punch and punch plate under 
the ram of the press, set the punch dead square with the 
face of the pad and proceed to force it through, using the 
punch as a broach to finish the hole. It will be found neces- 
sary to repeat this operation several times in order to get the 
punch through the plate, as the surplus stock curled up by 
the punch will have to be removed. After having forced 
the punch into the pad until the face is through, force it back 
and out again. Now chamfer the edges of the hole at the 
back of the plate and force the punch in again, ‘until the 
back is a shade above the plate; then upset or rivet as shown 
and finish flat with the plate, and there will be no danger 
of the punch pulling out when in action. 

To locate the holes for the piercing punches, enter the 
blanking punch into the die until the faces of the punch 
plate and the die are within 3-16 inch of each other, with a 
pair of parallels between them. Then use the die as a jig 
and locate holes for the piercing punches, spotting these 
deeply. With a drill about two sizes smaller than the piercing 
dies, drill entirely through the punch plate and then ream 
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the holes to size. Use the die as a jig for all three opera- 
tions. For the two piercing punches use drill rod or Stubbs 
wire and upset the heads before hardening, as all small 
piercing punches should be hardened for their entire length, 
otherwise they will bend or break when passing through the 
stock. If, after hardening, the punches are found to have 
sprung, they must be carefully straightened before forcing 
them into the punch plate. Fasten the punch plate to the 
cast-iron holder A with four flat-head screws, as shown in 
Fig. 4. 

All holes for screws and dowels in the stripper plate should 
be transferred through the die. The holes for the two pierc- 
ing punches should be the same size as the dies, and must 
be transferred, drilled and reamed through the dies after 
the plate has been located and fastened. By having the 
piercing punches fit tightly within the stripper they will be 
strengthened and supported while piercing the metal. The 
hole for the blanking punch may be a loose fit for the punch. 
After the gage plates and stripper have been located and 
fastened upon the die, as shown, with the stop pin located 
so that its locating face is the same distance from the edge 
of the blanking die as the width of surplus stock allowed 
between the blanks, the die will be complete. 

The practical points to be kept in mind when constructing 
a die of the above type are: Be sure to make an accurate 
pair of templets. Machine the punch-holder, the pad and 
stripper plate accurately. Work the blank through the die 
and use it in locating all the holes for pilot pins and piercing 
dies. Finish the die before starting on any of the other 
parts. Transfer all holes in the punch plate through the 
die, and, lastly, be sure to have the front of the male templet 
up during all operations in which it is used. By keeping 
these practical points in mind you will have a punch and 
die in which the alignment between all parts will be perfect. 


Setting the Die and Using it. 

To operate the die drive it into the die block or bolster, 
Fig. 1, and then set it up in the press. The proper way to 
set a die of this kind is to first place the punch within the 
ram of the press and fasten it there. The punch should then 
be brought down until its face is within 3-16 inch of the die 
face. Then, using the left hand through the press bolster, the 
die should be raised up until all punches have entered it. The 
punch should then be brought down, by moving the press fly- 
wheel with the right hand, about 5-16 inch, and the die will 
rest squarely on the press bolster in perfect alignment with the 
punch. Now fasten the die to the press, give it a rap with 
a hammer at each end and go ahead. 

The stock to be punched should be entered beneath the 
stripper and pushed up against the stop pin. At the first 
stroke of the press the two holes will be pierced and a 
“scrap” blank punched out. Now feed the stock forward 
until the back edge of the punched hole rests against the 
stop pin, and at the next stroke, as the punch descends, the 
pilot pins in the blanking punch will enter the holes pierced 
at the first stroke and a blank will be produced which will 
be an exact duplicate of the male templet. The stock may 
then be fed along until the entire strip has been worked up. 

* * * 

In astronomical work it is of the greatest importance to be 
able to read the graduated circles with the attached micro- 
scopes without bringing near the circles the source of light. 
Any light that we are now able to produce is accompanied by 
heat, and heat even of small degree locally applied, will 
quickly distort the circles so that accurate readings are im- 
possible. To overcome this difficulty, Professor Becker, of 
Glasgow University, has recourse to solid glass rods to con- 
vey light to the graduated circles. Light projected into one 
end of a glass rod such as he uses, is delivered at the other 
end, even if the rod is curved. The light cannot escape from 
the sides on account of the internal reflection from the sides. 
The heat conveyed with the light, is, of course, of little pro- 
portions. To illustrate the sensibility of such graduated 
circles it may be mentioned that the radiation of heat from 
the human body has been found to exert a most sensible effect. 
So if it is necessary for an attendant to be near a circle, he or 
some one to take his place must remain in the same approxi- 
mate position constantly throughout an observation. 
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Mr. George H. Hall has been engaged as Associate Editor 
on the staff of Macuinery, his work beginning with the Octo- 
ber number. This addition to the editorial force will enable 
us to materially strengthen the machine shop features of the 
paper and we shall make the dollar or shop edition more 
valuable to the practical machinist than ever before. Mr. 
Hall is well equipped for his position by technical training 
and some eight years’ varied experience in machine shop and 
drafting room, as well as by occasional work which he has 
already done on MACHINERY. 

* * * 


EIGHT YHARS. 


The eight years which comprise the life of MACHINERY 
cover a period of unexampled prosperity to manufacturers; 
and while the growth of the paper has been unusual in the 
history of trade publications, it has not more than Kept pace 
with the progress of the trade it represents. 

Firms that were not in existence eight years ago, to-day own 
and operate plants employing hundreds of men, the establish- 
ment of which heretofore represented the toil and saving of 
a generation, and the extension of existing plants has pro- 
gressed in a like degree. One entire section of Cincinnati— 
a city in itself—devoted almost entirely to the manufacture 
of machine tools and comprising twenty-one plants, some of 
the largest in the country, has sprung up in the period re- 
ferred to. And it is also true that the rewards of skill and 
energy during that period have not been limited to the em- 
ployer; for among the writer’s personal acquaintance are 
many instances of mechanics who were earning day’s wages 
less than eight years ago, who now control enterprises which 
represent the investment of good-sized fortunes. Yet the de- 
velopment in machine tools and kindred lines in this country 
has hardly more than begun, for the multiplicity of enter- 
prises which rely for their progress and profits on the use of 
improved machinery offer rewards that will continue to spur 
on the ambitious mechanic; and although the present period 
of prosperity cannot continue without interruption, it is not 
probable that any one now living will witness the surrender 
by this country of the lead it has acquired in the design and 
manufacture of labor-Saving appliances. 

This is not a special number of MAcHINERY, although it 
contains more advertising than usual. No canvass was made 
to obtain additional business for the September number, be- 
cause we wished it to be a fair specimen, both as to reading 
and advertising, of what the paper will be during the coming 
year—except that we shall try to improve it each succeeding 
month. L. 
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THE ENGINEERING EDITION OF “MACHINERY.” 


The dollar edition of Macurnery has attained the largest 
paid circulation ever reached by a mechanical paper and will 
be continued at the present price, as the Shop Edition. 

There is no monthly in this country devoted to constructive 
mechanical engineering, although there are several valuable 
publications which cover the general engineering field with 
matter of a descriptive and popular character; and the Engin- 
eering Edition of MacHINERY has been published in response to: 
a demand for a technical monthly for mechanical and consult- 
ing engineers, superintendents and others engaged in actual 
constructive work, who desire to keep closely in touch with 
mechanical progress without taking the time necessary to 
read several publications. 

A number of important features will be introduced in the 
Engineering Edition, beginning this month, of which the fol- 
lowing is a brief summary: 


First—The articles will be mainly technical, rather 
than descriptive or popular. They will contain spe- 
cific information relating to the design, construction 
and operation of machinery and kindred subjects; 
and will thus be valuable for future as well as present 
reference. 


Seconp—No write-ups or matter for advertising or 
other considerations except the merit of the article 
illustrated have ever been inserted in MACHINERY; 
but in their place a very complete summary has lately 
been given, containing short descriptive articles on 
new tools or machines that have just been placed on 
the market; Information concerning these is ob- 
tained systematically, and although MACHINERY al- 
ready publishes more descriptions of such machines 
than all the other papers combined, this department 
will be further extended. 


TuIrp—It is intended that the Engineering Edition 
shall cover its field so thoroughly that even if no 
other paper is seen the reader will obtain all the im- 
portant mechanical news of the month, and to this 
end there will be editorial note and comment on all 
noteworthy mechanical events in each number. This 
matter will be systematically gathered and will be 
so complete that the readers will be kept in close 
touch with mechanical progress. In many respects 
this will be the most valuable feature of the paper. 

FourtH—A digest of leading articles in the engin- 
eering papers will be given in each number, together 
with a list of other articles which do not receive ex- 
tended mention. The digest will be edited with a 
view to giving the substance of items that are of the 
most interest to constructive engineers. 

Firru—A data sheet will be published each month 
containing tables, diagrams and other information of 
practical value, in condensed form, most of which 
will be taken from the proceedings of the various 
engineering societies. As these proceedings are 
usually seen only by the members of the societies 
issuing them, much valuable matter is lost to pro- 
fessional men. The data sheets will represent this 
material in the most condensed possible form with- 
out sacrificing any part that is of value. 

Sixtu—The collection and publication of data 
from the proceedings of engineering societies will be 
extended so as to include information covering im- 
portant laboratory work conducted either by the tech- 
nical colleges or private testing laboratories. The 
results of many important tests are now not pub- 
lished at all, and it is believed that their preservation 
in permanent form will be of great value to all who 
are interested therein. 


The price of the Engineering Edition will be $2.00 a year, 
and we shall make the paper worth that to its subscribers. 


* * x 


The uses of aluminum are manifold and new ones are con- 
stantly discovered. It is found to have a very favorable effect 
upon zinc used in galvanizing. In the process of galvanizing 
suitable prepared sheets are drawn through a bath of melted 
zine which ordinarily goes through a slow oxidation process, 
forms drosses, and finally loses its power to coat iron. By 
adding one pound of an alloy of zinc with 2 per cent of alum- 
inum to the zinc bath, this becomes more fluid; a given 
weight of zinc, thus charged, coats 20 per cent more surface, 
the sheets are brighter and keep their color better. The 
amount of aluminum added is only 0.001 per cent, but it has 
this remarkable effect. 
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IMPORTANT STEAM TURBINE DEVELOPMENT. 


The advent of the General Electric Co. in the steam turbine 
field gives renewed pertinence to the question of whether the 
turbine is to become a formidable rival of the steam engine, 
or possibly, even, to become its successor. There was great 
interest shown when the Westinghouse Machine Co. took up 
the manufacture of the Parsons steam turbine in connection 
with their engine business. That the General Electric Co., 
however, should have decided to seriously enter the steam 
engine field and that the type of engine they have adopted is 
the turbine, is even more significant. The wheel which they 
are preparing to manufacture is the invention of Charles G. 
Curtis, assignor to the Curtis Steam Turbine Co., New York 
City. 

In 1896 experiments were made on a Curtis turbine of 
about 150 horse power at Stevens Institute. Its economy was 
about that of a simple high-speed steam engine of correspond- 
ing power, but somewhat inferior to that of a compound 
engine. This turbine, however, was built for experimental 
purposes before it had been determined what the exact 
requirements were, and was faulty in construction. 

A Curtis turbine of 500 horse power has been in operation 
in the power house of the General Electric Co. at Schenectady 
for over a year, giving good results. Although rated at 500 
horse power it has carried a load of 1,000 horse power for 
several hours at different times and has also established a 
record for continuous service by running for a period of ten 
days without shutting down. Oil is pumped on the bearings 
continuously. In common with other steam turbines the con- 
densation is free from oil and can be used over again without 
injury to the boilers, while the cost for attendance is exceed- 
ingly low. 

The General Electric Co. are making preparations as rapidly 
as possible for building turbine units in larger sizes. One of 
1,500 horse power for the works of the Michigan Construction 
Co., Jackson, Mich., will soon be completed. This is to be 
direct-connected with an alternating current generator and is 
the first wheel which they have built to be installed outside 
their works. They will soon build two more 1,500 horse power 
turbines, for their power house at Schenectady. It is under- 
stood also that they have orders for several wheels of a larger 
size. One of these is for installation in the new station of 
the Commonwealth Electric Co., at Chicago, and there is the 
possibility that if the results compare favorably with those 
from reciprocating engines, more turbine units will follow. 
The design adopted for this station is novel, in that the tur- 
bine is placed horizontally, with its shaft running in a step 
bearing in a vertical position and the generator located di- 
rectly over the wheel. The experience of the General Electric 
Co. in designing the step bearings for the generator shafts of 
the Niagara Falls Power Co. has enabled them to adopt this 
type of construction for the steam turbine, with a reasonable 
assurance of success. 

Last April the steam yacht Revolution, about 140 feet long, 
and equipped with Curtis turbines, was launched from ‘the 
yard of Chas. L. Seabury & Co., Morris Heights, N. Y. The 
boat has twin screws with a turbine on each shaft, and the 
engines have developed 2,500 horse power. While no figures 
have been given of the performance of the engines and the 
speed attained by the boat, it is known, by comparison with 
other vessels, that she has traveled in the vicinity of 20 
knots an hour. 

The first Curtis patents were issued about 1896, and it is 
evident from the successful progress made in the application 
of this wheel that it is to assume a prominent place among 
high-speed steam motors. Next month we shall outline briefly 
the characteristics of the Curtis, De Laval and Parsons tur- 
bines. 

THE DAVIS ARMOR PLATE. 

Lieutenant Cleland Davis, of the Navy, has discovered a 
process for making armor plate that promises to be vastly 
superior to the Krupp plate, which up to the present time 
has been the most effective. The method employed by the 
great German gunmaker consists in using a highly car- 
bonated gas directed by many gas jets upon the face to 
be hardened. At a red heat the plate absorbs the excess 
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carbon from the gas and at the end of two or three weeks 
of the hardening process its face becomes sufficiently car- 
bonized to produce an extremely hard composition. Lieu- 
tenant Davis in his experiments discovered that a current of 
electricity directed on the armor plate by large carbon anodes 
would carry with it a portion of the carbon of the anode and 
transfer it to the body of the metal. The spot so treated 
became intensely hard and the depth of hardening was found 


to be dependent upon the time that the current was applied. 
Usually only a few hours were necessary to produce results 
equal to the Krupp process. 

The contest between armor and artillery becomes weari- 
some at times, but the recent improvements in regard to 
both are of perhaps greater interest than usual. Last Decem- 
ber it was demonstrated at the Sandy Hook proving ground 
that it was possible to penetrate the heaviest Krupp armor 
with a 12-inch shell and completely wreck the armor. This is 
done by employing a powerful explosive agent in the shell, 
which, however, is desensitized, so that it will not explode 
in the gun. The explosive is fired when the shell has en- 
tered the plate by means of a delay-action fuse which can 
be arranged to act at any given time within very narrow 
limits. This achievement is responsible for the refusal of 
the government to experiment further with guns of the Gath- 
mann or Zalinski types. The first of these fired a high 
explosive by means of powder, and the second by means of 
compressed air, and in both cases the charge exploded against 
the face of the armor without penetrating it. 

The armor-piercing shell now used by the government 
is considered one of the most important improvements in 
modern artillery. If the Davis armor proves to be as great 
an advance in armament we shall be well equipped to battle 
with the foes of the future. The fortunate part of it all 
is, however, that the improvements in artillery and armor 
may more frequently than not be applied in industrial work, 
where they are of greater utility to mankind in general than 
when applied simply to implements of war. 

eee 


NOTES AND COMMENT. 


REVIEW OF CURRENT EVENTS, TECHNICAL AND 
MECHANICAL. 

Work has been begun upon the buildings for the new 
National Bureau of Standards, Washington, D. C., and if 
present plans are carried out the completed buildings will 
represent an outlay of over $1,000,000. The first building to 
be erected will be the mechanical laboratory, which will be 
followed by a main building to include the office of the 
director of the bureau. 


What is said to be the largest steel tank in the world 
has been completed at Boston for the Atlantic Refining Co. 
It stands 36 feet high, its diameter is 90 feet, and its capacity 
36,000 barrels. In the construction of the sides 144 plates 
of iron were used, and in the bottom 102 plates. The weight 
of each plate is 900 pounds. Lighter plates were used on 
the roof, and it required 202 of them. In the joining of the 
plates two tons of steel rivets were utilized. 


Dr. Auer Von Welsbach, of incandescent mantle fame, is 
following Edison’s lead in the invention of an improved 
storage battery. He claims much greater capacity and en- 
durance for his battery than can be secured with the com- 
mercial lead battery now so extensively used. Important 
elements in the battery are certain of the rare earths, with 
the characteristics of which he became very familiar when 
developing the Welsbach mantle. 


Last month we referred editorially to the Blickensderfer 
electrical typewriter, in which a slight depression of the 
keys causes the typewheel to be operated electrically and so 
print with uniform stroke at whatever speed the operator 
may manipulate the keys. An exhibition was recently given 
in the office of the Baltimore Sun of another electrical type- 
writer invented by J. H. W. Marriott, of Baltimore. Mr, 
Marriott has been personally identified with the typewriter 
business for many years, being formerly with the Reming- 
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tons. A feature of the new machine is its manifolding 
qualities, as the electrical blow can be so regulated as to 
strike with a force as great as 10 pounds or even more. 


The largest steel freight cars yet designed are to be built 
by the Pressed Steel Car Co. for the Monongahela Connecting 
Railroad, a line having thirty miles of track, twenty loco- 
motives and nearly three hundred cars, all owned by the 
Jones & Laughlins Steel Co. It connects with the Pitts- 
burg & Lake Erie, with the Baltimore & Ohio and the Pennsyl- 
vania Railroad and crosses the Monongahela River between 
the Soho and Southside plants. It is used entirely for switch- 
ing freight and supplies for the steel mills and other indus- 
tries on its route. The cars in question will have a capacity 
of 200,000 pounds, just double that of the largest steel cars 
now in common use. These cars will be so heavy that the 
bridge across the Monongahela River will have to be entirely 
rebuilt. The cars cannot go off the home line as they are too 
wide and heavy to cross bridges on other railroads. 


It is a dull month when we are unable to publish an item 
about “A Solder for Aluminium,” yet the field is still open 
for such a solder, adapted for ordinary use by ordinary 
mechanics. This month our item comes from a press dis- 
patch from Worcester, Mass., to the effect that W. H. Whit- 
ney, of Clark University, has invented a solder for aluminium 
that can be applied with a soldering iron, and appears to 
produce good results. Mr. Whitney is not ready to give any 
information about his invention further than to say that 
he has employed it with success in instrument making. The 
use of aluminium, ‘“‘the metal of the future,’ has been greatly 
restricted by the fact that it cannot be successfully soldered 
or brazed by ordinary methods, and articles must either be 
of one piece or else riveted, pressed or otherwise fastened 
together by mechanical means. It is to be hoped that Mr. 
Whitney’s invention will fully meet his expectations. 


A gigantic project which is “in the air,” and yet appears to 
be given some credence is the proposition to establish an elec- 
trical power plant at Victoria Falls, on the Zambesi River, 
Africa, that will equal or eclipse the Niagara plant. ‘These 
falls surpass the cataract of Niagara in magnitude; but they 
are in the heart of the Dark Continent, and it would be 
necessary to transmit the power long distances to reach the 
important cities on the coast. The question of utilizing this 
power has been carefully canvassed by prominent engineers, 
and it is reported that a commission is to set out from 
London to make an investigation within a few weeks. It is 
improbable that the immediate future will see an actual 
beginning of the work, because its successful completion 
must depend upon railroad communications, requiring about 
300 miles of track through the most difficult country for 
railroad building. The land is swampy and malarial, and 
the natives are not friendly. 


A typewriter is now being manufactured at the Remington 
shops, Ilion, N. Y., with an attachment by which a message, 
mechanically correct, can be sent over a telegraph wire 
through the manipulation of the typewriter keys, as in type- 
writing. It is the invention of Charles H. Yetman, formerly 
a Western telegraph operator. The machine enables the oper- 
ator to make the dash and dot symbols of the Morse alphabet 
at a high rate of speed and with little chance of an error. 
The typewriter has a series of rings arranged side by side 
on a shaft with edges serrated to correspond with the dashes 
and dots of the telegraphic code. The depression of a key 
causes its ring to rotate and make and break the circuit 
for the Morse letter corresponding. The machine makes no 
record or reproduction at the distant end of the line, and 
an experienced operator is required to read and receive the 
message; but anyone who can operate a typewriter can send 
a message much more accurately and at a higher rate of speed 
than is possible by the use of the ordinary telegraphic keys. 
The machine has been tried with success in various news- 
paper offices and in the offices of the Associated Press. 
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One of the applications to which the steam turbine is 
eminently fitted is for the operation of centrifugal pumps for 
fire service or any other purpose. The centrifugal pump is 
a fairly efficient machine when driven at the proper speeds, 
which are always high, and that is just what the steam 
turbine can do without belting up. It has decided advantages 
over the reciprocating pump, since there are no cylinders, 
pistons or valves to be cut and abraded by foreign substances 
in the water, so it makes no difference how dirty or gritty 
the water may be, it can be handled with impunity. This 
is a prime advantage for a fire pump, and especially for 
the portable fire engine, which often has to pump very bad 
water at high speeds. The Parsons Co., the builders of the 
steam turbine in England, have in operation in one English 
mill a centrifugal pump driven by a Parsons steam turbine 
at a normal speed of 2,000 turns per minute. At this speed 
it delivers 25,000 gallons against a head of 40 feet. In case of 
fire it can be speeded up to 4,000 turns per minute, when it 
will deliver a somewhat larger column against a head of 
160 feet. 


One of the interesting, not to say amazing, features of mod- 
ern engineering construction is the varied and extensive uses 
to which concrete is being put. A grain elevator has recently 
been built in Buffalo having a storage capacity of 650,000 
bushels, of which the foundation is of concrete up to and in- 
cluding the basement, ten feet high. On this foundation stand 
90 steel storage bins 65 feet in depth and of various diameters 
up to 15 feet. Concrete is being used exclusively on the Lacka- 
wanna Railroad for retaining walls, culverts and other con- 
struction, which a few years ago would have been made of cut 
stone. Concrete is largely used in the construction of the 
new shops of the Central Railroad of New Jersey at Elizabeth, 
N. J., all foundations for shop walls and machine tools being 
made of it; also the floors. The roundhouse walls are con- 
crete, as are the pits and wall for the turntable pit. The time- 
honored wooden pile has also been displaced by the concrete 
pile. In this case a steel tube is driven containing a steel 
core. The core is composed of two longitudinal sections which 
are removed after the tube is driven and the space is filled with 
concrete. This in effect makes a concrete pile with a thin 
outer steel shell. The inevitable disintegration of the steel 
shell, of course, does not affect the integrity of the pile. 


THE LIGHTEST AUTOMOBILE. 

Elsewhere in this number is an article upon the heavy 
motor trucks made by the Morgan Motor Co., Worcester, 
Mass., which are among the heaviest and possibly are the 
heaviest made in the United States. By way of contrast it 
is interesting to note that what will be the lightest automo- 
bile made in this country is to be manufactured at Hartford, 
Conn.; or, more properly, the motors for such automobiles. 
Part of the Acme shops, recently vacated by the Acme Ma- 
chine Screw Co., have been leased for the purpose, and the 
motor to be built is very light in weight and is intended to 
be attached to ordinary bicycles. It is of French design, 
weighs only 20 pounds, and is capable of developing 1% 
horse power. It is known as the French Clement motor. A 
wheel equipped with one of them has been known to make 
a trip of 1,500 miles without serious breakdown; but most 
readers of this will probably question whether a common 
bicycle will be capable of long standing the strain of so 
powerful a propelling force, although provision is made for 
strengthening the front forks of wheels that are to be motor 
propelled. Gasoline is fed to the motor from a tank sit- 
uated in front of the handle-bars, and the motor itself is 
clamped to the lower member of the frame in front of the 
rider. 


ELECTRICALLY-WELDED AUTOMOBILE PARTS. 

The marked increase in the number of automobiles manu- 
factured has led the Standard Welding Co., Cleveland, O., to 
adapt their electric welding process to the production of 
several important parts for automobiles. This action, to- 
gether with the influence of firms making drop forgings, is 
likely to be the beginning of a tendency to standardize certain 
parts of automobiles in the same way that bicycle parts have 
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come to be regarded as standard. The initial effort of the 
Standard Welding Co. in automobile work was the manu- 
facture of the seamless rim in various styles and diameters 
for wood and wire wheels. The advantages of these rims 
come from the high-grade material that it is possible to use 
and the accuracy of dimensions. This latter is especially 
valuable in connection with wood wheels, as it enables the 
maker to adopt a standard of size without special attention 
being given to sizing each wheel for each individual rim. 
As drop forgings have been used advantageously in the manu- 
facture of automobile parts, especially axles, levers, etc., a 
considerable amount of special work is carried on by this 
company in electrically welding these special forgings to 
commercial iron or steel, to produce the finished product. This 
obviates the necessity of making long and expensive forging 
dies and gives great flexibility in the manufacture of articles 
of this class, as small articles can be readily drop-forged and 
welded to meet the various conditions. 


ANOTHER ATTEMPT AT HLECTRICITY DIRECT FROM 
HEAT. 

Prof. C. B. Thwing, of Syracuse (N. Y.) University, has 
invented a thermo-electric generator for the direct conver- 
sion of heat into electricity. The principle of the apparatus 
is the old one that a current may be produced in a closed 
circuit by heating the point of contact of two dissimilar 
metals. For example, if a piece of bismuth and a piece 
of antimony be soldered together, their free ends con- 
nected by a wire and the place where the pieces join be 
heated, there will be a slight current flowing across the 
heated point from the bismuth to the antimony. The im- 
provement in Prof. Thwing’s apparatus is that a more power- 
ful current may be generated, and greater durability ob- 
tained than in any previous device operating on this principle. 
We have not been able to obtain authentic information re- 
garding the invention, but understand that a small machine 
has been experimented with which has generated a 20-volt 
current and is applicable to light power, such as required 
for dental tools, etc. The metals employed are said to be 
alloys of iron and nickel, one of the metals being cooled with 
air currents at the same time that the other is heated. 
Prof. Thwing is at the head of the Department of Physics 
at Syracuse University, is in good standing among physicists, 
and it is not improbable that his invention may be an im- 
portant step, even if a short one, toward the goal of “elec- 
tricity direct from coal.” 


NEW METHOD OF COVERING HULLS OF VESSELS WITH 
COPPER. 


Copper sheathing has been employed for covering the hulls 
of wooden sailing vessels for a great many years and is used 
to some extent on the hulls of steel and iron vessels, in order 
to reduce the quantity of barnacles and other sea growths 
that accumulate. When used on iron or steel hulls the latter 
are first sheathed with wood and then the sheet copper is 
applied, to prevent the electrolytic action that would occur 
between the copper and plating of the hull. The objection 
to copper sheathing is that it is almost impossible to entirely 
prevent electrolysis, and portions of the hull, or even valves 
and fittings below the water line, are almost certain to be- 
come damaged to a greater or less extent. This is especially 
the case if the vessel grounds or encounters an obstacle, caus- 
ing part of the sheathing to be scraped off. Under such 
circumstances the exposed portion of the hull forms one pole 
of a battery, of which the copper sheathing is the other pole. 
At the Atlantic Iron Works, South Boston, Mass., a large 
steam yacht has recently been coated by an entirely new 
process, which, it is claimed, will produce as good results as 
copper sheathing and will entirely prevent electrolysis. The 
hull is first painted and then a coating of powdered quartz 
is sprayed over the painted surface. Upon this a coating of 
copper in powder form is then sprayed with an air brush and 
finally there is another coat of powdered quartz. It is claimed 
that the quartz serves to isolate the copper from the hull 
and also the particles of copper from one another; and that, 
if part of the coating should be rubbed off, exposing the bare 
hull, there would be no electrolytic action. 


MACHINERY. 19 


THE MEDAL IN HONOR OF JOHN FRITZ. 

The celebration of the eightieth birthday of John Fritz, 
the American engineer, whose most distinguished services 
have been rendered in the iron and steel industry, will 
take place the last of next month at the Waldorf-Astoria, 
New York City. Last winter representative members of the 
four great engineering societies of America organized for 
the purpose of planning a suitable recognition of Mr. Fritz’ 
career at the time of his eightieth anniversary. It was de- 
cided to establish a John Fritz medal, to be awarded every 
year “to the originators of the most useful scientific or 
industrial achievements, in perpetual ‘honor of John Fritz 
and to the glory of engineering.” Subscriptions were called 
for, and the responses have been so numerous that the suc- 
cess of the project is insured, several thousand dollars having 
been received. It is intended that the medal shall be 
awarded by a perpetual committee of sixteen, to be appointed 
or chosen in equal numbers from the American Society of 
Civil Engineers, the American Institute of Mining Engineers, 
the American Society of Mechanical Engineers and the Amer- 
ican Institute of Electrical Engineers. The committee may 
select any person of any nationality. No award shall be 
made until after at least one year of consideration, and it 
must have the affirmative vote of at least three-fourths of 
the board. The belief is that this medal will be a distinction 
not second to the Bessemer Gold Medal, awarded by the Iron 
and Steel Institute of Great Britain. 


“PERMANENT” MOLDS FOR CASTING IRON. 

A company known as the International Foundry Co. has 
been incorporated in New Jersey with a large capital, to ex- 
ploit a new process invented by Charles Szekely, of New 
York. The idea is to make “permanent” molds for iron cast- 
ings, the inventor having discovered a preparation which is 
smeared on the insides of sand molds and which renders un- 
necessary breaking them up when one casting has been made. 
The plan is, of course, to make several castings from the 
same mold. This will probably make the average molder 
smile with contempt, but then there may be something in it. 
Another scheme to beat the molder has been developed by 
Frederick Baldt, Chester, Pa. In this process a fusible pat- 
tern is used which is embedded in sand by a suitable molding 
machine. The mold is then heated and the fusible pattern 
melted out, leaving the mold ready to receive the molten iron, 
or other metal. The chief novelty of this invention is the 
means employed to pack the sand around the pattern since 
the idea of a fusible pattern is a very old one and one often 
used by model makers and others having need for only one 
casting from a pattern. In such cases the pattern is com- 
monly made from impression wax shaped to the desired form. 
The pattern is molded and then, if of complicated form having 
cores, etc., that make it impossible to pull it when made in 
one piece, it is melted out. Plaster of Paris is often used for 
the mold when the casting is to be made of a metal having a 
low melting temperature. 


COMPOUND LOCOMOTIVES ARE TWENTY-FIVE YEARS 
OLD. 


It is now the 25th anniversary of the application of the 
compound system to locomotives in France. The first com- 
pound locomotives were designed by A. Mallet and operated 
on the railway between Bayonne and Biarritz, France. They 
were built at the Creusot works and had one high-pressure 
and one low-pressure cylinder, with provisions for working 
either simple or compound. In that year the Institute of 
France awarded to Mallet the Fourneyron prize for me- 
chanics, in consideration of his achievement. The use of the 
compound locomotive has extended throughout Europe since 
its introduction by Mallet and it is estimated that nearly 
15,000 are now in operation on various Huropean roads, of 
which two-thirds are of the Mallet type. In marked contrast 
to the development of the compound system abroad is the 
growth of compounding in this country. The first compound 
engine of any consequence to be tried in the United States 
was Dunbar’s five-cylinder compound, which first ran on the 
Boston & Albany Road in 1883, or six years after the success- 
ful introduction of Mallet’s locomotives in France. Dunbar’s 
engine was a failure and compounding made no progress here 
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until 1888-9. In these years Webb’s three-cylinder compound 
was tried on the Pennsylvania R.R.; the first Baldwin-Vau- 
clain compound was built for the Baltimore & Ohio R.R., and 
the first Schenectady compound having an intercepting valve 
to allow high-pressure steam to be used in the low-pressure 
cylinder was introduced. 


ANOTHER GIGANTIC SUSQUEHANNA POWER PLANT. 

Vast in scope is the Susquehanna power plant which is 
to be constructed for supplying Baltimore, Wilmington, 
Chester and Philadelphia with electric power. That part 
of the Susquehanna River where it is proposed to locate 
the plant is about 35 miles from Baltimore, near Peach Bot- 
tom, and almost on the boundary line between Maryland 
and Pennsylvania. At this point there is a fall of 120 feet 
within a short distance, and there are numerous islands 
which facilitate the location of the power house and the 
construction of dams. It is proposed to utilize this power 
for three plants, so located that each will have a fall of 40 
feet and will be capable of generating 50,000 horse power. 
There will be about 10 per cent loss in the transmission to 
Baltimore. The consummation of this enterprise came last 
month through the consolidation of the lighting and electric 
railway interests of Baltimore; and the syndicate which con- 
trols these interests is also represented in the Susquehanna 
Electric Power Co., which will build. the new power stations 
and supply the current. The plans as now announced con- 
template one power plant of 40,000 horse power to supply the 
present needs of Baltimore for electric railway work and 
lighting; but as the demands for manufacturing and other 
purposes increase, the plant will be developed to as great 
a capacity as necessary, up to the limit of 150,000 horse power. 
The complete equipment for each station will include ten 
5,000 horse power electrical units, for each of which there 
will be three pairs of 48-inch turbine wheels. 

This is the fourth instance of the utilization of water 
power for electrical transmission on a large scale in the 
East, although there have been many in the Western section 
of the country, particularly in California. The-other three 
Eastern plants are the Niagara Falls, the St. Lawrence 
plant at Massena, N. Y., and the Susquehanna plant now 
being constructed at Yorkhaven, Pa., near Harrisburg. It 
will completely eclipse its Yorkhaven rival, however, which 
is to have 40 units of 600 horse power each, or a total of 
24,000 horse power. 


WIRELESS TELEGRAPHY ON THE PACIFIC COAST. 

The Fessenden system of wireless telegraphy is to be used 
by the government to communicate between San Francisco 
and the Farallone islands, which are about 30 miles from the 
coast. The last Congress appropriated $40,000 for a system 
at this point, as an aid in weather predictions, and Chief 
Moore of the Weather Bureau has already let part of the 
contract. 

It is not generally known that the first practical use in 
this country of a wireless telegraph system was near the 
scene of this installation by the daily Call of San Francisco. 
In the stirring times of the Spanish war Marconi lay claim 
to having discovered a method of transmitting messages by 
electric current, without the use of wires, but for the most 
part was looked upon as a dreamer or a fakir. The Call, 
however, with a mingled interest in the development of sci- 
ence and the promotion of a good advertising scheme deter- 
mined to give the apparatus a test. The instruments were 
procured in London and after experimenting with them more 
powerful apparatus was found to be necessary if messages 
were to be conveyed considerable distances. 

More apparatus was cabled for and upon arrival was in- 
stalled with a view to giving advance information from the 
expected transport Sherman, which was bringing a California 
regiment from the Philippines. With the sanction of the 
government the sea end of the aerial line was established on 
board a lightship anchored some nine miles from the en- 
trance to the Golden Gate. The lightship dynamo supplied 
the electric current and her masts offered a suitable altitude 
for the pendant wire, while the land station was fixed at the 
famous Cliff House. From a mast on the top of the building 
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on the seaward side a long wire hung with a free end down 
80 feet to near the water. The Sherman was sighted on the 
morning of August 23, 1899, the wireless message was suc- 
cessfully transmitted to the shore and within thirty seconds 
a signal gun was fired from the dome of the Call building, 
announcing her arrival. 


AIR RESISTANCE ENCOUNTERED BY MOVING TRAINS. 


The results of the high-speed tests made last year on the 
Berlin-Zossen line have recently been made public in part. 
Two cars were used in these tests which were built by Ger- 
man manufacturers. Both had a seating capacity of fifty 
persons, and were of the same width and height as the 
standard Prussian State Railway cars. Three-phase current 
was transmitted from overhead conductors at a tension of 
10,000 to 12,000 volts. The current was delivered to the 
motors at a lower voltage by static transformers on the cars. 
The armatures of the motors were carried on a hollow sleeve 
surrounding the axle which was connected to the axle by a 
set of springs at cach end. The motors were thus connected 
to the axle without the interposition of reduction gearing. 
Each car had four motors of 250 normal horse power and 750 
horse power in starting, making a total of 1,000 horse power 
when running and 3,000 horse power when starting. 

To measure the air resistance pipes of different diameters 
were attached at various angles to the front of the cars 
and led to pressure gages from which readings were taken 
at different speeds. One pipe was so arranged that it could 
be extended to various positions in front. The readings from 
this pipe show that a uniform cone of compressed air about 
11 feet in length was pushed ahead of the car. At a speed 
of 32 miles per hour the air pressure was about 2.7 pounds 
per square foot; at 387 miles, 4.1 pounds; at 43 miles, 5 
pounds; at 50 miles, 6.2 pounds; at 62 miles, 10.4 pounds; at 
75 miles, 15 pounds; at 81 miles, 17.5 pounds; at 93 miles, 
23 pounds; and at 96 miles, 24.6 pounds. These results 
appear to show that for the speeds tested air resistance 
varies according to the square of the velocity as has here- 
tofore been held, but that the coefficients of resistance have 
uniformly been too high. From these experiments it is de- 
duced that air resistance per square foot of impinging sur- 
face may be found by the formula P = .0027 V*. This gives 
results a little over one-half that given by old air resistance 
table based on the coefficient .0049. 


AUTOMATIC TELEPHONE EXCHANGES. 


The general extension of telephone service in cities and 
towns to other than business places is retarded by its cost. 
In many cities the telephone rates seem unreasonably high 
and this condition is quite popularly attributed to the monopo- 
listic privileges enjoyed by the telephone companies. While 
there is undoubtedly much truth in this contention, we are 
assured that in many places the rates are not higher than a 
reasonable profit on the investment demands. The one great 
expense of telephone service is the central exchange. The 
cost of installation of large exchanges and the wages of the 
operators are the chief sources of operation cost. The central 
exchange is an exception to the general rule in other lines of 
business that the greater the business done the less the pro- 
portionate operation cost. In the telephone business the cost 
of an exchange increases not in direct ratio to the number of 
subscribers, but rather as some power of the number. The 
opportunity for the cheapening of telephone service seems 
to be in the direction of the automatic telephone exchange. 
Already these remarkable machines, seemingly endowed with 
almost human intelligence, have been installed in some towns 
with very satisfactory results. The subscriber calls any 
number desired by rotating a disk on his instrument so as to 
select the number required. The machine at the central ex- 
change automatically calls up the number, or in case the 
number is “busy” it warns the subscriber of that condition 
by a loud buzzing. Only a few attendants are required in a 
large exchange to see that the machinery runs without in- 
terruptions, and on Sundays and the latter part of the nights 
the exchanges work automatically without any attention. 
Complete privacy is also insured by the automatic exchange. 
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STEAM STEERING GEAR. 


THE ADVANTAGE OF STEAM OVER HAND GEAR—TYPES 
OF STEAM STEERING GEAR AND METHODS 
OF TRANSMISSION. 


ARTHUR MASTERS. 


The first thing to be done upon getting a ship under way, 
or after releasing her from her moorings, is to guide and 
control her on her course, and here it is necessary in the 
large and swift battleships and cruisers, and vessels of the 
merchant marine, to provide more powerful and effective ap- 
pliances than can be obtained by manual labor alone, for 
moving the rudder and directing the path of the ship. It 
is with this object that the steam steering engine is fitted. 

This engine is sometimes placed in the main engine room 
of the vessel, as in the case of steam yachts; but more often 
in a special compartment of its own, near the rudder or tiller, 
as may be found most convenient, and as it is such a vital 
portion of the ship’s auxiliary machinery that of the battle- 
ship or cruiser is always placed under protection of the side 
armor, the protective deck, or below the water line, and out 
of the reach of the enemy’s shell. Lord Brassey’s “Naval 
Annual” for 1892 reflects somewhat on the reliability of ths 
steam steering gear in the following: “The man who shall 
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The controlling gear, which is simply the gear by which the 
steering engine is worked from the bridges, or any other 
steering station, may be composed of any one of the three 


following systems most commonly employed, namely, 
shafting and bevel wheel gearing, wire rope. trans- 
mission, or hydraulic or _ electric telemotor. On the 


bridges, in the pilot house, and conning tower, is a small 
hand-wheel mounted on a pedestal, and to this hand-wheel 
the steering engine valve, known as the “controlling valve,’ 
is attached by any of the above systems reaching from the 
pilot house or bridge down to the main or protective deck, 
thence aft to where the steering engine may be situated. This 
is shown in Fig. 2. The motion of the hand steering wheel 
on the bridge, or wherever it may be worked from, is con- 
veyed to the engine by one of the above-mentioned systems, 
and the controlling valve and the whole of the gear are so 
arranged that the rudder, which is being moved by the engine, 
follows the motions of the hand steering wheel exactly. 

The “Great Eastern” was one of the first vessels furnished 
with a steering engine. This engine was designed by Mr. 
McFarlane Gray, and from that time up to the present large 
merchant steamers have been similarly fitted. Steam has 
been generally preferred to hydraulic power, after numerous 
trials, although some arrangements on the hydraulic principle 
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invent a system of steam steering that should be as trust- 
worthy as, say, the propelling engines of an average man-of- 
war, will deserve well of his country. At present no such 
system exists.” It is now ten years since the above words 
were written, but in that time a wonderful improvement has 
taken place. 

Seldom now does one hear of steam steering gear giving 
way, and during the recent naval war between the United 
States and Spain, I do not call to mind a single instance where 
either the steering gear or the main machinery was damaged 
in action. 

It is usually the custom to steer the ship from the bridges, 
the pilot house, or the conning tower, whence a good look- 
out can always be kept, and where the helmsman is within 
easy access, and under the eye of the navigating officer. But 
it is possible to steer the ship by a helmsman stationed below 
in close proximity to the steering engine itself, to whom 
the necessary directions can be transmitted either by electric 
or mechanical telegraphs, or voice tubes. This arrangement 
would, of course, be adopted in the event of the mechanical 
connections between bridges or pilot house—which are all in 
more or less exposed situations—and the steering engine 
being disabled or shot away. 
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have been very satisfactory. The latter gear has certain ad- 
vantages, but it is heavier and more costly than steam gear; 
hence steam is now generally used for the purpose in war- 
ships of all classes, in torpedo boats, and merchant steamers. 

The advantages of the steam steering gear are obvious, as 
for mancuvring purposes it is requisite to have the power 
of moving the rudder rapidly through large angles. In the 
case of hand steering, with such a multiplication of tackles 
between the steering wheels and tillers, it makes the loss of 
power in friction very considerable, and the time of putting 
the rudder over very long. Again it will be evident that a 
ship whose rudder can be put over quickly to its extreme 
angle will acquire angular velocity more rapidly than she 
would with the same rudder put over slowly. Furthermore, 
it has the further and important advantage of placing the 
control of the largest ship in the hands of one or two men— 
possibly in those of the commanding officer himself. 

As another example of the advantage to be obtained by 
using steam steering engines, the British battleship “Mino- 
taur”’ may be mentioned. “With manual power 78 men were 
required to steer her, and the helm was only got over to 23 
degrees in 1% minutes, while turning the circle occupied 
about 7144 minutes. With steam gear on the same vessel two 
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men put the helm over to 35 degrees in 16 seconds, the circle 
was turned in about 514 minutes, and its diameter was less 
than two-thirds that on the former trial.” 

Another instance of the superiority of steam steering over 
hand steering may be shown in connection with the steam 
trials of H. M. S. “Hermione,” second-class cruiser of 4,360 
tons. In moving the rudder, with steam gear (Hartfield 
type): ‘From amidships to hard a-starboard, took 7 seconds; 
from hard a-starboard to hard a-port, 16 seconds; from hard 
a-port to amidships, 6 seconds, one man working the wheel. 
With hand gear, and with six men at the wheels, the rudder 
was put hard over in 55 seconds.” 

This gear, which is on the compensating principle, has the 
advantage of acting with increased power in proportion as 
the load increases. It is illustrated in Fig. 1. In this rigid 
arrangement the engine drives a horizontal bevel wheel, A, 
loose on the vertical spindle, but which, by means of a clutch 
keyed to the vertical shaft, rotates an eccentric pinion B 
on same shaft. This eccentric pinion gears with a rack QC, 
so shaped as to always engage with the eccentric pinion while 
moving about a fixed center. The force is transmitted to the 
rudder by means of double rods, which simply transmit the 
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ment of a steering engine as used on vessels of the United 
States navy, and is of the Williamson pattern. In proportion- 
ing the several parts of the engine, the strength of the rud- 
der stock is taken as the basis of design; and into this calcu- 
lation (size of rudder stock) enter the requirements of speed, 
maximum angle of rudder and area of rudder. It may be in- 
teresting to note here the result of experiment, namely, “One 
square foot drawn 10 feet per second through water, with 
surface normal to line of direction, gives a pressure of 112 
pounds.” Taking this as a basis for pressure which, in the 
case of a ship’s rudder, varies as the square of the velocity, 
and is proportional to the sine of the angle, we have: 


®/A X 112 X sina x V? X1x 10 


10? x M 


Aj== Area: 
V = Velocity of feet per second; 
= lever in inches; 
M = Moment torsion diameter of rudder head in inches. 
Referring again to the Williamson engine in Fig. 3, it will 
be noticed that the power of the engine is transmitted through 
double-spur gears A, off crank shaft, through double helical 
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force from the fixed axis to the rudder head, but do not alter 
it. So the fixed center may be considered to be the rudder 
head. Assuming the engine to exert a constant turning move- 
ment on the vertical shaft, it will be noticed that when the 
rudder is central the longer radius of the eccentric pinion 
acts on the rack, and the motion is comparatively rapid, and 
the force exerted is small. As the rudder increases its angle, 
and therefore its resistance to motion, the small radius of 
the eccentric pinion comes into operation and the force ex- 
erted iS correspondingly increased. A worm on the hand- 
steering shaft and gearing with a worm wheel D, also loose on 
the vertical spindle, is provided, to enable hand power to be 
used, the clutch #H being the means of transference frow 
steam to hand power. In order to prevent any possible risk 
of accident when this transference occurs it may be necessary 
to ship the rudder pins # so as to secure the rudder. Some- 
times a brake wheel and band is fitted for this purpose. 

The requirements of steam steering engines for vessels in 
the United States Navy are that they shall be capable of 
putting the rudder from hard a-port to hard a-starboard, or 
vice versa, in at least 20 seconds when the vessel is moving 
at full speed. Fig. 3, plan view, shows the general arrange- 
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gears B, which operates a right-and-left handed screw C, on 
which travel right and left-handed driving nuts D (that is, 
one nut at each end of the screw), which also slide on guide 
rods #. To each driving nut is attached a side rod F, which 
is also attached to the yoke G, on the rudder head, and as the 
driving nuts approach or recede from each other, according 
as the rotating screw C revolves in one direction or the other, 
the necessary motion to port or starboard is communicated 
to the rudder. The engine is arranged so that it can be used 
for either steam or hand steering by changing suitable clutch 
H. The great point to be gained by this engine is to keep 
the wearing surfaces as large as possible so as to reduce the 
wear and tear. It is also essential that the steering appar- 
atus should be simple in construction and arrangement and 
safe and reliable in operation; so that much skill and care 
are required in the details of the gear, to reduce complexity 
and promote efficiency. 

The “controlling valve,” Ftg. 4, is a special feature of the 
steam steering engine. It not only admits steam to the en- 
gine, so that the rudder is moved to port or starboard as 
desired, but is so fitted that while the rudder is attaining the 
wished-for degree, the steering engine itself which causes the 
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Fig. 3. Williamson Pattern Steering Gear used in the United States Navy. 


24 MACHINERY. 


rudder to move is also actuating and closing the controlling 
valve. So that as soon as the helmsman on the bridge ceases 
to operate the hand wheel, and the rudder has been placed 
to the desired degree, the controlling valve shuts off the 
steam, and the steering engine stops, remaining so until the 
rudder is to be moved again, when the controlling gear and 
steering engine are again brought into operation. 

A more detailed description of the controlling valve gear 
may be interesting. As shown in Fig. 3, the automatic attach- 
ment is fitted on the engine and has stops for steam move- 
ment, so that the engine cannot run farther than the hard- 
over point, which prevents pulling against the rudder stops. 
The screw J is caused to revolve by the action of the bevel 
wheels K, which are operated by an upright shaft from the 
steering wheel in the pilot house. This screw operates on 
the bell-crank lever working on the fulcrum L, thus giving 
motion to shaft M, which terminates in lever O, working about 
its fulcrum P. On end of lever O is attached a valve rod. 

On the main crankshaft a worm BR is fixed, which, as the 
shaft revolves, works the wormwheel S, to which is attached 
sleeve 7. As the valve is opened and the engine is started 
in either direction, the tendency of the latter is to follow 
up the motion given the shaft M, and the moment the hand 
steering wheel ceases to move the starting valve moves back 
to its central position, and thus stops the engine. 
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wheels, or wire rope, the hydraulic telemotor is sometimes 
used. In this the motion is transmitted by water pressure in 
small pipes, a certain motion of the piston of a water cylinder 
at the steering position on deck, producing a similar motion 
in the piston of a water cylinder near the steering engine, by 
means of which the reversing valve is moved. 

Where it is desired to lead a long distance from pilot house 
to steering engine, as in the case of government cruisers and 
battleships, wire rope in connection with Hanscom’s patent 
transmission drums, Fig. 1, is preferable to shafting with 
bevel gears, or universal joints. It can be more easily led 
over sheaves whose roller bearings reduce the friction to a 
minimum, while that of the shafting must necessarily be con- 
siderable, especially when the lead aft may be very irregular. 
Again, a great saving in weight is obtained by employing 
wire rope transmission. 

Various methods are adopted for making the connection 
between the steering engine and rudder. The first instance, 
I. think, of the employment of right and left-handed screw 
steering gear was in the steamship “Lancefield,” built and 
engined by Robt. Napier & Sons, Glasgow, in 1861. Fig. 6 is 
a copy of the sketch taken from the actual gear. Besides 
those shown in Figs. 2, 3 and 6, Figs. 7 and 8 show another 
arrangement, known as ‘“‘Rapson’s slide,” also designed to pro- 
mote uniformity in the turning moment for all angles of 
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Fig. 8 


Fig. 5. Hydraulic Telemotor Type of Transmission. 


There are, therefore, two forces acting on the valve: The 
one from the steering wheel, worked by hand, which moves 
the valve and starts the engine in a direction to put the rud- 
* der to starboard or port; and the other from the engine itself, 
which always tends to replace the valve in its central posi- 
tion and stop the engine. Consequently, the engine only 
keeps in motion while the steering wheel is being worked, 
and as soon as the steersman ceases turning the wheel the 
steering engine stops, the rudder remaining in the position 
to which it has been put. There are many other arrange- 
ments for producing this result, but the essential principle 
in all types of steering engines is the same as above de- 
scribed. 

The valve being actuated by the hand wheel opens the same 
gradually as the rudder goes over, thus increasing the power 
as the load becomes greater. The controlling valve also 
effects economy in the working, and produces the same effect 
as increasing the number of revolutions per degree as the 
rudder goes over. 

Of the three systems of “controlling gear’ above mentioned, 
the most ingenious adaptation is that of the hydraulic tele- 
motor, Fig. 5. Instead of transmitting the motion of the 
steering wheel to the engine by means of shafting and bevel 


Figs.'7and 8. Rapson’s Slide for giving Uniform 
Turning Moment to the Rudder. 


the rudder, and which has been generally found very efficient. 
The end of the tiller is rectangular in section, perfectly true 
and parallel. <A carriage, fitted with a brass swiveling block, 
runs on guides carried from side to side of the ship, square 
to fore and aft center line. This swiveling block fits over the 
rectangular end of the tiller, and is arranged to allow a 
certain amount of rotary motion in a horizontal plane. The 
carriage is worked to port or starboard by chain or wire rope 
from the steering gear. As the rudder is turned, the end of 
the tiller slides in the block, and thus increases its effective 
length, whereby the turning moment is uniform for all 
angles of the tiller. 

The “work” to be done in putting a rudder over to any 
angle includes that required to overcome the moment of the 
pressure about the axis, and that needed to overcome the 
frictional and other resistances of pintles, bearings and steer- 
ing gear proper. The “useful work” is that done in over- 
coming the moment of the effective pressure on the rudder 
at each instant as it moves from amidships to the extreme 
angle. 

Normal pressure on rudder = 1.12 pounds X area X (VY)? 
Useful work W = normal pressure X 1% mean breadth X 
versin, a 7 = time in seconds in putting rudder hard over. 
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WwW 
Net horse power = ——-__— 
550 < T 
The force required at the end of the tiller to hold the 
rudder at any angle will, of course, depend upon the length 
of the tiller, and the mode of applying the force. In Fig. 9 
an ordinary rudder is shown. The resultant pressure upon 
it is P, acting through the center of effort C, of the immersed 
rudder area. AZ represents the tiller. Q equals force re- 
quired at its end. 
axe Ali Oe <epA nT 
Neglecting friction, the force Q at the tiller end will vary 
with distance A C of the center of effort from the axis of rud- 
der. On the same assumption the force Q may be determined 
approximately for any helm angle, if the distance A C is 
known, since the normal pressure P can be roughly estimated. 
M. Joessel, of the French navy, was led from his experi- 
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Fig. 6. Screw Steering Gear, S. S. Lancefield. 


ments to a very simple law that confirms previous practice, 
which is, that “for a rectangular plate hinged at its fore edge, 
and inclined at an angle a to the line of motion, the moment 
of the normal pressure about the axis divided by sin a is a 
constant.” Using the notation of Fig. 9, this law is as fol- 
lows: 
Pa eANCs— constantex. slnuG 

The constant in this expression is simply the moment of the 
normal pressure when the rudder advances at right angles to 
itself, which moment can be found by rules already given. 
If this law be accepted, an estimate for the force required 
at the tiller end at an angle a can be readily made. 
Again, according to M. Joessel the center of pressure of a 
rectangular plate is at a distance from its forward edge. 
d = .195 Bb + .805 sin a; at an angle of 385 degrees this 
becomes d@ = .37 b. As the center of gravity of a rectangle 
is at a distance of 1% b from the forward edge this distance 
would be .74 of the distance of the center of gravity from the 
forward edge. According to other authorities the pressure 
at any angle is approximately proportional to the direct pres- 
sure multiplied by the sine of the angle. This would make 
the moment on the rudder head at an angle a: 

Viana exer Am nies SIM) Cex Lon De (239) 2-61 sin a)5 
or since A X 14% b= m = the geometrical moment of the 


rudder about its axis: m = Va 


18.44 (.89 + .61 sin a) sin a 


m V?, Where C 

M = the moment in pound DN 
inches. A 

a = the angle of rudder to Q 
keel. 

m = the geometrical mo- 


ment of the rudder about its a 
axis in feet cubed. 
= velocity of water in feet 
per second. 
For an angle of 35 degrees this would be: 
Me—=13.449x< c14¢sim am V2: 

On the other hand, as above stated, the moment M is ap- 
proximately equal to the moment of the direct pressure multi- 
plied by the sine of angle a, hence M = 13.44, sina m Y’*. 
The preceding value is therefore only about % of that just 
given. 
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In the analysis of the trial of the U. S. S. “Minneapolis” 
steering gear the latter formula was used in determining the 
moments on the rudder head for every five degrees from 0 to 
Aya. 

Area of rudder 166 square feet. 

Moment = 975 feet cubed. 

Hence C0 G = 5.87 feet from axis. 

The following are the results in pound inches: 0 degree = 
0000000; 5 degrees = 1841300; 10 degrees = 3668500; 15 de- 
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Fig.10 Steering Gear of Steam Yacht ‘‘Aztec,’” Rear View’ 


grees = 5467900; 20 degrees = 7225500; 25 degrees = 8928300; 
30 degrees = 10563000; 35 degrees = 12118000. 

Let us now consider the transmission of this moment to 
the screw shaft, ‘“Minneapolis,”’ receiving the power of the 
steering engine. The engine in this ship is similar to the one 
of the Williamson type, described above. Speed 23.77 knots. 
or V = 40.15 feet per second. The steering engine of 
this vessel has two cylinders, 13 inches *X 10 inches, geared 
from the engine to the screw shaft with gears of ratio of 
17 to 70. The reducing valve on this trial was set at 75 
pounds per gage per square inch in the steam pipe. Adding 


Fig. 11. 


Steering Gear of Steam Yacht “Aztec,” Front View. 


7 pounds for the vacuum in the exhaust pipe we have a total 
of 82 pounds. To this apply the coefficient K of the maximum 
turning moment for a cylinder. of .35 or .70 for the two 
cylinders, then we have: Area of each piston A —132.73; 
radius = 5 inches; steam pressure 82 pounds. The moment 
on screw shaft is: 

Vitel SO Se Dee ar On <e, a= | DOSOUpDOUnGsinches, 

That is to say, the maximum turning moment which the 
engine could put on the screw shaft while running at a fair 
speed is about 156860 pound inches. 

In the steam trials of the U. S. S. “Brooklyn” the follow- 
ing conditions of the steering gear were noted: Area of 
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rudder, 184 square feet; moment 1194.4 feet cubed; hence 
CG = 6.5 feet from axis. Speed 20 knots, maximum rudder 
angle 35 degrees. The screw shaft was geared to the engine 
shaft by gears 17 to 70; therefore M—=13.44 X 1198.4 X sin 35 
degrees X V?. Now the speed of the “Minneapolis” was about 
20 knots, and that of the screw race 23.77 knots, equivalent 
to about 16 per cent. slip. The contract speed of the “Brook- 
lyn” was 20 knots. We will take the same slip and speed V 
as on the “Minneapolis,’ where V= 40.15 feet per second. 
We thus obtain: 

M, at 35 degrees = 169360 pound inches, without friction. If 
we allow an efficiency of the screw gear of 50 per cent. the 
moment which will be required to be produced on the 
screw shaft by the engine will be 338720 pound inches. 
This geared to the engine crank in the ratio of 
70 to 17 gives a moment on the engine shaft of 82262 
pound inches. Allowing 100 pounds steam per gage, 7 
pounds vacuum and coefficient K of 70, we have: Since 
KRAP=moment, RA=1098.6 inches cubed, hence the 
cylinder volume should be about 2196.6 cubic inches. 


Fig. 12. Steam Steering Engine, U. S. S. “Florida.” 


I have considered here somewhat at length the steam 
steering gear, and while incidental mention has been made of 
the hydraulic steering gear, yet another and very successful 
form of steering gear has been found in the substitution of 
electric motors for the steam engine. That this form of 
steering gear is a success is demonstrated by the fact that 
after being carefully investigated and tested, it has been 
fitted and specified for several vessels of foreign governments, 
notably in the cases of the Russian cruiser ‘“Variag,”’ and the 
Russian battleship “Retvizan.”’ The remarkable results ob- 
tained on trial of the former vessel, July 26th, 1900, may 
well be remembered, and the most successful operation of her 
steering gear during the voyage from the Delaware break- 
water to Vladivostok resulted in the electric steering gear 
being added to the specifications of one or two large vessels 
now building for the U. S. merchant marine. 

* * * 


A number of portable machines of an interesting type are 
in use at the Fore River shipyard. They are for counter- 
sinking the rivet holes in ship plates. The practice com- 
monly followed in shipyards is to have swing drills attachéd 
to the walls or supporting columns of the plate shed, which 
are in effect simple radial drills of great length of arm. The 
machines alluded to are mounted on two wheels and are pro- 
vided with a long handle for the operator. An electric motor 
is mounted on the truck to drive the vertical spindle carrying 
the countersinking tool. The spindle is located between the 
end of the lever and the wheels near the latter so that the 
operator has in effect a long lever feed handle by which he 
controls the machine. The lever is also used to move the 
machine around from one hole to another in the plate as it 
lies flat on the floor. Altogether the application of electricity 
making a portable tool for this work makes a very neat and 
apparently effective tool for this class of work. 
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THE MACHINE TOOL SHOPS OF CINCINNATI—THEIR CON- 
CENTRATION IN THE MILL CREEK DISTRICT. 


Ten years ago Cincinnati was one of a half dozen cities 
in this country well known in connection with the manu- 
facture of machine tools. Five years later it was one of 
three or four. To-day it leads the world; and a noteworthy 
feature of this remarkable development is that with few 
exceptions it has been confined to a strip of territory known 
as Mill Creek Valley, running north and south, and so narrow 
as to be readily shown in a single column of MACHINERY. 
Since 1894, when the movement to this machine tool section 
was begun by the Cincinnati Milling Machine Co., a score 
of manufacturers have built or are building plants in that 
territory—many of them new concerns that have leaped into 
prosperity during the last few years, and others who found 
the old quarters too small for their increasing business. 

We have been unable to show on the map the location of 
several of the largest Cincinnati tool manufacturers—notably 
the Bickford Drill and Tool Co., the American Tool Works 
Co., R. K. LeBlond Machine Tool Co., and the Sebastian 
Lathe Co., as these works are some distance from the sec- 
tion covered by the map; nor have we made any effort to 
include other large manufacturers who are not makers of 
machine tools, such as the Fay & Egan Co., the Bullock 
Electric Co., Laidlaw, Dunn, Gordon Co., Lane & Bodley Co., 
the object of the article being primarily to show the new 
machine tool section of the city. 

1—The Fosdick Machine Tool Co. was started in 1887 near 
the plant of the American Tool Works, and moved into their 
present plant in 1898. Their product is radial drills ex- 
clusively, and they employ about 100 men. Philip Fosdick 
is president, Thomas H. Richardson vice-president, and Will- 
iam Herman general manager. 

2—The Roach & Von Wyck Machine Tool Co. began in 
February, 1902, to manufacture lathes, and are just starting 
up in their new building on Elmore St. and C. H. & D. R. R. 

3—The Lodge & Shipley Machine Tool Co. was established in 
March, 1892, as the Ohio Machine Tool Works, Wm. Lodge, 
proprietor, and was incorporated in August of the same year 
as the Lodge & Shipley Machine Tool Co. Their present 
plant on Colerain Ave. was established in January, 1899, 
and gives employment to from 400 to 450 men, building 
lathes and their attachments exclusively. 

4—The Dietz Machine Tool Co. started in their new plant 
on Beard St., near Elam, in 1901 building engine lathes. 

5—The Oesterlein Machine Co. was started by William Oes- 
terlein in 1886 to manufacture friction clutches. In 1897 the 
manufacture of milling machines was added, and in 1899 they 
moved to their present plant at Beard and Hlam Sts., where 
they occupy about 11,000 feet of floor space, manufacturing 
plain and universal milling machines, cutter and tool grind- 
ers, and friction clutch pulleys. 

6—The Cincinnati Shaper Co. was established in 1898. They 
build pillar and traverse shapers exclusively, employing about 
90 mechanics. They are at present located on Sycamore 
St., but are building a new shop at Colerain Ave. and Hlam 
St., which they expect to have ready to occupy about the 
middle of October. Their new works will be 90 feet wide 
by 290 feet long, with a boiler and engine house 40 by 75 feet. 

7—The Belmer Machine Tool Co. built their present shop 
on Western Avenue near Hopple Street in 1900 and produce 
planers exclusively. 

8—John Steptoe & Co. was established in 1845, and on his 
death in 1888 the business was purchased by Mr. G. W. Otting 
and Mr. Adam Lauther, who ceased the manufacture of the 
general line of machine tools formerly made by Mr. Steptoe 
and devoted their entire attention to shapers. They now 
produce these machines of both the crank and geared type, 
making from 14-inch to 32-inch stroke. They employ 75 
hands. For many years they have been located at 75 to 79 
Elm St., but are now building a new plant on Colerain Ave., 
which they expect to occupy about October 1. The building 
will front on that avenue and extend to Jessamine St. in the 
rear. The main building will be 65 by 140 feet, two stories 
high, with two wings 50 by 100 feet each, one story high. 


September, 1902. 


NUL RR ES 
PN ee 


MACHINERY. a 


Y NC eSB e-Rock i 
Palin E A 
\ ‘2 » 
CEMETERY “% © 2 
A || we ies 
Z Hoffner | Sty ie 
t 
Sy) Sa) | 
Powers \e G 
= || | at 
4 | 
sg aa 
z a 
lr ta (= oar 
@ || |e] 
= Dreman 
= id M/S 
— 4, /Ralsto 
( 
\| 
K 
y, 
oe = \ 
V ml -Arington St. , a 
i = ‘ af (ie 
) : z XN 
)).. g\fe || E=—4 S 
If = SS 
yy 1 S 
| & ee = 
MS fF] # 
fl \|_ a 
©\ f/f Alabama_ Ave. 


\\ \ 
re) % a) 
| Lae 


Vy 


H 
\ 


Bae 
accu ce 
fe = 


i 
SS 


) \\x 


—-Hopple—5-st— 
iS 


Z 
£3 doa 


Bridge Ave, 
era 


Sri gst \ aes 


Cie 
\\\ 
ea 


OL 7 
\ ve ’ 


—Baltimor 


wy, 


FSS 


a Os 


i 


ANE, 


Xe, : 

\ \ oN 
a6 
@ 


" 


\ 


oe. 
‘en 


Vinton 


AmorPl- 


| 


Dayton. Stig Z0. 
Exeter St-— 
4 ‘G 
Lg . 
3 \\ 
q 
Poplar —St- 
Ls. 
nD 
g—Liberty. St. 
= FI 
g Bi 
i} ja) r 
g 
Flint; A—-St 


St. 


Ste 


[ 


Eighth 


St. 


The Machine Tool District ot Cincinnati. 
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9—The Rahn-Mayer-Carpenter Co. was established in 1895 
and located in their present plant on Spring Grove Ave. in 
1899. They build lathes exclusively from 16-inch to 32-inch 
swing, engine, turret, gap and pan lathes, employing about one 
hundred men. 

10—Smith & Mills located at their present plant, corner 
Spring Grove and Township Streets, in 1896, and make a 
specialty of crank and geared shapers. 

11—Greaves, Klusman & Co. was established in 1889 for the 
manufacture of woodworking machinery on West Second St. 
The personnel of the firm changed in 1898, W. A. Greaves, 
H. H. Klusman and Henry Korb succeeding the old firm of 
Greaves & Klusman; and in that year they began the manu- 
facture of engine lathes, 17, 19, 22 and 24-inch swing. 
The firm moved to their present shops, Cook and Alfred 
Sts. in 1899, and employ 100 hands on engine lathes 
and on a large line of woodworking machinery. 

12—The Cincinnati Milling Machine Co. had its origin in a 
partnership formed by Mr. Fred Holz and Mr. George A. 
Mueller in 1874. The business at that time was machine 
jobbing. Later the manufacture of screws, taps and dies was 
taken up and the company incorporated under the title of the 
Cincinnati Screw and Tap Co. Quite early in the existence 
of this company the need of a milling machine became ap- 
parent, and for lack of money a machine was built in their 
own shop, and from time to time others were built for some 
of their friends. In 1887 Mr. Fred A. Geier became associated 
with the firm, taking the office of secretary and treasurer. 
In 1889 the screw, tap and die business was sold out, and 
the manufacture of milling machines was taken up as a 
specialty. In 1891 they removed to their present location, 
Spring Grove Ave., Alfred and Cook Sts., erecting a two- 
story shop 50 by 120 feet, and inaugurating the movement 
to what is now the machine tool section of Cincinnati. Since 
that year a number of additions have been made to their 
land and buildings, and they occupy at present a plot of 
ground 170 by 240 feet, having a frontage on three streets, 
and practically all covered with buildings. Since 1889 the 
company has confined itself exclusively to the manufacture 
of upright knee and pillar type milling machines with 
power feeds, restricting its product to a limited number of 
sizes of these machines, which range in weight from 1,525 
pounds to 5,000 pounds. The manufacture of a universal 
cutter and tool grinder was taken up in 1888, in which year 
the company received its first order from the European field, 
the trade from which subsequently grew to very large pro- 
portions. During its history the Cincinnati Milling Ma- 
chine Co. has turned out about 4,000 milling machines and 
2,000 cutter and tool grinders. 

13—William Powell & Co., 2525 to 2531 Spring Grove Ave- 
nue, manufacturers of brass goods and specialties, were for- 
merly located in the old manufacturing section and were one 
of the first to move into the district shown on the map. Their 
location in this section preceded by several years the move- 
ment of the machine tool builders. 

14—The Knecht Bros. Co. occupy part of the Cincinnati 
Screw and Tap Co.’s building on Beekman Street for the 
manufacture of light drills. 

15—The Lunkenheimer Co., while not manufacturers of ma- 
chine tools, are building one of the largest plants in the Mill 
Creek section and on that account are entitled to mention 
in this article. This firm was established in 1862 and incor- 
porated in 1889. They manufacture valves of every descrip- 
tion, injectors, whistles, water gages, steam cocks, lubri- 
cators, oil pumps and oiling devices, employing over six hun- 
dred skilled mechanics, and are probably the largest manu- 
facturers in their line in the world. The ruled sections show 
portions of their works in process of erection. 

16—The William E. Gang Co. started in business in a small 
way in April, 1893. The following month the panic set in, 
but the young firm successfully struggled through it, and at 
the end of five years made arrangements to build a new 
plant on Queen City Ave., where they are at present located. 
They produce radial drills exclusively. 

17—Schumacher & Boye occupy a large plant on the corner 
of Queen City Avenue and Buck Street devoted to the manu- 
facture of lathes exclusively, from 18-inch to 42-inch swing. 
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18—The Dreses Machine Tool Co. was established in 1896 
on Buck St. near Queen City Ave. They make a specialty of 
radials, screw and turret machinery, and average about 110 
employees. 

19—The Cincinnati Planer Co. started in business in 1899, 
erecting the plant they now occupy. The original buildings 
covered a floor space of 10,000 square feet, but have since been 
added to so that they now have a floor area of 26,000 square 
feet. This company employs about 100 men, and builds metal 
planers exclusively, from 24 inches to 72 inches. 

20—The Cincinnati Machine Tool Co. was established in 
1899 at the corner of Western Ave. and Dayton St. They 
make a specialty of upright drills and build a complete line, 
ranging from 21 inches to 42 inches, inclusive. This firm 
employs between 50 and 60 men. 

21—The G. A. Gray Co., the largest manufacturers of planers 
in the country, were for many years located on Sycamore 
Street and moved in 1898 to their present plant, Gest Street 
and C. H. & D. R.R., which comprises three buildings aggre- 
gating some thirty thousand feet of floor space. 

22—The Bradford Machine Tool Co. was established in 1840 
by James Bradford under the firm name of James Bradford 
& Co. for the manufacture of mill machinery. In 1876, 
shortly after Mr. Bradford’s death, it was incorporated as 
the Bradford Mill Co. with Jacob R. Stewart as president, 
who had been with the company since 1866. They began the 
manufacture of machine tools in 1889, and this branch of 
their business grew until it was found expedient to discon- 
tinue the manufacture of mill machinery, so as to make room 
for the increased demand for the company’s machine tool 
product. They have been in their present location, Highth 
and Evans Sts. since 1881, and their entire works for a 
number of years have been devoted exclusively to the manu- 
facture of engine lathes, for which they employ about 60,000 
square feet of floor space and 200 men. The company’s name 
was changed in 1900 from the Bradford Mill Co. to the Brad- 
ford Machine Tool Co., and the officers are George F. Stewart, 
president, and W. T. S. Johnson, superintendent. 

The following plants are located in parts of the city not 
shown on the map: 

William Barker & Co. were established in 1880 and moved 
to their present plant, corner of Culvert and Pioneer Streets, 
in 1899. They manufacture lathes and shapers and employ 
about thirty hands. 

The A. Streit Machine Co. was established in 1892 and 
focated in their present plant in 1894. They manufacture 
boring machines, turning lathes and pulley tapping machines, 
and employ about twenty-five men. 

The Wais-King Tool Co., 39 East Third St., was incor- 
porated in 1901 and employs about 30 men, producing seven 
sizes of punches and shears and four sizes of vertical boring 
and turning mills. 

The R. K. LeBlond Machine Tool Co. were established in 
1887 and moved in 1888 to their present plant, 4621 Hastern 
Ave., which is at the other end of the city from the Mill 
Creek section. They employ 200 machinists and manufacture 
lathes and milling machines. 

The Mueller Machine Tool Co. started last April building 
radial drills, having a well-equipped shop at 216 West Pearl 
St., occupying about 5,000 square feet of floor space and 
employing 30 hands. Mr. Mueller of this firm was formerly 
of the firm of Dreses, Mueller & Co. 

The Sebastian Lathe Co. started in 1884 and. have been 
building engine lathes continuously since that year, which 
makes them one of the oldest manufacturers in that line in 
Cincinnati. They confine their product to the smaller sizes 
of engine lathes and to foot lathes, and are employing about 
45 men. 

The Bickford Drill and Tool Co. was established in 1874 
and employs 175 men, building radial and multiple drills ex- 
clusively. They have been in business in the present location, 
corner of Front and Pike Sts., ever since the company was 
started; but their plant has been entirely rebuilt during 
recent years. The officers of this firm are H. C. Hoefinghoff, 
president and general manager; Lewis G. Keck, secretary and 
treasurer, and H. M. Norris, works manager. 
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McCrosky & Huber, located at 208 Lawrence St., started 
in business about two years ago with very little capital, but 
through hard work have built up a prosperous business em- 
ploying about twelve men in the manufacture of universal 
adjustable reamers. Both members of the firm are practical 
machinists. 

The Hisey-Wolf Machine Co. are located at 77-79 Elm St. 
in the old manufacturing section of the city. This is prac- 
tically a new concern, which started in business January 1, 
1902, and manufactures portable electrically-driven center 
grinders, electrical bench grinders and_ electrically-driven 
sensitive drill presses. Their business has been remarkably 
successful in the short time they have been running. 

The American Tool Works Co. operate a large plant at 
Sixth St., Eggleston Ave. and Culvert St. in the older manu- 
facturing section. The original plant was established twenty 
years ago and was among the pioneers in machine tool manu- 
facture in Cincinnati. The increased demand for their tools 
has necessitated a steady expansion of factory facilities until 
the plant as it now stands comprises a total of about 100,000 
square feet of available floor space and gives regular employ- 
ment to between six and seven hundred men. The American 
Tool Works Co. build engine lathes, planers, upright drills, 
radial drills, shapers and boring mills. Under the present 
system of shop management the works are divided into dis- 
tinct departments—Department A, entirely devoted to the 
construction of small lathes; Department B, to large lathes; 
Department C, entirely to planers, and so on throughout the 
different work. 

A detailed estimate by competent authorities places the 
total annual value of the product turned out by the thirty 
machine tool manufacturers mentioned above, at $5,046,000. 

? Ka Re 

The Cramp shipyard in Philadelphia, says a history of 
the enterprise’*just issued by the William Cramp & Sons Ship 
and Engine Building Co., was founded in 1830 by William 
Cramp, who remained at the head of the company for 49 
years. From a very small affair the main shipyard now 
covers 46 acres, with docks covering about 6% acres, or 52.4 
acres in all. The principal building is 1,200 feet long, 72 
feet wide, with a ground and floor space of 460,000 square 
feet. It employs a maximum of 8,000 men. Counting vessels 
under construction, the Cramp shipyard has built 321 vessels 
and 220 engines. Of these vessels 25 have been United States 
steam warships, constructed at various dates since 1861, and 
including the New Ironsides, of the Civil War, and the new 
battleships Iowa, Alabama, Maine, Colorado and Pennsylva- 
nia, the three last not yet completed. -One Japanese and 
six Russian warships have also been built at the same yards. 


—Hngineering News. 
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HYDRAULIC TESTING MACHINE. 

The accompanying half-tone illustrations are from photo- 
graphs of a large, horizontal hydraulic testing machine, re- 
cently built by the Riehle Bros. Testing Machine Co., Phila- 
delphia, Pa., for John A. Roebling’s Sons Co., Trenton, N. J. 


Fig. 1. 


Testing Machine from Anchor End, 


As the machine was ordered primarily for testing the cables 
used in the construction of the new Brooklyn Bridge, now in 
process of erection, it- has a timely interest apart from its 
mechanical features. 
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The machine has a capacity for testing specimens in ten- 
sion 18 feet long between the center of pins or shackles. The 
tensile stress is produced by means of a large hydraulic cylin- 
der, in which the plunger has a travel of four feet to take 
up the slack and stretch in the cable. In Fig. 3 are shown 
details of the testing machine. The hydraulic cylinder, £, 
is suspended from the arched girders, H H, by links, and is 
free to swing slightly in an endwise direction. The cable is 
held by the pins P P and when pressure is applied in the 


| 
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poise is propelled by means of a screw, either by hand or auto- 
matically, as desired. The readings are by 5,000 or 10,000 
pounds on the beam and 50 or 100 pound marks, as desired, 
are noted on a dial. The piston rod is seven inches in diam- 
eter, and the walls of the cylinder are 10 inches thick. A 
three-plunger hydraulic pump is furnished which operates 
under a pressure of 3,500 pounds per square inch. The pump 
is belt-driven, feeds into a reservoir to maintain a constant 
pressure, and is provided with a safety valve so attached 


Fig. 2. General View of Machine for Testing Strands of Brooklyn Bridge Cables. 


cylinder the plunger moves to the left and the cylinder tends 
to move to the right, but is checked in its movement by the 
yokes, which hook over the knife edges 2 2, of the weighing 
apparatus at the left end of the machine. There are five 
levers in the weighing apparatus, marked A, A, B, C and D. 
Those at A, A are just alike and have fulcrums at 3, 3, while 
the stress due to the load on the machine is applied at points 
2, 2, as mentioned above. The scale beam is at D and the 
connections between this and the primary levers, A A are 
clearly indicated. Two springs, S S, serve to retain the cyl- 
inder in its normal position to absorb any shock upon break- 
ing a specimen. 


that it cannot become deranged. The pump is not shown in 
the illustrations, but is connected directly to the pipe appear- 
ing in both half-tone cuts. 
me es SS 

A newspaper account says the largest locomotive in the 
world, recently built for the Santa Fe to haul freight over the 
Step Raton Mountain Road, was piled in the bottom of a 
cafion at Seymour, N. M., July 29, under twenty-eight freight 
cars, which it was unable to control on the steep grade. An 
unusually long train was being taken over the mountain with 
three engines, two in the lead and the giant pushing. The 
train broke in two three times near Wooton, the part last 
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Fig. 3. Detail and Sectional View of Testing Machine. 


While this particular machine is intended for specimens 
only 18 feet long, it may be adapted for cables of lengths as 
great as 100 feet, for example, in which case the plunger 
would be given a travel of six and one-half feet to allow for 
the stretch and slack in the cable. For these increased 
lengths the weighing and pulling end and the anchor end re- 
main the same, with the exception of the length of the cylin- 
der, and separating columns having a total greater length 
are placed between the two ends. The machine has a capa- 
city of 800,000 pounds. The beam is arranged so that the 


time occurring two car lengths behind the second engine. 
The jolt started the long train back down the steep grade, the 
big pusher being unable to hold it. Engineer Leason whistled 
for brakes, and the two brakemen hurried about the task. 
They had tightened about twenty of the brakes, but the train 
was gaining headway every second, and they jumped for 
their lives. The train continued on its mad course for about 
three miles, and left the rails on a bridge 100 feet long and 
50 feet high, near Seymour. The engine and all the cars 
piled over the structure and went plunging down the cafion. 
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STEAM MOTOR TRUCKS. 


DESCRIPTION OF THE STEAM TRUCKS MADE BY THE 
MORGAN MOTOR CO.. WORCESTER, MASS. 

During the past few years good progress has been made 
in England, France and Germany in the development of 
power trucks, but in America nothing worthy of note has 
been accomplished up to within the last two years. A num- 
ber of automobiles designed to carry one or two tons had 
previously been built, but so far as we know none had given 
satisfaction. More recently, however, increased attention has 
been paid to the practical economy of motor-driven trucks, 


Fig. 1. Steam Truck built by the Morgan Motor Co. 


and it is quite certain that the number which will be manu- 
factured and used by different firms will rapidly increase. 
One of the most interesting developments in this line in 
this country is the steam truck now manufactured by the 
Morgan Motor Co., Worcester, Mass. In the fall of 1900 
Mr. R. L. Morgan, a mechanical engineer who had given 
much attention to automobiles in general, and commercial 
automobiles in particular, went to Hurope on a tour of in- 
spection. He investigated thoroughly all the trucks made 
upon that side of the water, and as a result, purchased, just 
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Being at that time in the employ of the American Bicycle 
Co. as manager of their Toledo plant, Mr. Morgan had built 
there under his patents six trucks. These were started and 
nearly completed, when, at the beginning of the present 
year; he retired from the American Bicycle Co. and formed 
the Morgan Motor Co. The trucks were finished in Toledo, 
all six of them run up planks under their own steam onto 
cars and shipped to Worcester, Mass., where a small but 
up-to-date plant had been installed. All six of these trucks 
have been in successful operation, and through them Mr. 
Morgan believes he has demonstrated that hauling, which up 
to now has been done by horses, can be satisfactorily accom- 
plished by steam trucks, and, not only satisfactorily, but at 
a cost much less than by the old methods. 

In substantiation of his conviction in the matter he has 
sent us a brief history of the truck which was brought from 
England. He says: “At the time of its shipment to America 
it had already run some 20,000 miles. Part of that time it 
was working for a wholesale merchant in London, and part 
of the time for one of the large newspapers. While working 
for them the truck was run twenty-two hours a day, and 
its boiler was never cool from 12 o’clock Sunday night until 
12 o’clock the following Saturday night. It ran this way 
for nearly six months. This was particularly exacting work, 
in that there were trains to catch, which meant the loss of 
considerable money if one were missed. 

“On reaching America the truck was shipped to Toledo, 
O., where it was put into the regular service of the American 
Bicycle Co. It was found that the machine could easily do 
the work of a two-horse and a one-horse team, starting out 
about eight or half-past in the morning, taking an hour and 
a half off at noon, and being laid off by half-past four every 
afternoon. The machine, during that time, was frequently 
overloaded, and it was taken over some of the poorest roads 
which any American city can show. Hills are a minus 
quantity in Toledo, but the truck carried 6,500 pounds up a 
16 per cent grade, which was the steepest that could be found. 

“In the fall of 1901 the truck was taken to New York 


Fig. 2. Six American-built Trucks, after the Design of the Liquid Fuel Engineering Co., England. 


before his return, a complete set of drawings and the rights 
to manufacture the steam truck then built by the Liquid 
Fuel Engineering Co. of England. He picked this out as 
the most promising machine to be found, and the one best 
adapted to the more exacting requirements of our roads and 
climate. He procured at the same time a truck which had 
been in use for some three years, and which had traveled 
some twenty odd thousand miles. This was to be a working 
model, and a machine upon which all experiments could be 
tried, with the idea that when new trucks were completed 
it would be known that all changes made were for the better. 


and started in the Endurance Contest between New York and 
Buffalo. Although it did not qualify, even at the end of the 
first day’s run its showing was very satisfactory. The start 
from the club house of the Automobile Club of America 
was made at 7 o’clock Monday morning, and the town of 
Croton, which was 35 miles distant, was reached at quarter 
before twelve. The road contained some hills of 15 per cent 
grade and also some sandy stretches. At Croton, in turning 
out for a team near an embankment, the road gave way and 
let the truck down to the axles. In extricating the machine 
one of the boxes on the intermediate shaft was broken. The 
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truck, however, proceeded as far as Peekskill, where the 
necessary repairs were made. Where the roads were hard 
the truck traveled as fast as 15 miles an hour, and showed 
itself equal to climbing a 20 per cent grade. That, however, 
was its limit. The machine was greatly delayed by soft 
roads, and many times sank to the hubs in mud. The re- 
versing of the engine with high pressure steam on both 
cylinders and the rear wheels hub deep in mud was an 
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Fig. 3 gives a plan of the machine. The boiler B, which is 
of the water-tube type, is hung just ahead of the front axle, 
and also of the operator. The engine £# is centrally located, 
and is tied rigidly to the main frame. Power is transmitted 
through beveled gears a and a telescopic shaft g to an inter- 
mediate shaft OC on which is the compensating gear. On the 


new trucks there is a clutch for locking the compensating 
gear which is not shown in the cut. 


Pinions on the ends of 
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Fig. 3. Plan of Frame Showing Location of Machinery and Connections. 


the intermediate shaft mesh with internal gears on the rear 


ordinary occurrence. That, of course, meant that the truck 
was undergoing about as heavy a strain as could be put on 
it. Nothing, however, gave way. Albany was reached 
Saturday night with the truck in good condition. As the 
contest was declared off, the machine was shipped by train 
from Albany to Toledo. From then until the time it was 
shipped to Worcester, Mass., with the other trucks, it ran 
steadily at the Toledo factory, and it is to-day in operation 


| 

T 

| 

i 
ee ee 


wheels. The exhaust steam from the engine passes to the 
feed-water heater D, which contains 55 feet of copper tubing. 
From D the steam goes to F, which is a centrifugal separator. 
What steam escapes from F is carried to a perforated coiled 
pipe at the top of the boiler, where it escapes into the stack 
with the products of combustion. The condensed water 
which collects in the separator is returned to the tank T. 


Se 
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Fig 4. Side View of Frame. 


in Worcester. After nearly five years of service, and after 
having traveled over 25,000 miles the truck is practically in 
as good shape as when it was turned out from the factory.” 

The six four-ton trucks are, with the exception of a very 
few points, copies of the original. They are, however, a 
little stiffer all the way through. 


Fig. 5. Side View of Engine. 


The frame is supported by elliptical springs in front and 


semi-elliptical in the rear, and is of 4-inch channel iron. The 
front axle is of 2-inch forged steel; and the rear axle of 
2%4-inch. The wheels are of a special type. They have 
metal hubs and wooden spokes, which are set in metal spoke 
sockets, riveted onto a %-inch inside steel tire. Wooden 
felloes and 6-inch tire for the rear wheels and 414-inch for 
the front wheels, complete perhaps the strongest wheel that 
is at present in use for automobile work. 


This tank holds 100 gallons. The two tanks 0, at the rear, 
contain fuel oil, and together hold 56 gallons. K is a Worth- 
ington duplex pump, which may be used for filling the boiler 
when the truck is standing. 

The driver sits at the right hand side of the vehicle, and 
the auxiliary air pump, the link lever, the main throttle, and 


Industrial Press, N.Y. 


Fig. 6. End View of Engine. 


that for admitting live steam to the low-pressure cylinder, 
the duplex pump throttle, and also the valve for regulating 
the water supply, are at his right hand. The machine is 
steered with a lever, since it has been found that such action 
is much quicker than that of a wheel, and that the machine 
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is small enough to handle in that manner. Fig. 4 gives a 
side view of the machine. 

The engine is of the horizontal, cross compound type, the 
cylinders being 3 inches and 6 by 5 inches. The cylinders 


are separated from the main case, which encloses all the 


i i 


Fig. '7. Compound Engine, with Casing Removed. Cylinders, 3 and 6x5 inches. 


working parts, by a spreader or intermediate frame which 
admits of the packing of the glands, both on the main case 
and the cylinders, without disturbing any of the other parts. 
It also prevents the formation of water in the engine case 
from leakage in the piston rod packings. The main case is 
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Fig. 8. Encased Bevel Transmission Gears. 


made of very stiff bronze. The crossheads are of phosphor 
bronze and run in steel slides, and the connecting rods are 
of forged nickel steel. The main engine crankshaft is also 
forged from a single piece of nickel steel, and is made amply 
strong to withstand any strain which may be put upon it. 


@ 
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Fig. 9. Compensating Gear. 


The working parts of the engine run in oil. They are easy 
of access, in that practically the whole top of the case may 
be removed by the loosening of one nut. The air and the 
water pumps are driven by a pinion on the main engine shaft. 
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They are both single acting and of ample capacity for the 
work required of them. 

Fig. 5 is a side view of the engine on the pump side. 
Fig. 6 is an end view from the rear. From these two cuts it 
will be seen that the engine is very compact. 

Figs. 8 and 9 show the transmission gears, Fig. 8 being 
the bevel gears at the engine end, which are enclosed in a 
metal case and run in oil. C is the telescopic shaft, it being 
through this that the motion of the springs is taken up. Fig. 
9 shows the compensating gear and also the main driving 
gears which are upon the intermediate shaft. The clutch 
for locking the compensating gear, which has been mentioned, 
is not shown in the cut. 


Fig. 10. Boiler with Shell Removed, showing Tubes. 


Hither kerosene or fuel oil may be used for generating the 
steam, and one mile with full load can be made on three- 
quarters of a gallon. The supply of oil is adjusted by an 
automatic regulator, very much after the pattern of those 
used in the ordinary steam carriage. The water tank is good 
for about 25 miles of steady running. The ordinary stops 
of the vehicle, however, in a day’s work will considerably 
reduce the mileage per tank. 

The average speed of the truck is from six to ten miles 
per hour, and it can be handled at these speeds even in 
crowded streets. Given a good level road and no traffic twelve 
miles an hour can be made. This is an important point 
when figuring the economy of the machine, in that it means. 
that the truck hauling as much as would make a load for 
one two-horse team can do the work of three or even four. 
Furthermore, it is possible to run the machine 20 to 22 hours 
a day, whereas a horse-drawn vehicle can be operated at 
the outside but 10 hours. 

* * % 

In the discussion at a meeting of the Engineers’ Society of 
Western Pennsylvania, the fact was brought out by Peter B. 
Wight, consulting architect, that corrosion in steel structures 
is not as serious as supposed. He said’ “In an extreme case I 
have seen I-beams taken out of a building which were put in 
in 1858, and were exposed to leaking water from 1858 to 1870. 
That is 12 years. During those years I do not think there 
was a particle of corrosion in the parts of the beams not ex- 
posed to leaking water. In the parts exposed to leakage which 
I measured there was not more than 1-16 of an inch of loss on 
both sides. They were beams used to support a water-tank in 
Chicago. A water-tank is always sweating and is always 
damp. In the center I could not see any deterioration at all, 
and the beams were just ‘as good as when they were put in. 
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ENGINEERING REVIEW. 


A SYNOPSIS OF CURRENT TECHNICAL LITERATURE. 


Mr. W. C. Leland, a machinist of Brooklyn, referring to our 
inquiry Some time ago for a spring made of a substance 
which would not be affected by heat, says the American Ma- 
chinist, has sent us some pieces of mica arranged to act as 
a flat spring, and he says that a mica spring continues to 
act aS a spring when exposed to very high temperatures. 
The specimen sent us acted as a spring when held in a gas 
flame and continued to so act as long as the test was made. 
Of course, aS many layers of mica may be superposed as is 
necessary to get the desired thickness, and for experimental 
purposes at least we would imagine that such a spring may 
be quite useful. 


The boiler of a B. & O. locomotive exploded at Ravenna, 
Ohio, July 23, killing the engineer. The boiler was lifted ver- 
tically off the frames and truck, leaving all the running gear 
and cylinders on the track. It was carried forward directly 
over the track a distance of 70 feet where the front end 
struck the ties and buried itself five feet in the ground, break- 
ing a 90-pound rail squarely in two. The fireman asserts that 
the water glass showed three gages of water and that the in- 
jector was working at the time of the explosion. The illustra- 
tions of the wreck published in the Railway Age show that the 
crown sheet gave way. The crown sheet showed that it had 
been burned; the crew claimed that this was due to a fire being 
started in the boiler at some time previous when there was no 
water in the boiler! An engine of the same class belonging to 
the same road exploded three days later at Connellsville, Pa. 
The boiler first mentioned bore general evidence of structural 
weakness and neglect. 


EVOLUTION OF THE COAL CAR. 


Mr. F. F. Gaines, M. E., of the Lehigh Valley R.R. exhibits 
photographs in the Railway Master Mechanic, which show 
graphically the growth of the coal car on that railroad during 
the past 36 years. The first cars of 6-ton capacity were built 
in the summer of 1863. Their weight was 314 tons, and 
capacity 12,000 pounds. The next step was in 1877, when 
20-ton cars were built, with a capacity of 40,000 pounds, and 
an average weight of 20,530 pounds. In 1884 came the 25- 
ton cars, with a capacity of 50,000 pounds, and weighing about 
23,590 pounds. The first 30-ton car was built in May, 1887, 
with a capacity of 60,000 pounds, and about 27,490 pounds’ 
weight. By the early fall of 1899 the size of cars had in- 
creased to 40 tons, the load 80,000 pounds, and weight about 
36,650 pounds, and in November of 1899 were built the 50- 
ton all-steel cars, with a total capacity of 100,000 pounds, 
and weighing 37,420 pounds. 


PROPERTIES OF SELENIUM. 

In reply to a correspondent’s inquiries regarding the proper- 
ties of selenium, the Scientific American says that it is not 
a metal but an elementary substance which in its ordinary 
condition is a brittle solid of a glassy lustre and fracture and 
a brown color. It melts at about 430 degrees F., vaporizes at 
about 1,300 degrees, and burns with a blue flame, giving out 
an odor resembling that of putrid horseradish. Ordinary 
selenium is a very poor conductor, having an electrical re- 
sistance 37,500,000,000 times that of copper. When annealed 
for several hours at a temperature just below its melting 
point, with subsequent slow cooling, it forms a crystalline 
substance with a lower resistance. It is now sensitive to 
light. Its resistance is reduced, not increased, in proportion 
to the square root of the illumination; and also the effect is 
greater with a high electromotive force than with a low one. 
Narrow strips of annealed selenium are formed between the 
edges of broad plates of metal, so that the cross section is 
considerable, and thus the resistance is reduced while the 
area exposed to light is considerable. This is a “selenium 
cell.” When the light strikes it, its resistance may be reduced 
as much as one-half, A cell whose resistance in the dark was 


300 ohms dropped to 150 ohms in the light. Such a ¢ell is 
not a generator of electricity, but a measuring instrument for 
determining the intensity of light. 


FRENCH LOCOMOTIVE PRACTICE. 

In the July issue there appeared a brief note on the pre- 
vailing American practice of machining parts of machines 
which do not of themselves require to be machined, but which 
is done to save time in erection or subsequent operations. In 
the description of the building of a first-class locomotive at 
the famous Belfort locomotive works in France published in 
the Engineer, statements are made that indicate such practice 
is not followed there. The sides of the locomotive frames are 
not ground or planed, but are left rough. Consequently when 
the frames and motion work is erected it has to be done en- 
tirely by reference to stretched lines and gages. Lines and 
special squares are also used to test the parallelism and 
squareness of the frames. In these shops milling machines 
are generally employed for surfacing operations, in prefer- 
ence to shapers, planers and slotters. Tapping staybolt holes 
and reaming rivet holes is done by power, the power being 
conveyed by means of rigid splined shafts driven by bevel 
gears. Flexible shafts or pneumatic motors do not appear to 
be used. The staybolts are made of either manganese bronze 
or copper, preferably of the former metal. 


VANDERBILT FIREBOXES COLLAPSE BECAUSE OF 
DEFECTIVE CIRCULATION (?) 


Charles F. Prescott, a locomotive engineer on the Santa Fe 
Pacific R. R., has communicated to the Railway Age a sug- 
gestion which he believes would, if adopted, greatly improve 
the Vanderbilt boiler, especially when used with fuel oil. Sev- 
eral of the Vanderbilt fireboxes have collapsed in service, but 
not because of structural weakness so much in his opinion as 
because of defective circulation. He has noticed that with two 
full gages of water the water level will fall to a scant gage 
when the throttle is opened and the water will not return to 
the normal level until the throttle is closed. The contemtion 
is that the fireboxes of these boilers repel the water in all di- 
rections, bottom as well as top, when burning liquid fuel, and 
that as a consequence the top portion of the firebox is often left 
bare. A circulation pipe is advocated having sufficient capacity 
to carry the water from the front end of the firebox by an 
exterior route, the circulating pipe being connected to a mud 
drum in front and the lowest part of the firebox at the rear 
with, possibly, intermediate connections with the barrel of 
the boiler between these points. These boilers are said to be 
poor steamers, although they have large heating surfaces; so 
the suggestion that defective circulation may be one cause of 
the trouble is worthy of consideration even if the means sug- 
gested for its improvement is not. 


BOATS BUILT SO AS TO BE TRANSPORTED IN SECTIONS. 

It is always a cause for considerable wonder to the average 
person as to how the large steel steamships which ply the 
inland lakes have been constructed, since they obviously 
must be carried to the waters on which they are to ply, in 
sections small enough to be placed on a railroad car. Lately 
there was a description in Marine Engineering of the process 
of erecting a boat that had been shipped in sections to Lake 
George, N. Y. This was reprinted, in part, in the Philadel- 
phia Record, and called out a communication to that paper 
by J. A. Robinson, of Marshallton, Del., with regard to early 
work of this description. His father, Thomas M. Robinson, 
was engaged in the years 1850-57 in building side-wheel 
steamboats at Newcastle, Del., which were afterward shipped 
to California. He writes: 

The hulls were wood, and two of the boats, after having 
been launched and given their trial] trips, were taken apart 
and loaded on sailing vessels and sent around Cape Horn 
to California, where they were rebuilt. Had they been built 
in the regular way, with heavy rib timbers and planking 


spiked or treenailed to them, this would probably not have 
been possible. These hulls were built somewhat on the principle 
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of a hooped barrel. They were not “whale backs,” but were 
flat-decked, as other boats. Iron or copper hoops were 
used outside of the planking in a manner that not only did 
away with a great deal of timber in their construction, but 
avoided the necessity of calking the seams. This style of 
building originated with my grandfather, who built several 
small sailing vessels before my father entered into the build- 
ing of larger sailing vessels and steamboats, and on account 
of the accuracy required in building such, the art virtually 
died with my father, no one else having made a success of it. 

These boats sent to California fifty years ago may even 
at this time be in service, as two others built in the early 
60’s are in comparatively good condition and still in service 
on the Chesapeake Bay. 


Mr. Robinson contends that this was a greater feat than 
building iron or steel boats for service in inland waters, in- 
asmuch as the latter are merely set up in the builders’ yards 
and not launched as were the builders’ boats. 


HOW TO MAKE SMALL CASTINGS WITHOUT A CUPOLA. 
The English Mechanic, 1902. 

The English Mechanic says that many mechanics have no 
doubt heard of a somewhat mysterious substance known 
generally by the name of “thermit.” This is nothing more 
than a mixture of aluminium and an oxide of iron mixed in 
proper proportions. If a portion of this mixture is raised 
to a higher temperature, the aluminium extracts the oxygen 
from the oxide of iron, reducing the iron to the metallic 
state, and becoming itself oxidized to alumina. The heat re- 
sulting from this oxidation of the aluminium, even though 
the iron is deoxidized, is so great that not only is the re- 
action propagated through the whole mass of thermit pres- 
ent in a very few seconds, but the resulting pure iron and 
alumina slag are quite fluid, and have a temperature of about 
3,000 deg. Cent. (5,400 deg. Fahr.). Iron at this temperature 
is so unnecessarily hot that 20 to 25 per cent. of clean 
wrought-iron punchings or scrap may be added to the thermit, 
and it, too, will be melted, and so about double the yield of 
iron, since thermit produces about half its weight of iron. 

In order to make use of thermit for our special purpose, the 
required quantity is put into a crucible, which is made simply 
of sheet-iron with a refractory lining. There is a small tap- 
ping-hole at the bottom of the crucible, which is covered with 
a wrought-iron punching about as big as a silver quarter dol- 
lar and perhaps 1%-inch thick, this again being covered with 
14-inch or so of dry sand. The thermit, mixed with the 
wrought-iron scrap—which, however, must be perfectly free 
from oil—is then placed in the crucible, and about half a tea- 
spoonful of a special igniting powder is placed in a little heap 
on the top. The crucible is supported in some convenient 
way, with the tapping-pole directly over the mould. A small 
iron rod is supported by the aid of a lever, so that it can be 
jerked up through the hole and displace the iron blank when 
the iron is ready to run. When all is ready, a fusee is pushed 
into the igniting mixture. The reaction may be watched 
through a dark glass (some protection to the eyes being neces- 
sary), and as soon as a quiet glowing mass is seen, free from 
bubbles, the time has arrived for tapping the crucible. The 
rod is jerked up, and the iron immediately runs into the 
mould. The lever should be quickly jerked to one side; other- 
wise the end will be melted off by the hob iron. 

A few words may be added as to the mould. The ordinary 
sand mould answers well with small castings. It is best to 
dry it thoroughly, and it is well to paint the surface with a 
mixture of blacklead and water while hot. It is well, where 
possible, to lead the runner into the mould at the bottom, and 
to provide a riser for the escape of a small amount of metal. 


Further, as the slag formed occupies about three times the 


volume of the thermit iron or about one and a half times that 
of the t6tal iron, it is well to provide a channel outside the 
mould in’loose sand, by which the slag and any superfluous 
iron may escape. 

Where it is required to fill a defect in a casting, or to melt 


a piece of iron for any purpose onto a casting or a forging, 


a mould must be extemporized and placed in position, and 
the iron run in so as to pass over the metal, which it will 
immediately melt on the surface, and with which it will unite. 
There is one precaution here, however, which should not 
be overlooked: if the mould is warm and is not absolutely dry, 
it would be sure to deposit moisture on the cold iron, which 
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might lead to a serious accident. It is a precaution, therefore, 
whenever running thermit iron on cast iron, steel, or wrought 
iron, to warm the metal first to a temperature which is at 
least hot to the hand, to prevent such condensation of moist- 
ure. The thermit iron produced as described above works in 
the lathe and under the file like the mildest steel. 


NEW EDISON CEMENT PLANT. 
Scientific American, 1902. 


The extensive and growing use of concrete construction 
in almost all branches of engineering work makes the an- 
nouncement of the starting of the large Edison cement plant 
at New Village, near Stewartsville, Pa., of general interest, 
especially as the new process is promised to greatly cheapen 
the price of Portland cement, rumor having it that the first 
cost will be so little as fifty cents a barrel. A force of over 
300 men will be employed from the start, which is expected 
to be materially increased when the business is under way. 
Regarding the new process and the plant the Scientific Ameri- 
can Says: 

“After conceiving the idea of improving upon the old proc- 
ess and discovering an inexhaustible deposit of cement rock 
at Stewartsville, Mr. Edison formed a company. This was 
more than two years ago, and since that time about sixty-six 
men have been at work constructing the twenty-seven build- 
ings and installing the machinery. The plant, which is one 
of the largest of its kind in the United States, covers a space 
half a mile long, and one-quarter of a mile wide. It has thus 
far cost over a million and a half dollars. The machinery 
is built for a capacity of 10,000 barrels per day; but the 
buildings were made to accommodate half that amount at 
the start, and if the business proves successful the plant will 
be increased to its fullest capacity in a few years. There are 
twenty-seven buildings and the roasting-house is separate 
from the others. All the others are connected by a deep 
tunnel half a mile long, fifteen feet wide and twenty-five feet 
deep. The stock-house contains two 600-foot corridors, one 
above the other, and connected by big flues. There the ce- 
ment rock will be roasted and prepared for the refining proc- 
ess. From that building starts the tunnel mentioned. The 
raw material will be conveyed by means of an electric rail- 
road through the tunnel from the stock-house to the crusher, 
and thence to the dryer. The tunnel is made of solid rock 
walls and paved with concrete. The dryer is a simple stone 
shaft twenty feet square and forty feet high. Inside is a 
series of drying pans. 

“The crusher is located in a building four stories high, the 
two sides being of solid masonry, ten feet thick at the bot- 
tom and five at the top. The floors are of steel construction. 
The machinery is capable of crushing 25,000 barrels of cement 
rock every twenty-four hours. The rollers have a pressure 
of 100,000 pounds to the square inch. In order to get results 
Mr. Edison made use of a discovery by means of which, with 
the aid of pulleys worked in connection with air compressors, 
he could get the great pressure directly upon the steel rollers 
with less than 1,000 pounds pressure on the bearings. All the 
cement rock will be transported through the tunnel as it is 
moved from one building to another. The raw material is re- 
ceived at the roasting-house and there the cement rock will 
be roasted and prepared for the secret refining process in- 
vented by Edison, and which is expected to revolutionize the 
cement industry. Before the product is again handled by 
hand it will automatically travel several miles through the 
many buildings. One hundred and twenty-five electric 
motors are used in the plant. When the last stage of the 
process is reached the cement will flow into barrels, in a 
building through which several railroad tracks pass, thus per- 
mitting the barrels to be loaded as fast as filled. All the 
buildings are of steel, covered with corrugated iron and 
painted black.” 


HYDRAULIC ELEVATORS FOR OFFICE BUILDINGS. 
Engineering News, July 31, 1902, p. 74. 

In an article in the Hngineering News on the selection and 
installation of hydraulic elevators, Henry D. James says that 
elevators for office buildings are generally made 5 or 6 feet 
square and that a load of 75 pounds per square foot of floor 
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area must be allowed for in all passenger elevators. Also that 
cne elevator, approximately, is required for each 25,000 square 
feet of floor area. This ratio, however, varies greatly according 
to the location of the building, the demands on the service 
being much heavier in the vicinity of stock exchanges than 
in some other localities. The speed depends on the height of 
the building; 300 feet per minute being fast enough for a 
ten or twelve-story building, and double that, or 500 to 600 feet 
for twenty-story buildings. Asa matter of fact, however, it has 
in many cases been found advantageous to reduce this to 400 
feet per minute for local elevators, as the lower speed was 
more agreeable to the passengers and the service nearly 
equally as efficient since more time is consumed in stops than 
is taken by the vertical travel. Of course higher speed is de- 
sirable for.express service. Hydraulic elevators are made with 
both vertical and horizontal cylinders. Each type has its ad- 
vantages and disadvantages. The vertical type has a lower 
gear, therefore less friction, and takes up less floor space. 
The cylinder can be placed in the elevator shaft back of the 
car so that only the pumping plant need be placed in the 
basement. The cylinders rarely exceed 40 feet in length, and 
generally their length is not more than 30 feet. Where the 
horizontal cylinder machine is used, it is placed in the base- 
ment, but a number can be stacked one on top of the other so 
that the floor space required under these conditions is not 
great. All horizontal machines require a separate counter- 
weight to partially balance the weight of the car and the same 
is true of all vertical machines where the ratio of the gear is 
greater than 4 to 1. The unbalanced weight of the car must 
be sufficient to overcome all friction of the gear and cause the 
car, with the weight of the operator, to descend at about the 
same speed at which it is required to rise. The modern office 
building elevator car often weighs from 3,000 to 4,000 pounds, 
which requires 500 pounds or more unbalanced weight. Both 
types should have a chain attached to the bottom of the car 
to compensate for the weight of the rope lifting the car. The 
object of the chain is to compensate for the weight of the 
rope as it shifts from the car to the machine. Thus when the 
car is at the bottom of the shaft, all the weight of the rope 
is added to that of the car and vice versa, when it is at the 
top none is included. The chain exactly compensates for the 
varying load of the rope. In some cases the chain is omitted 
and a column of water exhausting against an increasing back 
pressure is used to compensate for the weight of rope; but 
this is not recommended. There should never be less than four 
lifting ropes for a passenger elevator attached to a hydraulic 
machine, and these should have a factor of safety of ten to 
one. Wrought iron rope with a center of hemp is preferred to 
steel, strangely enough. The reason given for this preference 
is that wrought iron rope is more pliable than steel, and that 
there is no guarantee if steel rope is used in the start that it 
will not be replaced with iron by the repair men, so it is con- 
sidered safer to calculate on iron in the beginning. In addition 
to the regular safety stop placed in the bottom of the car, 
stops should be provided at each limit of the travel so that 
cars will be automatically stopped even if the attendant neg- 
lects to do so. Hlevator cars are often provided with an emer- 
gency lever which enables the operator to grip the vertical 
guides attached to the sides of the elevator well in case an ac- 
cident occurs and the ordinary device fails to work. Speed 
controllers are also employed which automatically check the 
speed of a car if it exceeds a certain limit. The “air cushion” 
is another device employed for cases of extreme emergency. It 
is not effective unless the velocity is high. Tests have shown 
that it will save life in case of a free fall, but it must not be 
considered as a substitute for the other safeties commonly em- 
ployed. 


POWER FOR ELECTRIC CRANES. 
Journal Society of Western Engineers. 

The following data on the power required for electric 
traveling was given by Mr. S. S. Wales at a meeting of tie 
Engineers’ Society of Western Pennsylvania. 

An electric crane is divided into three general parts— 
bridge, trolley and hoist, each of which has its own motor and 
controlling system, and each subjected to different conditions 
of work. 
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For the bridge, where the ratio of axle bearings to diameter 
of wheel is between one to five and one to six, the following 
table will answer our purpose for weights and traction for 
different spans: 


Let L = working load of crane in tons. 
W = weight of bridge alone in tons. 
w = weight of trolley alone in tons. 
S = speed in feet per minute. 
P = pounds per ton required. 
Span W. 1 
PASS ii ola 30 lbs. 
5 Otte .6L 35 lbs. 
(05s tak Ul, Iv ' 40 lbs. 
100 ft. 1.5L 45 lbs. 


For the trolley we would assume the weight and traction 
as shown in the following table: 


L. W. 122 
1 to 25 tons. Boles 30 lbs. 
25 to 75 tons. 4L 35 Ibs. 
75 to 150 tons. LL 40 lbs. 


Now the power required for bridge will be: 
(L+W+w)XPxXxs 


33,000 
in connection with the motor characteristic to determine the 
gear reduction from motor to track wheel. As the nominal 
H. P. rating of a series motor is based on an hour’s run with 
a rise of 75° C. above the surrounding air and as conditions of 
bad track, bad bearings or poor alignment of track wheels 
may be met with, 14% times the above result should be taken 
as the proper size motor for the bridge. 
For the trolley the power required would be: 
(lee) XP Xe S 


33,000 
and gear reductions, but 1144 times this should be used for 
size of motor. 

For hoist work we cannot have so large margin of power, 
as the variation from full load to no load may imply a pos- 
sible dangerous increase of speed, and unless the crane is to 
be subjected to its maximum load continuously or is to be 
worked where the temperature of the surrounding air will be 
high, it is safe to use the size found by assuming 1 H. P. per 
10 ft. ton per minute of hoisting. This is nearly equal to 
assuming the useful work done as 60 per cent of the power 
consumed. 

As an illustration, let us take a crane of 50-ton capacity, 
lifting speed of hoist 15 feet per minute. Bridge to be 70 
feet span and to run 200 feet per minute with load. Trolley 
to travel 100 feet per minute with full load. On the fore- 
going assumption the bridge would weigh 50 tons and require 
40 pounds per ton for traction, and the trolley would weigh 
20 tons, and require 35 pounds per ton for traction. 

The power for the bridge would be: 

120 x 40 X 200 


= H..P. which result will be used 


= H. P. which will be used for speed 


= 29 H. P. and the size motor 1% times 
33,000 


this would give 43144 H. P. or 50 H. P., this being the nearest 
standard size, and the specification should read not less than 
50 H. P. motor to be used for bridge travel. 

Assuming Westinghouse motors to be used, as they are 
more commonly known in this district (Pittsburg), this 
would call for a No. 38—50 H. P. railway motor. By refer- 
ring to characteristic sheet for this type furnished by the 
Westinghouse Company we find that at 29 H. P. this armature 
will run 612 revolutions per minute, which, when the diameter 
of the track wheel is known, will give the gear reduction 
needed. 


Oe <a Olen 00 


Similarly the trolley will require ee | 


33,000 
H. P. and the size motor required will be 1% times this, or 8.28 
H. P. The next larger standard size motor is 10 H. P., and 
the specification would read not less than a 10 H. P. motor 
to be used. The characteristic of a Westinghouse 10 H. P. 
motor shows that the armature will run 820 revolutions per 


minute at 7.43 H. P. 
50 X 15 
The hoist would require —————- = 75 H. P. and would be 
10 
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specified not less than 75 H. P. motor to be used on the hoist. 
The next standard size Westinghouse motor suitable for crane 
service is rated at 80 H. P. at 220 volts and the armature 
speed at 75 H. P. is shown on the characteristic sheet to be 
460 revolutions per minute. The required power will of 
course be modified by the requirements of special cases, the 
use of rope or chain, whether the reduction is made mostly 
in the chain or in the gearing, etc., but still they will give 
reliable results to the user. 


CONDENSERS AND COOLING TOWERS FOR THE POWER 
HOUSE OF THE NEW YORK SUBWAY. 


Street Railway Journal, August 15, 1902. 


New York City will soon add to her list of very large 
power plants another one which is being built to operate the 
Rapid Transit Subway now in process of construction. The 
engines of all these large power plants, are, of course, con- 
densing, but a large percentage of the gain effected by the 
use of condensing engines is offset by the great cost of con- 
densing water. The 50,000 horse power plant of the Metro- 
politan Street Railway and the 65,000 horse power plant of 
the Manhattan Elevated Railway, use surface condensers 
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known as the injector, siphon or barometric condenser will 
be used in conjunction with a cooling tower, both condensers 
and towers being of Alberger type. 

The illustration taken from the Street Railway Journal 
shows the arrangement of the barometric condenser and the 
cooling tower, which in this case will be made for natural 
draft. The condenser A in this type of apparatus must be 
located at least 34 feet above the level of the water in the 
hot well in order to get the greatest possible vacuum, since 
the atmosphere will support a column of water of this height 
at the level of the sea. The cold injection water mixes with 
the exhaust steam as it comes from the engines and of course 
condenses it, leaving a vacuum in the apparatus. No pump 
is required to remove the condensing water from the con- 
denser, since it will flow down the pipe B against the atmos- 
pheric pressure. An air pump is required, however, to remove 
the entrained air carried into the system which, if not re- 
moved, would impair the efficiency of the system and 
finally destroy the vacuum entirely. The water from the 
hot well is pumped to the top of the cooling tower (usually 
built about 80 feet high) where it is allowed to trickle 
downward over boards of cypress arranged in a regular man- 
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Section of New York Rapid Transit Subway Power House, showing Atmospheric Condenser and Cooling Tower. 


and salt water from the Hast River. Theoretically the use 
of a surface condenser should enable the condensation to be 
used over and over again in the boilers, it being only neces- 
sary to replace the small losses occasioned by leakage in the 
system. This would make such a plant as either of those 
named practically independent of the water system of the 
city, as the daily amount of fresh water required to replace 
the leakage would be comparatively small. As a matter of 
fact, however, it has not been found feasible to use the con- 
densation for feed water to the boilers, so it has to be thrown 
away and fresh water drawn from the mains for boiler feed- 
ing. This is on account of the practical impossibility of 
eliminating the lubricating oil from the condensation when 
such large quantities have to be handled. To use feed water 
contaminated with lubricating oil is both unsafe and un- 
economical, the latter on account of the greatly increased 
boiler repairs made necessary. It follows, therefore, that if 
the condensation cannot be used for feed water there is no 
need for using surface condensers which are bulky and ex- 
pensive to keep in repair. Consequently in the new power 
station for the Subway the type of condenser variously 


ner so as to provide uniform flow of the sheets of water and 
their exposure to the air. During the passage of the water 
downward it comes in contact with the cool draft of air 
ascending the interior of the tower, which cools it to approxi- 
mately the same temperature by the time it reaches the cold 
well at the bottom. In this way the cooling water is used 
over and over again, the loss being that which evaporates 
and is carried away by the air during the cooling process. 
The power house for the Subway lines will be built to 
contain twelve engines of a rated capacity of 7,500 horse 
power each, at best efficiency, with a maximum capacity of 
11,000 horse power each. Hight of these engines will be built 
by the Allis-Chalmers Company. They will be of the same 
general type as those being put in the Manhattan Hlevated 
Railway power plant. Hach engine consists of two com- 
ponent engines, operating on one shaft, with a 5,000-kilowatt 
alternator between the engines. Each of these component 
engines will have a vertical low-pressure and horizontal high- 
pressure cylinder acting on the same crank. The cranks at 
opposite ends of the shaft are located 135 degrees apart. 
The high-pressure cylinders are to be 42 inches in diameter 
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and 60 inches stroke, and the low-pressure cylinders, 86 inches 
in diameter by 60 inches stroke. The engines will operate 
with 175 to 200 pounds initial pressure, and at 75 revolutions 
per minute. The high-pressure cylinders will have poppet 
valves, and the low-pressure cylinders, Corliss valves. The 
object of the poppet valves in the high-pressure cylinders is 
to insure the successful operation of the valves without ex- 
cessive use of oil at high steam temperatures. It is expected 
that they will operate successfully with steam superheated to 
500 to 550 degrees F. 


ROLLING MILL DRIVEN BY A GAS ENGINE. 
Tron Age, August 7, 1902, p. 19. 


There are magnificent installations of gas engines in Ger- 
many, but thus far it has been understood that the gas en- 
gine, in large units, has been employed exclusively in two 
directions, that of driving blast furnace blowing engines and 
in operating the dynamos for the electric service at fur- 
naces, steel works and rolling mill machinery. Of course 
the furnaces have had the incentive of very high fuel prices 
to urge them to a thorough utilization of the coke charged 
into their blast furnaces. Yet with all that credit must be 
freely accorded to them for the energy and skill which they 
have brought to bear upon many perplexing if minor prob- 
lems involved. 

It is interesting to note that they have gone a step further, 
and with apparent success, by employing the gas engine, 
using waste blast furnace gas, for driving roll trains. An 
account of such an engine, which has been in regular opera- 
tion at a German mill since April, 1901, is given in a recent 
issue of Stahl und Hisen. Of course no attempt has been 
made to apply a gas engine to those requirements in rolling 
mill work in which sudden and heavy fluctuations in power 
are frequent. But the claim is made that it may be very 
advantageously used to supplant flywheel steam engines for 
driving sheet, rod and bar mills. The particular gas engine 
described is a horizontal tandem flywheel four-cycle engine 
coupled direct to the train. It was built by the Augsburg 
& Nuernberg Company, and at a speed of 120 revolutions 
develops 600 to 700 horse power. The two cylinders are 
35.4-inch bore and have a 39.4-inch stroke, the diameter of 
the flywheel being 21 feet. The regulation is effected by a 
mixing valve. This latest development of the gas engine into 
rolling mill works is a further step in putting those localities 
that suffer from high fuel cost upon a closer parity with the 
sections blessed with cheap coal. 


REMARKABLE DRILLING FEEDS. 
American Machinist, July 24, 1902. 


The Bickford Drill & Tool Co. have found feasible un- 
precedented rates of feed for ordinary commercial twist drills 
when used in their radial drills. The remarkable results at- 
tained are largely attributed by Mr. Norris to the design 
of the radial arm of these drills, which is made in the form 
of a complete tube instead of having one side open as in the 
ordinary form of construction. A complete tube is, of course, 
much stiffer as regards torsional stress than a tube having 
one side cut away when both have the same amount of metal. 
The torsional stress on a radial arm is very severe when 
driving large drills since the drill spindle is offset by the 
center of the radial arm. Lack of stiffness causes spring 
and chatter which breaks drills at far lower rates of feed 
than would otherwise be the case if the arm was rigid. It is 
pointed out, however, that the quality of twist drills now 
made may be considerably superior to those of a few years 
ago when the Morse Twist Drill & Machine Co. made out its 
well-known table of drill feeds. The rate of feed for a %4- 
inch drill established by the Morse people is .005 inch per 
rotation of the drill and for a %-inch drill .007. The Bick- 
ford people find it feasible to increase the feed of these drills 
to .025 and .035 inch respectively, or five times as great. A 
test of a %-inch drill is given in which the drill was run 267 
turns per minute with .064 inch feed. This rate of feed is 
equivalent to 17 inches per minute, yet the drill stood the 
test for a depth of 3 inches without breaking. A 114-inch 
drill stood a feed of .072 inch in steel but broke when the 
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feed was increased to .10 inch; a 1 9-16-inch drill with hand 
feed cut chips 9-32 thick, of which a photograph is shown; 
a 4inch drill was driven into solid .45 carbon steel, at the 
rate of 114 inches per minute or 6 feet 4 inches per hour, 
the feed being .072 inch and speed 17.68 turns per minute; 


and so on. The following table gives the turns per minute 

which the Bickford Co. regularly use when drilling cast iron: 
Peripheral 
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GERMAN LOCOMOTIVE PERFORMANCE 
VON BORRIES. 


Railroad Gazette, August 8, 1902, p. 628. 


The following table gives the results of some experiments 
made by Herr von Borries for the purpose of comparing the 
performances of three classes of engines: (A) A four-coupled, 
eight-wheeled, four-cylinder compound; (B) an engine of 
similar build to that of (A), but having two cylinders and 
using steam superheated to about 300 degrees C. (592 F.); 
(C) an older type of four-wheeled, eight-coupled, two-cylinder 
compound. 

The run in each case was for a distance of 77% miles and 
back, at an average speed of 55 miles per hour. The load 
ranged from seven to nine coaches, according to the rated 
capacity of the engines. 


AS TESTED BY 


— Engine. — 

A. B. C. 

Weight of locomotive, tons. 53.0 52.3 47.6 

Grater area, oSQon Losin creas, 24.7 24.7 24.7 
Heating surface, sq. ft..... 1,270 1,140 1,345 
Superheating sur., sq. ft... we .301 a 
Boiler pres., lbs. per sq. in. 200 170 170 
Horse power developed..... 879 809 {55 

Coalepers iia B= per ‘hours... Dosa eS 2.55 


The four-cylinder compound (A) proved the most powerful 
as well as the most economical engine. The two-cylinder 
engines of both types were practically equal in efficiency. It 
is stated that the four-cylinder engine ran remarkably smooth. 


CONCRETE PILE CONSTRUCTION. 
Railroad Gazette, August 15, 1902, p. 645. 


A system of concrete pile construction has lately been 
perfected by Mr. A. A. Raymond, of Chicago. The method 
involves driving into the ground a sheet-iron shell of the 
size and shape of pile desired. A tapered steel core is used 
to accomplish this, the shell being fitted over this core and 
the whole driven as the ordinary wooden pile. The con- 
struction of this core is such that it may be contracted after 
the proper depth is reached, and withdrawn from the shell. 
The core is in three parts, an outer shell in halves, and a 
central tapered part having a head, the whole being held 
rigid by keys. When it is desired to withdraw the core the 
keys are removed, permitting the central tapered part to be 
raised a sufficient distance to allow the shell to collapse 
slightly, when the whole may be easily lifted out. The shell 
is then filled with concrete, which is carefully and continuous- 
ly tamped as it is fed in, to prevent the formation of voids. 

In a trial of this system made in Chicago the tapered steel 
core was 20 feet long, 18 inches in diameter at the butt and 
6 inches at the point. The hammer weighed 2,200 pounds 
and the penetration for the last few blows was but an inch 
to the blow, with a fall of 25 feet. An oak pile 12% inches 
at the butt and 10 inches at the point had a penetration of 
514 inches for the last blows, using the same hammer and 
drop, and driven only a few feet away. It was computed 
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from these tests that the wooden pile had a carrying capa- 
city of 17,000 pounds, while the concrete pile would carry 
65,000 pounds. The greater carrying capacity of the con- 
crete pile is, of course, due to its increased taper. This 
taper may be varied according to the nature of the material 
to be penetrated. The relative appearance of the two kinds 
of piles is shown in Fig. 1. A comparison of wooden and 
concrete piles for wall foundation work is shown in Fig. 2, 
the number of concrete piles being one-half that of the wood, 
while the bearing surface is nearly 39 per cent. greater. The 
Bryson building, Chicago, costing $250,000, has concrete piles 
under its foundation after the manner shown in this illus- 
tration. The system used at the works of the J. I. Case 
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Fig. 1. Fig 3. 


Fig. 2. 


Plow Works, Racine, Wis., is shown in Fig. 3. The ground 
on which this plant stands is of such a character that some 
system of piling was necessary. The water level is so far 
below the level of the ground that the driving of timber piling 
below the water line would have required an expensive filling 
of concrete from the piles to the surface. 

It is possible to use the concrete piles for trestle work, 
two methods being illustrated by Fig. 4. Where the pile 
comes. above the surface it is stiffened and strengthened 
by steel rods imbedded within its length from top to bottom, 
as shown. They may also be sway-braced by steel rods and 
concrete. For docks it would seem that the concrete system 
should be especially desirable because of the permanency it 
insures. They are naturally more expensive than those of 
timber, but the latter can only be regarded as temporary. 
The illustration, Fig. 5, shows the construction, with con- 
crete backing and anchorage. The advantages of the concrete 
pile may be summarized as follows: 

It is practically everlasting, the surrounding conditions of 
soil or water not affecting it. The water line in the soil may 
be entirely disregarded, unlike timber piles, which must be 
cut off below this line to prevent decay. On the wooden piling 
solid foundations of considerable depth must be built in 
order to reach the surface, involving a large amount of exca- 
vation. Use of concrete piles avoids this. The concrete pile 
may be made with practically any desired taper, an increase 
of which is held to give increased supporting power. Timber 
exposed to sea water must be renewed periodically as a result 
of the ravages of the teredo. Relief may be obtained from 
this difficulty through the use of the concrete pile. 


THE PRODUCTION OF STEEL IN THE UNITED STATES. 
Cassier’s Magazine, July, 1902, p. 376. 


Theodore W. Robinson, first vice-president of the Illinois 
Steel Company, says that in 1870 the great Menominee, 
Gogebic, Vermilion and Mesaba iron ore ranges in the United 
States, were unknown wilderness. The annual production of 
all grades of steel was under 70,000 tons, an amount less than 
the monthly output of a modern Bessemer plant. Thirty 
years have sufficed to increase the annual production to 
10,500,000 tons. In 1870 the principal product of the rolling 
mills was iron rails; now iron rails are a thing of the past 
and the price of steel rails has dropped from $166 to $28 a 
ton. Machinery has made startling changes in the iron and 
steel industries. Where formerly 1,200 tons per month was 
a large product for a blast furnace, it is now possible to 
produce 19,000 tons of pig-iron per month from a single 
stack. This means that 1,800 tons of raw material must be 
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handled every twenty-four hours. In the steel mill machinery 
has replaced manual labor. Where formerly a small army 
of employees was necessary, a few skilled mechanics and 
engineers suffice. The mill was a teeming hive of sweating 
humanity pulling and hauling, raising and shoving masses of 
white-hot metal from roll to roll, from pass to pass, with 
clumsy hooks and tongs by force of brawn and muscle. The 
tendency was in the direction of the development of brute 
strength rather than higher intelligence; now the conditions 
are reversed. The introduction of automatic machinery 
brought about a new order of things. The rolling mill ma- 
chinery that has replaced the former crude appliances, is a 
monument to mechanical ingenuity and engineering skill. 
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Fig. 5. 


Fig. 4. 


Twenty-seven hundred tons of steel rails—enough to lay 
twenty-one miles of track—have been produced in a Single 
mill. This performance was all the more remarkable as the 
specifications allowed a sectional variation of not more than 
one sixty-fourth inch. Regarding wages: In 1876 the average 
production of a rod mill was twenty tons per twenty-four 
hours and the average daily wages was $3.66; it is now no 
uncommon occurrence for a rod mill to roll 400 tons a day. 
The present average wage is $4.71 per day. 


ELECTRIC THIRD RAIL SYSTEM OF THE B. & O. B.R. 
Book of the Royal Blue, July, 1902. 

August 4, 1902, was the seventh anniversary of the first 
operation of electrical railway trains on the Baltimore & 
Ohio R.R. in the Baltimore tunnel and on the Belt Line. 
This application of electricity to the hauling of heavy railway 


Fig. 1. The Old and New Way. showing the Overhead Framework and the 


Third Rail. The Overhead Framework has since been Removed. 
trains was the pioneer installation of its kind, so its opera- 
tion has always been regarded with general interest. The 
first electric locomotives used were built by the General 
Electric Company. They weighed about 96 tons and had a 
hauling capacity of 1,000 tons up a 60-foot grade at a speed 
of ten miles an hour. Current was conducted to them by 
means of overhead conductors. These were made up of two 
Z-bars held together by a cover plate, making a sort of box- 
like construction. The conducting shoe of the locomotive 
was made to slide in the overhead slot thus formed. The 
conductors were supported by iron columns standing on each 
side of the tracks, and by cables. The columns were con- 
nected across the tracks by metal framework and lengthways 
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of the tracks by the cables hung in catenaries. The sections 
of conductor between the columns were suspended from the 
cables in about the same manner as a suspension bridge. 
This system was used until last March, when it was aban- 
doned for the third-rail system, in which the third-rail is 
placed outside the tracks. 


UQYSTRIAL PRESS MY. 


Fig. 2. Conducting Shoe of Electric Locomotive; one is attached to each/of the 
Four Corners. 


~ The third rail is placed along the outside of the east and 
west bound tracks. It is supported by means of guard and 


insulator stands, which are attached to ties at centers of 


approximately twelve feet. These guard and insulator stands 
form a support for planks placed on either side of the rail, 


Fig, 3. View of Tracks in Mount Royal Station, showing Conductor Slots, 
which are the Black Lines in the Center. 
acting as a guard to prevent employes coming in contact with 
it. Through the two passenger stations, Camden and Mount 
Royal, which are about a mile and one-half apart and at the 
ends of the tunnel passing under the city, it was necessary to 
modify this construction in such a way as to prevent all 


Fig. 4, Electric Locomotives in Mount Royal Station, Baltimore. 
Towers at Left-Foreground. 


Switch 


possibility of the traveling public coming in contact with the 
charged conductor. To accomplish this, there were several 
precautions taken. The third rail was laid through the sta- 
tion at the standard height and on the insulators in the 
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regular way, but it was completely covered over, the conduct- 
ing shoe being allowed to make a contact through a wooden 
covered slot supported by iron members from the under side. 
In addition to this, the rail was cut into sections, each of 
which was insulated from the one next adjoining, and con- 
trolled by the Murphy safety switch in such a way that the 
current would be on a section only when the locomotive was 
passing over that particular section. In the same way, the 
third rail adjacent to crossings of foreign roads, special work 
and in the yard was cut up in sections and protected by 
safety switches. 

The advantages of the third-rail system are that it is 
cheaper than the overhead construction, costing only about 
one-fourth as much; it is more easily adapted to changes of 
the tracks that may have to be made from time to time, and 
is more easily repaired. The element of danger to employes 
is the one drawback, but this is not considered serious. It 
is held that the public have no business to be on the right of 
way except at stations and crossings, and at these points 
ample protection is provided. Each ‘locomotive has four 
conducting shoes to take current from the rail, one at each 
corner. The matter of designing a shoe that will pick up 
at least 2,500 amperes without excessive sparking was a 
difficult one in itself. Each shoe is flexibly connected to the 
locomotive so that it can at all times conform to all inequali- 
ties and irregularities of the tracks and third Tale bees 
eight distinct movements within limits: Up and down, out 
and in, rocking laterally, and tilting in either direction to 
take inclines. 

The number of freight trains hauled by electricity on this 
line has practically doubled in seven years, taking the figures 
for the months of September, 1895 and May, 1902. In the 
first month mentioned, 333 freight trains were hauled, and in 
the month of May, 1902, 641 freight trains. Two new loco- 
motives of heavier design (150 tons) will be put on next 
spring having 50 per cent more hauling power than those 
now in use. 


FRICTION OF WATER IN PIPES. 

The Engineer, July 1, 1902, p. 470. 
In hot water heating of buildings the circulation of water 
through the pipes and radiators depends (usually) on the 
difference in weight of the water before it enters the radiators 
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Fig. 1. Friction Loss in ‘Feet Head” per 100 reet in Length of Pipe. 


and after, when it has lost some of its heat and consequently 
has a somewhat higher specific gravity. Since this is the motive 
force of circulation, and as circulation is vitally necessary 
for the success of the heating system, the calculation of pipe 
sizes for a hot-water heating system should be carefully done. 
For economical reasons the pipe sizes for the risers and re- 
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turns must be kept as small as possible and still have the 
circulation equal to the demands of the system. 

A column of water 1 inch square and 12 inches high gains 
.000154 pound in density for each degree it is cooled between 
the limits of temperature of ordinary hot-water heating, or, 
say, 212 and 150 degrees F. In pipe size calculations this is 
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Industrial Press, N.Y. 
Fig. 2. Friction Loss in “Feet Head” per 100 feet in Length of Pipe. 


usually expressed in “feet head” instead of pounds. The 
weight of a column of water 1 inch square and 12 inches 
high at a temperature of 170 degrees is .422 pound. One 
foot divided by .422 equals 2.37 feet head necessary to pro- 
duce a pressure of 1 pound. So a pressure of .000154 pound 
multiplied by 2.37, which equals .000365, transforms it into 
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Fig. 3. Friction Loss in “Feet Head” per 100 feet in Length of Pipe. 


“feet head.” The elevation of a radiator is usually measured 
from the center of the water space in the boiler to the top 
of the radiator. If the elevation of a radiator above the 
boiler is 40 feet the temperature in the flow pipe is 180 de- 
grees and that in the return pipe is 160 degrees, what is the 
head for producing circulation? 180 — 160 = 20 degrees differ- 
ence in temperature; therefore 20 * 40 X .000365 = .292 feet. 
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In the case of long pipes and low heads only the friction 
of the pipe need be considered in calculating the flow. With 
constant velocity and diameter of pipe the friction head varies 
directly with the length of the pipe, so that having been calcu- 
lated the friction head for one length of pipe the others may be 
found directly by proportion. The friction head, in pipes 
having a smooth interior similar to lead and brass, and from 
4% inch to 344 inches in diameter, may be computed by the 
following formula: 


.03815 — d.06\ 1 v? 

H = 7.0126 + == 

( V2 d 2g 
in which 
H=the loss of head due to friction, in feet. 
d==internal diameter of pipe in fect. 
v =the velocity of flow in feet per second. 
1=—the length of pipe in feet. 
2264.32: 

For pipes 4 inches in diameter and over, and having interior 
surfaces similar to new cast iron, the formula should be 
changed to 

Oso) 
d d 2¢ 

Diagrams have been made from which the friction head 
can be determined without calculation. The curves in the 
three diagrams were laid out by means of Weston’s formula, 
and give the flow in gallons per minute for different size pipes 
with low friction heads as met in hot-water systems. Sup- 
pose that the radiator mentioned having 40 feet elevation 
above the boiler required 40 gallons a minute in order to 
supply the necessary radiation. What pipe size will be re- 
quired for the riser and return? Since the elevation of the 
radiator is 40 feet, assume 80 feet of pipe through which 
the water must pass. Since the diagram is laid out for 
lengths of 100 feet we may conveniently take the flow to be 
such a proportion as our pipe length is of 100 feet or 80-100 
equals 4-5. 4-5 of 40 gallons equals 32. Since the avail- 
able head for flow is .292 pound we follow up the ordinate 
marked .30 in the diagram, Fig. 1 (that one being near 
enough for the purpose of illustration), until the horizontal 
line corresponding to 32 gallons is reached. At about this 
point the curve for 3-inch pipe intersects, showing that this 
size pipe would be necessary for the required flow when no 
allowance is made for elbows and valves. An elbow is con- 
sidered to oppose as much resistance as a length of pipe equal 
to 60 diameters and a return bend, 120 diameters. A globe 
valve is regarded to have about the same resistance as an 
elbow. 
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* * * 
A REVEREND INVENTOR. 

A Western bishop, who has invented an improved cutting 
box and a folding saw-buck, has now turned his attention 
to railroad matters and devised a spark arrester that is sim- 
plicity itself. The smoke stack of the locomotive is curved 
backward and discharges into a sheet iron pipe attached to 
the tops of the cars. The section of pipe on each car is made 
funnel-shaped at the front end, which enables the rear end 
of the section of the car ahead to enter and give the neces- 
sary room for flexibility at curves. The funnels also cause 
cold air to mix with the smoke and sparks from the loco- 
motive and insure that all sparks will be cold and lifeless by 
the time they are discharged from the rear end of the train. 
This beautiful arrangement also insures that the passengers 
will not hereafter be troubled by dust and cinders from the en- 
gine, so that it will make no difference what kind of coal is 
burned so far as it affects their comfort. Now a little study 
of the different devices that have been invented and patented 
for this purpose, and which can be seen in the Official Gazette 
of the United States Patent Office, kept on file in almost every 
public library, would have saved the reverend gentleman con- 
siderable trouble and expense, and probably some distress of 
mind. If Andrew Carnegie’s free public libraries, being so 
liberally distributed throughout the land, can be made of suf- 
ficient educational force to discourage such freak inventions 
that result alone would be worth a good deal to a certain 
class of misguided people, but it is doubtful if anything could 
discourage some of them. 
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LETTERS UPON PRACTICAL SUBJECTS. 


AXLES FOR INDUSTRIAL CARS. 
Editor MACHINERY: 

At the machine company where I am located at present we 
have occasion to turn quite a large number of axles for indus- 
trial cars. These are made from 2-inch square steel about 65 
inches long and have their ends turned to 115-16 inches diam- 
eter for a distance of eight inches. The bodies of the axles 
are left square. When wanted we usually had to get them out 


in a hurry and the work required nearly all of our medium 
size lathes, each lathe averaging about eight axles per day. 
Fig. 1 shows an old timer of a lathe rebuilt, on which we 
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Fig. 1. Old Lathe Rebuilt for Turning Axles. 


are turning out forty axles per day. While we do not think 
the machine is a beauty in design, it is not far behind in 
its output. 

It consists of a strongly made headstock carrying a hollow 
spindle large enough for the material to pass through freely. 
On each end of the ‘spindle is a cast-iron chuck with square 
hole and four setscrews for a slight adjustment of the work. 
The plate on which the turret tools are fastened has equally 
spaced holes in which the locking pin locates each tool in its 
correct position. Around the plate is a clamping ring B, 
Fig. 2, which is tightened by the cam lever C, and holds the 
plate-carrying tools in a rigid manner. 


Fig. 2. Turret and Tools Equipment. 


For turning axles we have only three operations. The tool 
D is for pointing the end; the other two tools are similar to 
those on a Jones & Lamson turret lathe—one being used to 
rough out, the other to finish. The cut shows the con- 
struction quite plainly, and also indicates that plenty of cast 
iron and steel has been used to make it stand the abuse that 
it gets in coarse feeds, and the shock from turning off corners 
of square stock. 

While not in use as an axle lathe, we use one end of the 
lathe to do larger work than our Jones & Lamson turret can 


handle, having a tool holder in which the automatic die for 

threading from the other turret lathes interchange. We have 

also fitted a regular four-jawed chuck to one end of the 

spindle, so that the possibilities of the machine have been 

multiplied for quite a number of jobs. A. A. AVERY. 
Warren, Pa. 


THRORY AND PRACTICE. 
Editor MACHINERY: : 

In W’’s article on page 361 he asks for an explanation of 
the paradox concerning scientific laws and actual practice 
in the matter of frictional resistance. First permit me to 
quote the stock phrase, “Theory and practice are never at 
variance,” and then I will attempt to show that it is true in 
this case. 

All surfaces, however smooth or polished they may be, have 
minute elevations and depressions in them, owing to the poros- 
ity, to a greater or less degree, of all matter. Consequently, 
when two surfaces are in contact the elevations of one drop 
into the hollow of the other and a resistance called friction is 
offered to an attempt to move one body over the other in the 
plane of their contact. This friction consists in the resist- 
ance offered by the elevations in the material to breaking off 
or bending over and in the weight or perpendicularly ap- 
plied pressure that must be overcome in order that the body 
may rise sufficiently to allow the elevations to slip up out 
of one hollow and down into the next, etc. From this it is 
evident that friction is dependent upon the kind of material, 
upon the condition of the surfaces as to smoothness, and upon 
the weight or pressure perpendicularly applied. That 1s, the 
harder the substance the more difficult it will be to break 
off the elevations and fill up the hollows; the rougher the 
surface the higher will be the elevations and the deeper will 
be the depressions; the greater the weight or perpendicularly 
applied pressure the greater must be the force exerted in 
order to raise the body so that the elevations may pass from 
depression to depression. 

Friction is independent of the area of the surfaces in con- 
tact. Provided the weight was the same there would be no 
more friction or resistance to the motion of a large planer 
bed upon its ways than there would be to the motion of a 
small planer bed upon its correspondingly small ways. I 
hear you say that the larger the ways the greater would be the 
number of elevations and hollows in the surfaces of the rub- 
bing parts. All of which is true, but the weight is dis- 
tributed over a larger area and is proportionately less upon 
each particular roughness of the surface; consequently the 
friction of each particular particle is less with a surface of 
large area than with a surface of small area where the pres- 
sure upon each particle is greater. The aggregate friction 
is the same whether you have a large number of small fric- 
tions or a small number of large frictions. 

When, however, the pressure becomes so great that the 
material is unable to withstand it and crushes down, a cut- 
ting action is produced when an attempt is made to slide the 
surface of one body over the other in the plane of their 
contact. Take a flat plate of lead and place upon it a weight, 
with a flat side in contact with the plate, so heavy that it 
sinks slightly into the lead plate. Now attempt to slide the 
weight along on it and a shaving of lead curls up in front of 
the weight. That is not mere sliding friction resisting the 
motion of the weight—that is a shearing or cutting action, 
i. e., an intense friction increasing more rapidly than the 
pressure. When the surfaces are large enough to stand up 
under the load without crushing and cutting then the friction 
is the same, regardless of the area of the surfaces. 

It was originally supposed that friction was also indepen- 
dent of velocity, but the later experiments of Bochet show 
that after a speed of approximately one foot per second is 
exceeded it decreases gradually as the velocity increases, 

It will take more force to overcome the friction of qui- 
escence than it will to keep a body in motion. This: is 
especially noticeable where one body is sufficiently heavy to 
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slightly indent the other when at rest, but this excess of 
friction may be instantly overcome by a slight jar. 

Thus far I have only followed in the footsteps of X and 
stated the general laws of friction. Much more might be 
said on this interesting subject but it does not come within 
the scope of this article. For the benefit of any who may 
desire to go farther into this subject or obtain values of the 
coefficient of friction for different substances, I will refer 
them to: “Machinery and Millwork, by W. J. M. Rankine,” 
pages 348-354 inclusive; ‘Theoretical Mechanics, by Julius 
Weisbach,” pages 309-370 inclusive; “Nouv. Recherches ex- 
périmentales sur le frottement de glissement, par M. Bochet,” 
in the Annales des Mines, Cing. Serie, Tome XIX, Paris, 1861. 

I will now endeavor to explain why a larger disk would 
have had more effect than the small one in checking the speed 
of rotation of the drum, and why the small shaft revolved 
when the live center was in the deeper hole in the end of the 
shaft, and remained stationary when the shaft was turned 
end for end. 

The question in dispute between X and Y is, in reality, not 
one of friction at all; but, instead, one of moments. Place 
the one-inch disk against the end of the four-inch drum with 
their centers coincident and the frictional resistance is not 
applied at the center or axis of the drum, but at a distance 
from it equal to two-thirds of the radius of the disk. Perhaps 
if I work a few examples my meaning will be more clear. 
First, let us assume that the condition of surface, velocity of 
rubbing and pressure exerted remain constant. We will con- 
sider in all four cases: The one-inch disk with its center 
coincident with the axis of the drum; a four-inch disk having 
its center coincident with the axis of the drum; the one-inch 
disk with its center at a given distance from the center of 
the drum, and a ring with its inner and outer diameters 
three and four inches respectively and its center coincident 
with the axis of the drum. 

Let P = the pressure applied perpendicularly to the disk— 
say ten pounds, 

Let f = the coefficient of friction, i. e., the ratio of the 
friction for a given material and condition of surface to a 
perpendicularly applied pressure of one pound = .5 for dry 
leather on a metal surface. 

Let 1 = the leverage, or distance from the center of applica- 
tion of the frictional resistance to the center of the rotation. 

The mechanical effort = P1f. 

Let r = the radius of the disk. 

In the first two cases the mechanical effort equals 
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As r in the second case is four times the length of r in 
the first case, the mechanical effort must necessarily be four 
times as great as in the first case; or, in order to obtain the 
same effort the pressure exerted would only need to be one- 
fourth as great. Thus Y was correct in thinking that the use 
of the larger disk would show a better design, and also in 
saying that “The disk would last longer.” The larger disk 
would retard the rotation of the drum more than the small 
one—not because of more friction, but because of the greater 
effort or moment obtained on account of the greater radius 
of the larger disk. Moreover, it would last longer because 
the unit pressure and consequently wear of the larger disk 
would be less than that of the smaller one. 

Now let us see what the result would be if we should move 
the smaller disk toward the circumference until its center is 
at a distance from the center of the drum equal to two-thirds 
of the radius of the larger disk. As the moment arm is the 
same we would have the same effort exerted and the same 
pressure required to produce the result obtained by using the 
large disk with its center coincident with the center of the 
drum; but, as before, the wear on the small disk would be 
greater on account of the greater unit pressure. 

We will now consider the fourth case, of the ring and the 
effort exerted by it to retard the motion of the drum. Take 
the large disk previously spoken of and cut out the center 
of its face, leaving a ring bearing surface at the outside one- 
half inch in width. 
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Let r, = the larger radius of the ring. 
Let 7, = the smaller radius of the ring. 
Then the center of application or leverage of the frictional 
resistance will be at 
2 Te — 78 2 
=X =- xX — — = 1.762 
3 ri — 73 38 4 — 2.25 
inches from the center of the drum. As the center of appli- 
cation of the resistance is at a distance from the center of 
the drum of only .33 inches in the case of the small disk and 
1.33 inches in the case of the large one, we find that we only 
require .187 as much pressure in the one case and .755 as 
much in the other by the use of the ring as we do if we use 
the disks and bring the center of application nearer to the 
center of rotation of the drum. This shows that the greater 
the leverage the greater will be the effort retarding the rota- 
tion. If we continue this idea the leverage of the resistance 
may be made so great as to entirely overcome the turning 
effort and we have an effectual brake holding the drum sta- 
tionary after the clutch that holds it has been thrown out. 
It was the same principle of moments involved in the turn- 
ing or non-turning of the piece of shafting between the 
centers. Thus theory—when it is known—agrees with prac- 
tice. Sc. Pr. 
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SPACING THE TEETH FOR A RACK PATTERN. 


Editor MACHINERY: 

We have had, at various times, to make patterns of a double 
rack, Fig. 1, on which a gear runs alternately first on one 
side and then on the other, and which is used for driving 
the beds of printing presses. In measuring the patterns I 
have been surprised at their exceeding accuracy, and also at 


TOOTH FACE FOR DRIVING GEAR 
WHEN ON UPPER SIDE OF RACK 
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TOOTH FACE FOR DRIVING GEAR 
WHEN ON UNDER SIDE OF RACK 


Fig. 1. 


the rapidity with which they were made, and it has occurred to 
me that the method used in making them might be of interest 
to your readers. 

The teeth b, Fig. 1, are made separately with a tenon which 
fits a corresponding mortise in a. All of this is simple enough 
until we get to making the mortises and spacing them ac- 
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curately. The back part a is made in two parts divided on 
the line m, Fig. 2. The mortises are cut on a circular 
saw and the spacing is done as follows: First a hardwood 
stick q, Figs. 3 and 4, about 1% inch x % inch, and of sufficient 
length for the rack, is carefully spaced to the correct pitch, 
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SAW 


Fig. 3. 


the center of each tooth being cut square across with a knife 
and to a considerable depth. This is temporarily fastened to 
the top of the back a, being left square as indicated at k, 
Fig. 2. 

The cross-cut gage of the saw table is screwed firmly to a 
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piece c, Figs. 3 and 4. A piece j, shaved down thin enough 
on the end to spring easily, is held to c by means of a bolt e 
in a slot in j, and is adjusted crossways of the saw table by 
means of a nut and thumb screw f and g, the end motion of 
the screw being checked by the pin @. At the left end of ¢ is 
a thin knife edge, d. 

To use this device the back a is placed against the gage c, 
and the knife edge dropped into the first notch in the spacing 
stick, when a saw cut is made. Then take hold of the piece j 
and spring it up while the back is moved along until the 
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Fig. 4. 


knife edge will drop into the next notch, when another saw 
cut is made. Proceed thus until one side of all the mortises 
has been sawn. Then go back to the first cut and saw the 
other side of the mortises in a similar way, first adjusting for 
the width of mortise by means of the bolt e and thumb- 
screw g. 

The tenons on the teeth must be a good fit in the mortises 
and all be alike. In driving them care must be taken to get 
them straight, which is not a difficult matter if the glue is 
properly used. The glue should be thin and used sparingly, 
a little good glue being much better than more, for any kind 
of work. 


New London, Conn. FRED S. ENGLISH. 


MILLING CAMS. 


Editor MACHINERY: 

The accompanying sketch and photograph show a very 
convenient method of milling the grooves in positive motion 
cams of the type shown at # in Fig. 1. 

The guide A is a cup-shaped casting, the walls of which 
are about % inch thick. Castings of these guides can be kept 
on hand and the grinding edge easily finished by hand for any 
cam required. In preparing the guide it is well to face the 
outer edge at the back so as to have a true surface from which 
to work when laying out the throws of the cam. If the cir- 


Fig. 1 


OVERHANGING ARM 
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Details of Cam Milling Fixture. 


cumference of the guide is divided into any desired number of 
divisions and the different distances measured endwise from 
the true edge, the cam can be easily laid out. 

Having shaped the edge of the guide to the desired form, 
the guide and cam blank are put on an arbor and mounted 
on the index centers of a universal milling machine. The 
overhanging arm of the milling machine is fitted with a pin 
and guide roll and is set slightly to one side of the center of the 
spindle so as to bring the guide roll in contact with the edge 
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of the guide. This guide roll is made long enough to allow the 
cutter to be fed into the cam the full depth of the grooves. 

In operation the arbor with the form and blank is revolved 
by turning the index crank. At the same time the guide is 
held against the guide roll by moving the table of the ma- 
chine. The cutter is fed, a little at a time, endwise into the 
cam blank. 

I have found that a very convenient machine for doing this 
work is a vertical mill, or die sinking machine, provided 
with some means for holding the guide roll. The photo- 
eraph shows a cam being cut by this method. As will be 
seen, the cam blank and guide are mounted on the same 
arbor, which is held on the index centers. 

Fig. 2 shows the device which is used to hold the guide 
roll. It consists of two cast-iron arms, B and C, one of which, 
C, is offset to allow the end to pass under the end of B. 


Fig. 3. Fixture Attached to a Milling Machine. 


In the end of each arm is driven a pin, the projecting ends 
of which are fitted to the guide pin holes on each side of the 
spindle. Setscrews secure these pins when they are put in 
place. The outer ends of the arms are clamped together by 
the nut H and the bushing G, through which runs a pin 
carrying the guide roll. The setscrews JJ provide for locating 
and adjusting the guide roll. 

Tl have found a two-lip mill to be the best for roughing out 
either steel or cast-iron cams, and it is sometimes the best 
for the finishing cut also. 


Meriden, Conn. JAMES P. HAYES. 


MORE ABOUT FRICTION. 


Editor MACHINERY: 

In the August issue “Practice” discusses the reason for the 
deep center and shallow center and apparently proves his case. 
When it comes to the theory and practice of friction, however, 
there are some cases which keep a fellow guessing. Take 
modern locomotive practice and we find some peculiar fea- 
tures. The driving boxes carry from 18,000 to 25,000 pounds 
each, or in the neighborhood of 300 pounds per square inch of 
projected area. These boxes must have a good bearing nearly 
halfway round or there is trouble from heating. 

The truck boxes of the same locomotive seem to be gov- 
erned by a different law, but of course they are not. These 
carry perhaps 10,000 pounds each, but instead of having a 
full bearing on top of the axle there are two babbitt strips run- 
ning lengthwise. These strips are usually one inch wide and 
spaced quite a distance apart. Take the projected area of 
these strips and we find it a pretty small amount, making the 
pressure per square inch run up pretty high. Yet these bear- 
ings run cool until the strips wear down so there is a bearing 
at the top of axle and box; then they heat. Why? 

The tender truck boxes, on the other hand, have the regular 
full bearing the same as the car truck, and they run without 
much trouble, carrying heavy loads. 

The driving box has to stand the thrust of the cylinder and 
requires the side bearing, while the top of the box carries the 
load. The truck or leading wheels have bearings almost all 
front and back, which takes the rolling thrust, but what 
carries the hood in the absence (practically) of projected area 
is something of a mystery. 

I certainly do not believe that contact surface means fric- 
tion in every case or a roller bearing would always have more 
friction than a ball bearing. As showing the tendency in this 
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direction I may mention that the leading automobile builders 
are abandoning ball bearings in the wheels and other parts 
tor long plain bearings. 
Who has the right theory? 
ie BeeRICE: 


MECHANICS IN THE COUNTRY. 
Editor MACHINERY: 

The firm for which I used to work once sold a second-hand 
threshing engine, and three or four days after, word came 
that the feed pump of the engine would not work, and “to 
send a man out at once to make it work.’ At this the Old 
Man said: “That is strange; it worked all right here when 
we tested the engine. We are very busy and I don’t see how 
we can spare a man, but I will just go out myself and see 
what is eating those fellows anyhow.” 

He rode out on the train about 15 miles to a small town 
where a man and team were to meet him. At the station he 
found a man but no team. The man told him there would 
be a team and driver in pretty soon with a load of grain, and 
that they could ride out with him. After waiting some time 
the Old Man got nervous. He wanted to get home on the 
noon train. Finally he asked the man how far it was out to 
where they were threshing, and was told that it was just two 
and a half miles from the edge of the town. “Well,” said the 
Old Man, “I can walk it if you can.” So they started out. 
It was pretty warm weather and after walking about an hour 
the Old Man inquired if they were not almost there. “Do 
you see that little red schoolhouse on ahead there? Well, 
that is just half way.” The schoolhouse appeared to be a 
mile or more ahead of them. They got to the place at noon 
and found most of the men at dinner. 

Steam was down. The engineer and an- 
other man were putting water in the boiler. 

They had removed the safety valve, and were 
pouring the water in out of a bucket, where- 
upon the Old Man remarked that was a sure 
way to get the water into a boiler. They 
gave the Old Man a good “roasting” for let- 


ting a rig leave the shop when the feed pump a SS 
could not be made to work, and wanted to CN | k 
know why he didn’t send out a man who SS 3-3 RIBS SH ae t| 


knew something about engines and pumps; 


at. Originally it had been ground in. The man who put the 
engine together in the shop had put in a paper gasket, and 
after the engine had run a short time complaint came to the 
shop that the front head was leaking. The Old Man, Josh 
and I went out to fix it. We went Saturday evening about 8 
o’clock so as not to interfere with the work at the tile and 
brick factory. We had the tools necessary to do the work 
and some good packing to take the place of the paper, which 
had evidently blown out. We got the head out at about 
midnight; then the Old Man took a notion that he would like 
to have that head ground in again. We had not brought any 
emery, aS we were not expecting to grind in the head. I 
asked the engineer if he had any emery or broken glass. He 
said: “No, but I have a piece of emery paper.” “Well,” said 
I, “bring it here, and also your fire shovel.” “You can’t grind 
in a head with emery paper,” said the Old Man;; “let Josh go 
to the shop and get some emery.” But it would have taken 
three or four hours to have gone to the shop and back, so | 
rolled up the paper and set fire to it. With the ashes we 
soon had a nice joint, and we got through in time for church 
next morning. W. A. BRIGHT. 
Decatur, IJ. 


FORMULAS FOR BEVEL GEAR BLANKS. 
ditor MACHINERY: 

It is necessary when designing to know the outside 
diameter of gears; both, in order to be sure of a proper 
amount of clearance between them and a near-by shaft or 
wall, and also in order to detail the blanks. 

For spur gears, every hand-book gives the following or 
similar formulas: 
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Tom, the foreman, for instance. 5 


The Old Man got a monkey wrench and 
started to examine the pump. The first 
thing he did was to open the suction valve, 
and under it he found a lump of coal large 


enough to keep the valve open all the time. 
He called the attention of the engineer (?) 
to it, but the engineer knew that was not the 
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trouble. So the Old Man said: “Well, I will 
get my dinner while you get up steam, and 
we will see if that lump of coal was not the 
cause of the trouble.” 
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On the farm were three or four crops of ¥ 


corn, plenty of stock and every indication of PITCH; 18 TEETH 
a prosperous farmer. That dinner, however, 
“cooked” the Old Man. ‘They had “side 
meat” (Breakfast bacon) and fried eggs— 
fried to a crisp: biscuits as hard as hardtack 
and yellow with soda; dried apple pie sweet- 
ened with sorghum molasses; water-logged 
potatoes and coffee made from scorched wheat, with no sugar 
and skimmed milk. Even the women folks were mad about 
the engine not working and would hardly speak to the Old 
Man, who is generally a great favorite with the women. 
But when the engineer got up steam he found that the feed 
pump worked all right. The crowd then got into better 
humor, and “guyed” the engineer a little; and the farmer 
hitched up his buggy and let his wife take the Old Man to 
town. He got home at 7.30 P. M. Had spent a whole day to 
take a piece of coal out of a check valve! What any school- 
boy could have done in five minutes. 
We once rebuilt an engine for a tile and brick factory. 
The front head was what is sometimes called a false head— 
held between the cylinder and frame, and quite a job to get 
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Diagram showing Method of Laying Out Bevel Gear Blanks. 


Letting N —Number of teeth 
Pr Circular pitch 
P’ = Diametral pitch 
d@ =Pitch diameter 
D =Outside diameter. 


We have: 


2 
D=d+ .6P,and D=d+— 
fP' 


For a bevel gear, however, the designer, in order to know 
the outside diameter, must lay out the gear to full size and 
scale it up, as hand-books do not give any formulas for find- 
ing the desired diameter. 

This is annoying as it requires the stretching of another 
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sheet of paper and thus takes quite a little time. AS a con- 
sequence the following formulas were deduced, to get rid 
of this difficulty and afford a quick method of arriving at the 
desired result: 
R =One-half pitch diameter of required gear. 
R,= One-half pitch diameter of meshing gear. 
0 =Pitch angle. 
Whence 
D=da+.6 P Cosine 0. 
2 Cosine 0 
D=d+— 
Pp 
Or to avoid trigonometrical expressions: 
.6 PR, 


VR + R? 
2 Ri 
D=da + —— 
PyR + R? 
The following (see the cut) is an actual case in which the 
above method was used, and may help to illustrate its use. 

Bevel gear: 
a@ = 20.375. inches. 
P =2 inches 


D=dad+ 


R =10.1875 inches 
Ri 5 lLomiuueles 


6X 2 X 5.719 
D = 20.375 + aaa 


= 20.3875 + .59 = 2034 inches 
108.8 + 82.7 
Bevel pinion: 
= 11.4375 inches 
(Ppa—2inches 


R =5.719 inches 
R,=10.1875 inches 


.6 X 2X 10 1875 
a = 11.4875 4 1,05 = 124 inches, 


32.7 + 103.8 


AS TO. + 


ALE H. 


THE METRIC SYSTEM IN THE MACHINE SHOP. 


Editor MACHINERY: 

As the metric system of weights and measures seems to be 
making considerable progress in this country, it is a good 
plan for mechanics to become familiar with it so as to keep 
abreast of the times and so that if Congress should eventually 
pass a bill making the metric system compulsory after a 
given time they will be prepared for the change. 

The chief objection to the metric system is really an ob- 
jection to the present system of notation (the Arabic), which 
has 10 for a base. It is said that if the human race had 
peen created with six fingers on each hand instead of five 
the base would have been twelve, and if they had neglected to 
count their thumbs the base would have been 8. Hither of 
these numbers would have been better than 10, as they could 
easily be sub-divided a greater number of times. When France 
first used the metric system it was applied to divisions of the 
circle and time in astronomy and navigation, but this was 
found unpractical owing to the base being 10. The system 
was then confined to weights and measures, and has gradually 
been adopted by the various countries, and seems destined 
to become universal. The advocates of the metric system 
have probably been over-zealous in its cause, and, on the 
other hand, the opponents have said things against it that 
are not justified by fact. 

But on the whole, the adoption of the metric system seems 
to be desirable, as our units of weight and capacity have no 
relation to those of measure, and other countries cannot use 
them in trade with us without considerable inconvenience; 
and we ourselves are put to a good deal of labor in reducing 
measures to a common denomination, which in the metric 
system would be very simple. For machine shop measure- 
ments, however, the English system is superior to the metric, 
because the foot and inch can be readily sub-divided into 
halves, quarters, etc. 

There may be ways to obtain all of the advantages of the 
English system and still conform to metric units. Had the 
meter been made 40 inches long instead of about 393g inches 
the metric system would probably have been adopted by Eng- 
lish speaking people long ago, in order to have a universal 
standard. It is not likely, however, that the length of the 
‘meter can be changed by the countries using it. A meter con. 
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tains 1,000 millimeters and 1000/40 gives 25 millimeters, which 
is nearly our present inch. Calling this one-fortieth meter, 
I would suggest a supplementary table of linear measure- 
ments for machine shop use as appended: 

25 Millimeters = 1-40 Meter. 

4 Fortieth Meters — 1 Decimeter. 

10 Decimeters = 1 Meter. 

This table would enable us to subdivide the one-fortieth 
meter the same as we do our inch at present. This would be 
of great convenience both in the drawing room and machine 
shop. The scales graduated into millimeters and centimeters 
are not so convenient for drawing purposes; one is rather too 
fine, corresponding to 1-32 of an inch; the next higher division, 
the centimeter, is 10 times as large, and in the machine shop 
to express fine measurements we use the fraction of the milli- 
meter. For example: To make an allowance for a shrink 
fit for a shaft about 3 inches in diameter (which is about 
.006 inch) we would have about 8-50 of a millimeter. If the 
meter was divided into 40 parts our scales and micrometers 
could be graduated the same way as at present. 

Ordinarily the decimeter need not be used, everything up to 
one meter being expressed in fortieth meters. This would be 
a better way of marking dimensions on drawings than feet 
and inches. Instead of using our two-foot rule the meter 
measure folded in four parts would make each part nearly 10 © 
inches long, and if it was divided into 40 equal divisions and 
subdivisions, there would perhaps be fewer mistakes made and 
time would be saved in using it instead of the two-foot rule. 
The number 40 can be subdivided into halves, quarters and 
cighths, so that it is more convenient for subdivision than 
our dollar of 100 cents. 

It is quite likely that the difficulty of changing to the metric 
system has been magnified. Of course there would be some 
extra labor in making the change. New measuring instru- 
ments would have to be procured, etc., but once the change 
was made we would get along in the shop the same as before. 
Much time would be saved in making calculations, estimates, 
etc., but the greatest benefit would be felt in our foreign trade, 
as our weights and measures would harmonize with those of 
the Old World, and England would be likely to soon follow us 
in adopting the system. 

Now, supposing that in five years we were compelled to use 
the metric system as the only legal standard of weights and 
measures, what would be the result? This would give time 
enough so that we would be fully prepared for the change, 
and there ought to be very little trouble in making it. Prob- 
ably before that time considerable new machinery would be 
designed and made to metric measurements. Machines al- 
ready designed and on the market could be made from the 
same patterns and with the same tools as before. Standard 
screw threads and pipe threads would probably not be 
changed, as there seems to be no metric standard of screw 
threads used by the different countries, although one was 
recommended in 1898 by the International Congress for the 
Standardization of Screw Threads. This system was given in 
the supplement of Macuinery for March, 1901. If it was 
required to cut metric screws the same lathes in use at present 
could use the same change gears by adding to the set translat- 
ing gears. One inch = 127-50 of a centimeter; if we use two 
gears of 127 and 50 teeth for a compound it will enable the 
cutting of threads in terms of the centimeter instead of the 
inch. For example: Required to gear a lathe having a lead 
screw of 6 threads per inch to cut 4 threads per centimeter. 
6-4 = 36-24. We could place the 36-T gear on the spindle 
or stud of lathe; 127-T gear as a follower or first gear on 
compound stud; the 50-T gear as the second driver, and the 
24-T gear on the lead screw. It should be remembered that 
the 127-T gear should always be a follower, and the 50-T gear 
a driver. For some cases the compound need not be used, 
but a 127-T gear is always required to make an English pitch 
lead screw cut a metric thread, and it should be a follower 
or driven gear. 

But if metric threads were to be the standard, metric pitch 
lead screws would be furnished with new lathes, and a lead 
screw of 4 millimeter pitch could replace the common lead 
screw of 6 threads per inch. Then the common change gears 
would answer as at present. For example: Required to cut 
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a thread of 1% millimeter pitch, with a 4 millimeter pitch 
lead screw, 
1% tr 28 


AA Cond 

and 28 on stud and 64 on screw would answer. 

The changes to the metric system would, of course, first be- 
gin in the drawing room.’ Probably during the transition 
period both systems may be necessary for a while, as repairs 
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inch axle rolling with a wheel 20 inches in diameter, will 
carry a car a distance of about 28 feet, and one 914 inches 
long for a 14-inch axle rolling with a 12-inch diameter 
wheel, will carry a drawer a distance of about 8 feet. 

This bearing requires no oiling or cleaning. It shields the 
axle and if any dirt should get on the axle it falls off in 
revolving. The axle is kept in line by the face of the hub 
of the wheel for the drawer, and its (axle) end for the 
car, aS can be seen by the sketches. 
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on machines built on the English system may necessitate this. 
The change suggested with reference to dividing the meter 
into 40 parts would enable draftsmen’s scales to be gradu- 
ated the same way as at present. It would not be advisable 
to call this one-fortieth of a meter an inch, as it might lead 
to mistakes. 

Of course the change to the metric system would necessitate 
new standard gages, tools, etc. Since the one-fortieth meter 
is slightly smaller than the inch the reamers, arbors, plug 
gages, etc., could be ground down to the new standard when 
it was not desirable to keep them for repairs on old ma- 
chines. 


East Providence, R. I. JOHN T. GIDDINGS. 


A BEARING FOR OVEN-CARS AND DRAWERS. 
Editor MACHINERY: 

Sometimes it is necessary to have a bearing in a place 
where the varying temperature causes considerable trouble 
by expansion and contraction, if it is a closed bearing. 
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Compound Wheel and Axle for Oven Cars. 


Taken altogether it makes a very practical. bearing for this 
purpose. Both car and drawer move very easily, cost but 
little to fit up, do not need attention and are not affected by 
heat. Epwin C. THURSTON. 

Providence, R. I. 


METHODS ADOPTED IN THE MANAGING OF A 
MACHINE SHOP. 
Editor MACHINERY: 

Having had charge of a shop where a great many duties 
were “up to me,” I decided to relieve my mind as much as 
possible from unnecessary worry. With this point in view 
I took a large book about 8 inches by 14 inches with about 
300 pages, and subdivided it as I saw fit. For instance, there 
were jobs continually coming up which were in no especial 
hurry, these I would jot down in the note book under the 
proper heading. If it was a job for machinists it would be 
put down under this heading; if for the office or blacksmith 
or patternmaker it would be noted in its proper place. Di- 


© 


Industrial Press, N.Y. 


Fig. 2. Another Form of “Rolling Bearing” for use on Drawers. 


We are planning a core-oven car and drawer (where the 
travel required is not great) to have a bearing like Fig. 1, 
which makes a combination for a car, and one like Fig. 2 
for the back end of a drawer. The bearing surface is made 
long enough to allow for a little more than the distance 
covered by rolling the axle, which travels with the wheel, 
being fastened to it. A bearing 2714 inches long for a 1%- 


visions were made in the book for every class of work 
throughout the shop. Whenever a man ran out of a job unex- 
pectedly on my part I had but to refer to the book and start 
him off immediately. I made small cardboard pasters and 
marked them to correspond with the subdivisions in the book 
thus: “Machine Shop,” “Office,” etc., and pasted them where 
they belonged, with the name projecting about % inch. This 
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made it possible to turn right to the place desired without loss 
of time. The note book proved to be worth its “weight in 
gold.” Each time a job was given to a man from the book a 
lead pencil line through the note showed it was ‘“‘a dead one.” 

It was very necessary for me to refer to the material order 
books quite often. Finding this was very annoying and took 
a great deal of valuable time, owing to the fact the books used 
were ordinary duplicate order books, each order having its 
own number, I instructed the clerk to do as follows: Keep 
a record of each order on the front inside cover of the book 
as the orders were made out and when the book was finished 
transfer names and order numbers to inside back cove1 of 
book, but in a classified form, that is, alphabetically. This 
was a very easy matter when the book was completed. For 
instance, the order book ran from order No. 450 to No. 525, 
and the first order in the book was to Blank & Co., then it 
would be immediately jotted down in the front of the book. 
Say the next order was See & Bro., followed again by Blank 


& Co., etc. Then the columns would appear thus: 
Blank & Co., 450—452—456— 
See & Bro., 451—454— 
Angel, A., 453— 


Doolittle & Co., 455— 
Then when, as previously stated, the list was classified and 
transferred to the back of the book, the above would appear 
in this manner: 


Angel, A., 453— 

Blank & Co., 450—452—456— 
Doolittle & Co., 455— 

See & Bro., 451—454— 


From the foregoing it can be readily seen that with very 
little work it is possible to keep the order books in such 
shape that any order can be located at once at any “stage 
of the game.” Pasters on the outside of books show the order 
numbers and dates thus: 

Jan1,’02. Feb. 4, 702. 
450 — 525 


Chicago, II. Rost. A. LACHMANN. 


LACING BELTS. 
Editor MACHINERY: 

Figs. 1 and 2 show a way of lacing or sewing a belt, which 
is not new but which has some good features that are often 
overlooked. I have found that a feed belt for a lathe or drill- 
press joined in this way lasts longer than any other style I have 
ever tried. 

In making a splice of this kind care should be taken in lay- 
ing out the holes to space them exactly the same distance 
apart and this distance should be the amount that will be gen- 
erally cut off when the belt is taken up; or ona long belt the 
distance may be made half of this amount, and when the belt 
needs to be taken up, cut off one or two rows of holes as the 


Industrial Press, N.Y. 


Fig. 1. Fig. 2. 


case may be and punch new holes further back to match the 
other half. This kind of lacing is to be recommended for any 
place where a belt is. kept very tight and gives trouble from 
tearing out the holes and breaking laces when laced in the 
ordinary way. 

The holes are made much smaller and a very small lace used, 
and is sewed together the same as a harnessmaker sews a piece 
of work, i. e., by drawing both ends of lace through the same 
hole at same time from opposite sides. The larger belt shown 
in Fig. 2 is done in the same way, except that the loops at 
A and B are used to keep the ends of belt down in place and 
are made with one end of the lace only. When this point is 
reached it is best, if there is any difference, to use the longest 
end of lace to make this loop. 


Watervliet, N. Y. Wit, lab, Ieyanid, 
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A COMPOUND GEARING ARRANGEMENT. 
Editor MACHINERY: 

Having a lathe which was single geared and desiring to in- 
crease its thread-cutting capacity, I arranged it for com- 
pound gearing, as shown in the accompanying sketches. 

Fig. 1 shows the original- gearing on the lathe, with which 
I could cut from three to 48 threads per inch. I removed the 
key from the end of the lead screw and in place of the gear D, 


—— 
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Fig.4 
Method for Compounding a Single-Geared Lathe. 


shown in Fig. 1, I screwed on the extension shown in Fig. 2. 
A keyway was cut in this extension, so that the long key B 
extended from the end of the shoulder at C through A and into 
the keyway in the end of the lead screw. It thus locked the 
extension onto the lead screw and also provided a key for the 
gear D. The notch in the key is to facilitate its removal. 

In the place of the original intermediate stud I substituted 
the stud shown in Fig. 8. On this stud the gears were separ- 
ated by the collar, while a key, running the entire length of 
the sleeve, made the gears run together. 

The complete arrangement is shown in Fig. 4. By making 
this alteration I am now able to cut from 1 to 144 threads per 


inch. 


Meriden, Conn. JAMES P. HAYES. 


PUNCH PRESS AND DIE. 
Editor MACHINERY: 
Accompanying this is a sketch of a small punch press and 
die for cutting washers from any kind of soft material. By 
the peculiar construction of the combination die a complete 


Industrial Press, N.Y. 


Small Press for Punching Washers. 


washer is cut at each stroke of the press. It also has the 
additional advantage of a quick and easy interchange of the 
various sizes of dies in the same press. 

After the casting has been bored and reamed the taper 
hole in the base should be line-reamed with a reamer whose 
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shank is a snug fit in the long %4-inch hole. This will insure 
the absolute alignment of all punches and dies, without the 
necessity of clamping the die to the press. To obtain the 
best results both the punch and, die should be ground all 
over; but some may think this an unnecessary refinement. 
On thick material, however, the. hole in the die should be 
given a little draft to allow the punchings to drop through. 
It should not be excessive, though, as this will increase the 
size of the hole at each successive grinding. 

I have obtained the best results on mica and fiber by leav- 
ing the die almost glass-hard. Because of the numerous small 
parts such as springs, screws, etc., it might be inferred that 
there is much repairing connected with the successful opera- 
tion of the press; but I have found that this may be avoided 
by a little care in construction. The stock to be used need 
not be any particular size or shape and on small washers 
good results have been obtained by using scrap. 

New York. H. J. BACHMANN. 
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the carriage travels from one end of the bed to the other, the 
pulleys are arranged as shown in the diagram, Fig. 3. As will 
be seen in the vlan, the faces of the pulleys J and K are made 
ot extra width so as to allow a liberal cross adjustment of 
the driving mechanism on the carriage. 


Connersville, Ind. E. M. BURGESS. 


HOW A LONG JOB WAS DONE ON AN OLD 
PLANER. 
Editor MACHINERY: 

About ten years ago I had the pleasure (7?) of occasionally 
using an old planer, one of the kind with but one belt and a 
return motion through gears. During the cutting stroke 
power was transmitted from the pulley to the table-rack 
through a train of eleven gears. The best of the bearings 
were worn not less than 1-16 inch loose and all the teeth 
(that were left) were worn to a knife edge, so there was quite 
a period of rest at the end of each stroke to take up the lost 
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Splining Machine made from an Old Lathe. 


A HOME-MADE SPLINER. 
Editor MACHINERY: 

Fig. 1 shows the plan and Fig. 2 the elevation of a very 
serviceable splining machine which was made from an old 
lathe. 

One end of the shaft to be splined is supported by the center 
A, while the other end is held in the chuck B. The keyway is 
cut by a milling cutter carried on the spindle GC. Handles 
D and HE with their feed screws provide for the adjustment of 
the cutter both centrally and vertically. The carriage F carry- 
ing the cutting mechanism is fed along the bed longitudinally, 
py the lead screw G, driven by the bevel gears P. 

The machine is operated by a belt running on the tight and 
loose pulleys N and O, while the cutter is driven by the belt 
H. In order to maintain a constant tension in this belt, while 


motion in the gears and bearings, and the motion of the table 
that followed was not unlike that of a tin can tied to a dog’s 
tail. 

The table was of the thin, flexible kind and had a piece 
three feet long spliced on at both ends, adding more to the 
length than to its stiffness, and often when I see a rainbow 
it reminds me of that planer table at the end of a long stroke. 

One day an unusually long piece of work came in. It was 
so long indeed that I had to remove part of the scrap-heap to 
give the table room to travel. I got the work bolted on all 
right, but then my troubles commenced. The table, when 
near the end of its stroke, hung down badly and was so nearly 
overbalanced that the rack raised out of mesh with the bull- 
wheel. I hardly knew what to do; the job was not very par- 
ticular, but with the table getting one end down and the other 
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up in the air no job at all could be done. I wanted to get a 
pulley block over each end of the table and have ropes with 
weights to counterbalance the ends of the table when travel- 
ing in air, but nothing suitable for this arrangement could be 
found around the shop, so I had to resort to other means. 

I found a piece of 1-inch x 3-inch iron and had the black- 
smith give it a quarter twist. A stout pin was put through 
it near the bottom end and two turned cast-iron rollers were 
mounted on the pin, one on each side of the piece. The piece 
was bolted to the cross-rail, just alongside of the head. Then 
by screwing these rollers down tightly against the table by 
means of the cross-rail screws I succeeded in holding the 
table down on the ways and the rack in mesh with the bull- 
wheel until a fairly good job was done. 

One good feature about this old planer, or at least one that 
helped some in this case, was its flexibility. The work was 
such that I could not keep the chips away from the rollers 
that held the table down, and when a handful would fall right 
in front of these I expected a smashup, but it was fun to see 
that cross-rail accommodate itself to the circumstances and 
allow the rollers to climb over the chips in fine shape. 

There are still many of these old planers scattered through 
the country, and some of them still capable of producing good 
work when skillfully handled. But what can be done on a 
machine is not a measure of its usefulness in the shop; good 
work can also be done and has been done with chisel and file, 
but the time element is too important a factor to be ignored, 
and if these old-timers were placed in direct competition with 
modern heavy, stiff, quick-acting planers it would be an oda 
kind of a job indeed on which the modern tool would not prove 
a better investment than those made shortly after Noah’s 
time. 

The firm who owned the old planer mentioned above failed, 
as many firms with such equipments do. 

In the August issue of MacuINnery Mr. J. T. Giddings advo- 
cates the use of formulas for finding speeds of pulleys and 
gears. I don’t know how it may be with others, but I rarely 
resort to formulas for such simple calculations. I think Mr. 
Giddings would find that all these can be solved on the slide- 
rule in less time than it takes to solve by a formula. 

Grand Rapids, Mich. CORNEIL RIDDERHOF. 


LAYING OUT A WORM GHAR PATTERN. 
Editor MACHINERY: 

A few days ago I was asked to make a small worm con- 
veyor pattern, 2 inches in diameter, 144 inch pitch and 8 
inches long. I am sure that some of your readers will remark 
on reading this: “That’s old; every patternmaker knows how 
to make a worm gear.” Twenty years’ experience and close 
observation have proved to me, however, that not one-half 


know how to lay out one, much less to make one. I will 
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Laying Out Pattern for a Worm. 


simply state my method of tracing the lines on the turned 
pattern. I have traced these lines with a flexible flat spring, 
also with paper cut to the pitch angle and by other methods 
in common use, but a better method in my estimation is the 
following: After turning the pattern to the required di- 
ameter, as indicated in Fig. 1, roll a piece of thin paper on 
the circumference. Now remove and pitch, and draw lines 
as in Fig. 2, then glue to the pattern. This gluing to the 
pattern is the “kink” that brings success. 
Tero] op 
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DEVICE FOR CUTTING OIL GROOVES. 
Editor MACHINERY: 

The accompanying sketches show a device, which I have 
used for cutting blind oil grooves in bearings, that may be 
of interest to MACHINERY readers. 

Fig. 1 shows the bearing for which this device was de- 
signed, but it can easily be adapted to any style of bearing 
or used for grooving the hubs of loose pulleys. 


OIL GROOVE \ 


ie 
Fig. 1. 
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The base A has an inclined hub in which is forced the 
hollow bushing B, the outside diameter of which is the same 
as the hole in the bearing. Sliding in this bushing is the 
plunger C through which is drilled a hole perpendicular to 
the drill table. In one side of the bushing is a slot D through 
which the point of the drill projects a short distance, as shown 
at E in Fig. 3. This cuts the oil groove in the bearing. The 
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Drill Jig for Cutting Oil Grooves. 


amount that the point shall project, and consequently the 
depth of the oil groove, is regulated by the collar F which is 
held at the desired place on the drill shank by means of a 
headless setscrew. 

The key @ runs in the slot and prevents the bushing from 
revolving and also acts as a stop to prevent the plunger from 
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coming out of the bushing. The shoulder at the top of the 
plunger serves as a gage for the depth of the oil groove. 

To use the device, the bearing is slipped over the bushing 
as shown in Fig. 2. A lug and setscrew H serve as a gage to 
locate the groove at the proper place in the bearing. The 
drill is fed down through the plunger as far as the collar fF 
will allow and then drill and plunger together are fed down 
through the bearing until stopped by the shoulder on the 
plunger. The base A is left free to slide along the drill table 
to provide for the change of position due to the inclination of 
the plunger. 

When the drill is withdrawn a spring K returns the plunger 
to its original position. A hole L, drilled in the end and side 
of the plunger, allows for the escape of the chips. As the 
cut is very light the drill may be run at a high speed and 
rapid feed. CHARLES THIEL. 

Lawrence, Mass. 


TOOL FOR TURNING BALL BEARING RINGS. 
Editor MACHINERY: 

At a shop with which I was connected we were making 
pieces, as shown in Fig. 1, at the rate of 1,200 per day. They 
were ball race rings for use in the steering heads of cycles. 
It was necessary that the groove should finish perfectly smooth, 
which necessitated continual grinding of the tool. The first 
tool we tried consisted of a shank containing three loose cut- 
ters, with a ring and set pins to hold them in position. This 
worked very nicely as regards finish, and we used it for a con- 
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Fig.3 
Formed Cutter for Annular Grooves. 


siderable time. The loose cutters were cut at an angle as 
shown in Fig. 2. When made in this way they could be ground 
without losing their shape, which of course was absolutely 
necessary. To find anything to beat this for cheapness ap- 
peared somewhat difficult, but we have since made a tool that 
does beat it, not only in cheapness, but likewise in convenience 
of grinding and setting. When replacing the loose tools after 
grinding considerable time was wasted in resetting; it is 
obvious, that only a slight variation in the diameter of the 
groove would make a defective bearing, as the rings are used 
in pairs. 

The tool shown in Fig. 3 is so simple that it can be ground 
and reset by the operator, thus dispensing with the aid of a 
toolmaker. One of these tools has made as many as 6,000 pieces 
before it was worn out. After hardening, I find it necessary 
to grind about 1% inch off the cutting edge before using, owing 
to spring in turning tool, which causes the tool to run off at 
A, and so round the cutting edge, causing it to rub; in fact 
the first one I made would not cut at all through neglecting to 
do this. 


Birmingham, Eng. J. C. HAFNER. 


SOME HINTS FOR DRAFTSMEN. 
Editor MACHINERY: 

Many draftsmen have a habit, and a very good one, of coy- 
ering the drawing board at night. The majority use a sheet 
of paper for this purpose; the writer has found that a piece 
of table oilcloth forms the best covering, as it will not tear; 
it is heavy, therefore lies flat, and is cheap. In regard to the 
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color to select, white is to be preferred, as dirt can be easily 
seen on it. To clean, just wipe the glazed side with a damp 
rag; the rough or unglazed side should be placed next to the 
drawing. For convenience and to prevent its cracking, tack 
a stick of wood at one end; it can then be rolled up when 
not in use. 

Frequently a little drop of ink gets down to the edge of 
the tee-square; the draftsman cees it, and nine times out of 
ten he pulls his tee-square downward, with the result that he 
has a very beautiful ink spot ornamenting his drawing. To 
prevent this it is a good plan to take a slight shaving from 
the bottom edge of the blade of the tee-square. This can be 
readily done by scraping the edge with a piece of glass. 
Triangles may also be treated in this way. 

In most cases where it is necessary to erase a small part of 
a finished drawing it cannot be done without erasing a num- 
ber of other lines, which, of course, adds to the pleasure of 
the draftsman, that is, if he is a saint. If, however, the 
draftsman will take a piece of waste drawing paper and cut 
out an opening a trifle larger than the portion to be erased and 
place this over the drawing, then by holding it firmly in place 
with one hand, he may erase the portion without disturbing 
any of the other lines. When the part to be erased is circular 
the opening in the piece of drawing paper is best made by 
using the low dividers set to the proper radius and turning it 
around until the paper is cut through. 

In regard to the stool used by draftsmen, the writer does 
not like those with a solid wood seat, as a lake is likely to be 
formed in the hollow by an innocent chap walking by with a 
wet sponge accidentally losing some of its water, much to the 
discomfiture of the owner of the stool when he sits down, and 
to the amusement of the other occupants of the room. 

New York. CHARLES G. PEKER. 


AN IMPROVED SPANNER, 
Editor MACHINERY: 

The spanner shown in Fig. 1 may not be new to all your 
readers, but it is an improvement over the form shown in 
Fig. 2, which is the kind usually sent out with drill chucks, 
etc. The trouble with the old kind is its propensity to act 
as a lever with the fulcrum at A, in which case the hook B 
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Fig. 2 


draws out of the notch so that the spanner slips off. In fact, 
it is not uncommon to see a workman using a bar or some 
near-by tool to hold the hook into its notch while the chuck 
is being turned. In the construction shown in Fig. 1 a hole 
is drilled into the handle into which a pin CO is driven which 
will fit loosely into a hole in the chuck. In using this span- 
ner it is necessary to push instead of pulling upon the handle. 
3 MWe dee Se 
* * * 

Tests were conducted last May by the Automobile Club of 
America to determine the distance in which an automobile 
can be brought to a full stop by the application of the brake, 
when running at different speeds. Seventeen automobiles 
of different types were tested and their speeds were estimated 
by running them over a course of 1/10 mile. The average 
results as reported by the technical committee of the club, 
were as follows: Running at about eight miles an hour, the 
vehicles stopped at an average distance of nine feet; at a 
15-mile speed the stop was accomplished in an average of 29 
feet, and at 20 miles the average distance was 53 feet. 
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HYDRAULIC COMPRESSION OF AIR.* 


METHODS OF COMPRESSING AIR BY FALLING WATER— 
THE EFFICIENCY OF THIS METHOD. 

Probably one of the oldest applications of the use of water 
power to the wants of man was a form of hydraulic air com- 
pressor which operated as an entrainment apparatus. This 
was the well-known water bellows or trompe of the Catalan 
forges. 

This apparatus, briefly described, consisted of a bamboo 
pcle, disposed at a slight inclination from the perpendicular, 
into the upper end of which a stream of water was led, en- 
training air with it in its downward passage. The low end 
of this bamboo pole was introduced into a bag made of the 
skin of some animal, the air being allowed to escape from the 
water into the upper part of the bag, whence it was led by 
pipes or tuyeres to the forge, the water being allowed to 
escape from the lower edge of the bag. From this original 
device a great many improvements have been worked out, 
and besides this a number of other forms of hydraulic air 
compressors, or of compressors using other liquids for com- 
pressing air or other gases, have been designed. 

One of the first inventions carrying out this idea was made 
by J. P. Frizell, Boston, Mass. His invention made use of an 
inverted syphon having a considerable horizontal run D be- 
tween the two legs A and B. A stream of water was led into 
the upper end of the longer leg A, and at the top of the hori- 
zontal run D between the two legs of the syphon was pro- 
vided an enlarged chamber 0 in which the air separated from 
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the water. The water was then led off from the lower part 
of this air chamber and passed off through the short leg B 
of the syphon, the pressure of the air accumulated in the air 
chamber being therefore due to the height of water main- 
tained in the shorter leg of the syphon. This application of 
carrying upward the water, after the air was separated from 
it, so as to produce a considerable pressure upon the air, seems 
to have been original with Mr. Frizell, and in this feature his 
device differs from the old trompe. 

Another device, Fig. 2, differing somewhat from that of 
Mr. Frizell, was invented by A. Baloche and A. Krahnass in 
1885, and consisted of a syphon B carrying water from an 
upper to a lower reservoir, the lower end of the syphon being 
projected through an inverted vessel R placed nearly at the 
‘bottom of the second reservoir. Just beyond the bend of the 
syphon and in line with the axis of its longer leg, an air pipe 
T projected into the descending leg of the syphon. This en- 
trained the air with the descending column and carried 
it down into the inverted chamber R, from which the air es- 
caped at the top, while the water passed out from the bottom 
into the lower reservoir. This apparatus produced pressure 
on the air in the top of the inverted chamber, due to the 
height of the water column upon it. 

Another device, Fig. 3, patented by Thomas Arthur in 1888, 
differs from the last in having a stream of water led directly 


* From a paper by Wm. O. Webber read before the N. E. Cotton Manu- 
facturers’ Association. 
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into the top of the vertical pipe A. Inserted into the mouth 
of this pipe was a double cylindrical cone OC forming an an- 
nular air passage between it and the walls of pipe A. 

Owing to the increase in the velocity of the water in pass- 
ing through the narrow throat of the double cone, air is in- 
haled through the pipe D, through the annular space men- 
tioned and through perforations in the lower cone, and is 
entrained with the falling water. 
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Fig. 3. 


Fig. 2. 


Through the downflow pipe A rises a vertical delivery pipe 
Z for the compressed air, having its lower end H enlarged and 
open at the bottom. Projecting upward into this enlarged air- 
delivery pipe was a water escape pipe F through which the 
water passed after having parted with the air. The escape 
pipe was in the form of an inverted syphon and maintained on 
the air in the delivery pipe Z a pressure due to the elevation of 
the water at the discharge point above the air line in the large 
end of the delivery pipe. 
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Fig. 4. Taylor System. 


A number of other patents on apparatus of this type have 
been issued to Charles H. Taylor. His invention, Fig. 4, con- 
sisted principally of a downflow passage having an enlarged 
chamber at the bottom and an enlarged tank at the top. A 
series of small air pipes project into the mouth of the water 
inlet from the large chamber at the upper end of the vertically 
descending passage, so as to cause a number of small jets of 
air to be entrained by the water, Taylor seemingly having been 
the first to introduce the plan of dividing the air inlets into a 
multiplicity of smaller apertures evenly distributed over the 
area of the water inlet. 
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The first of these compressors on the Taylor principle was 
installed at Magog, Quebec, to furnish power for the print 
works of the Dominion Cotton Mills Company. The head of 
water is 22 feet; the downflow pipe extends downward 
through a vertical shaft 10 feet square in cross section and 
128 feet deep. At the bottom of the shaft the compressor 
pipe enters a large tank, which is known as the air chamber 
and separator. 

A series of very careful tests demonstrated that with 19.5 
feet head, using 4,292 cubic feet of water per minute, was 
recovered the equivalent of 1,148 cubic feet of free air per 
minute, which would represent 248 cubic feet of air per miti- 
ute compressed to 53.3 pounds pressure, showing that out of a 
gross water horse power of 158.1, 111.7 horse power of effective 
work in compressing air was accomplished, giving therefore 
an efficiency of 71 per cent. In the tests at Magog 81 horse 
power was recovered, using as a motor an old Corliss engine 
without any changes in the valve gear; this would represent 
a total efficiency of work, recovered from the falling water, 
of 51.2 per cent. 

When the compressed air was pre-heated to 267 degrees 
Fahrenheit, before being used in the engine, 111 horse power 
was recovered, using 115 pounds of coke per hour, which would 
equal 23 horse power. The efficiency of work recovered from 
the falling water and the fuel burned would be, therefore, 
about 6114 per cent. On the basis of Prof. Riedler’s experi- 
ments, requiring only 425 cubic feet of air per brake horse 
power per hour, when pre-heated to 300 degrees Fahrenheit, 
and used in a hot air jacketed cylinder, the total efficiency 
secured would have been about 8744 per cent. 

In what follows will now be given an estimate of the prob- 
able efficiency of different methods of using the power of a 
water fall. First are tabulated the results that it is reason- 
able to expect when using turbines and transmitting power 
by belts and shafting; second by electrical transmission from 
generators connected to turbines; and finally by an hydraulic 
air compressor. The compressor, it will be seen, gives the 
apparently remarkable result of over 100 per cent efficiency. 
This is due to pre-heating and moistening the air, however, 
and not to a reversal of mechanical laws. 

Given" HOSE POW CLO law Lelpae pein ieienckepole ie 1,000 horse power. 
Wheels at 85 per cent efficiency............ 850 “ $f 
Shafting, pulleys and belts at 80 per cent.. 680 aS ie 
or a total net result of 68 per cent, wheels being at full gate 

and allowing the minimum loss for friction of shafting. 


With wheels as usually run at part gate, the results would 
be as follows: 


Given horse power of water.............. 1,000 horse power. 


Wheels at 75 per cent efficiency............ Oe Ss 
Shafting, pulleys and belts at 50 per cent 
(AVETALC) ise Ocak scare Ha mereae coe mermererebs 375 ws os 


or 37% per cent of the whole power; both of the above being 
directly at the site of the water power. 


In order to transmit power to a distance, we must take 
again: 
Horse, power Of swatera....= series es 6 1,000 horse power. 


Wheels at 85 per cent efficiency........... 850 beg Sx 
Generators at 92 per cent efficiency........ BX st 
Transformers at 92 per cent efficiency...... 720 os ye 
line at) 95 per cent efficiency ayn... .. HX of 


Converters at 92 per cent efficiency........ 625 e cr 
or about 6214 per cent of the whole. 
and direct connected with motors at 90 per 


CONtBSMICTON GY ean5 occ ican ene 565 oe we 
or 5614 per cent of the whole, or if belted 
at) 9Os per Cent emiclenGyea. asic een 508 a co 


say 51 per cent of the whole. 

By the use of an hydraulic air compressor: 
FLORSe POWer OL WateIinic ccm cust ore eset 1,000 horse power. 
Hydraulic compressor at 75 per cent ef- 


FICTEIICY? Se ace ee cies eter a totenewe ote Ne nf 
Pipe line efficiency at 98 per cent.......... 735 as ee 
Pre-heating dry air adds 50 per cent. } 

Moistening dry air adds 50 per cent. } NEAT OS ae ee 


= MOO RPCTUCEMU. pcedialcceedeeisiee ote 


Air engines or motors at 78 per cent efficiency 1,145 “ oe 
or 114.5 per cent. 


and if belted at 90 per cent efficiency...... LOS sf 
or 103 per cent of the whole as a resultant effect. 
To estimate the efficiency of hydraulic compressing, taking 
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into account the water absorbed by the air and the coal used 
in heating the air, we have the following: 

The weight of a cubic foot of compressed air at 85 pounds 
and at 70 degrees Fahrenheit, equals .58. 

One thousand horse power would represent 750,000 cubic 
feet of 85-pound air per hour; this would equal 382,000 
pounds of air, and as one pound of air will absorb .58 pounds 
of water, we would require 221,500 pounds of water per hour. 
The labor represented by forcing 221,500 pounds of water per 
hour, equal to 3,700 per minute, against 85 pounds pressure, 


195.5 X 3700 


equals 195.5 feet would be equals about 22 horse 


33,000 

power, and as pumps give an efficiency of 50 per cent, equals 
44 horse power of work by pump, or 4.4 per cent of the whole 
1,000 horse power, this is therefore to be deducted: The coal 
used in heating the air, which is about one-half pound per 
horse power per hour, would also represent an amount of 
work equal to 75 horse power, or 714 per cent of the whole 
1,000 horse power. This added to the 4.4 per cent as above 
would equal an amount of 13 per cent to be deducted, equals 
87 per cent of the whole horse power, or 1,030 * .87 = .896, 
or 89.6 per cent as a final result of all, as against 561% per 
cent by electricity, or 68 per cent by water wheels at their 
best, or 87144 per cent by water wheels at the average. 

That our results are within the bounds of reason is shown by 
the fact that 75 per cent X 98 per cent X 200 per cent X 78 
per cent < 87 per cent — 99.5 per cent. 


* *k * 


EVAPORATIVE CONDENSER. 

Since the ordinary jet or surface condenser for steam 
engines requires anywhere from 20 to 40 pounds, or more, 
condensing water per pound of steam delivered to it from the 
engine, it follows that a type of condenser that consumes, 
say, only 6-10 pound of water per pound of steam should 
possess a considerable economical advantage where water 
rates are high. The July issue of Power contains a descrip- 
tion of what is called an evaporative condenser in which a 
spray of water is drawn through the tubes of a surface con- 
denser, together with a current of air, by a fan exhauster. 
The success of the device depends on the principle that the 
evaporation of one pound of water requires as many heat 
units as will be abstracted from one pound of steam when it 
is condensed, pressures being equal of course. So if a steam 
coil containing steam at atmospheric pressure (temperature 
212 degrees F.) was sprayed with water, each pound of water 
evaporated on the exterior should in theory condense one 
pound of steam on the interior of the coil. In this device a 
portion of the heat is absorbed by the current of air and the 
unevaporated water. A test was made in Chicago of this con- 
denser connected to a simple automatic engine 12% by 20 
inches running at 156 turns per minute for a period of 16 
hours; steam pressure 90 pounds. The pounds of steam con- 
densed was 24,010; total consumption of spray water, 48,000 
pounds; less spray water returned, 33,600 pounds; actual 
amount of spray water consumed, 14,390 pounds. 


Co * % 


The proper ratio of the diameter of a wire cable to the 
pulley sheaves over which it runs should be carefully ob- 
served if the maximum life of the cable is desired. Experi- 
ence has shown that it should not be much less than one to 
forty where the cable is in constant use, as in elevators. This 
means that if the cable is one inch in diameter the sheaves 
should be forty inches in diameter or more. It makes no 
difference whether the cable makes a turn of 180 degrees or 
less, the stress on the cable is just the same so long as it is 
constrained to the curvature of the sheave for even a short 
arc of its circumference. To illustrate the effect of sheave 
diameter on cable life the experience of a writer in a con- 
temporary may be mentioned. He found a plant in which 
two five-eighth-inch cables passed over an 18-inch sheave 
carrying a 700-pound counterweight. The factor of safety was 
thirty to one, yet the life of the cables was only two years. 
One-half inch cables were substituted, which reduced the 
factor of safety to twenty-five, but doubled the life of the 
cables. 
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CONTRIBUTED NOTES AND SHOP KINKS. 


POINTING TOOL HAVING CIRCULAR CUTTER. 

E. M. Lehman, Chicago, Ill., designed and used the pointing 
tool here shown, some ten years ago. The cutter is about 
two inches in diameter, which therefore gives about six inches 
of cutting edge that can be used and made dull before it is 
necessary to sharpen it. When one section of the cutting 
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edge becomes dull, the cap screw is loosened and the cutter 
shifted around about 3-16 inch, thus bringing a sharp section 
into contact with the work, and so on around until the whole 
circumference is made dull. 


PATTERNMAKERS’ LATHE FACEPLATE. 
Patternmaker writes: In pattern shops when making face 
plates it is common practice to take two or three boards 14 
inch or 114 inch thick, as the size may require, and screw the 
patten on back, as shown in the sketch. I go just a little 
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farther and screw on segments of the same thickness as the 
batten shown at B. In this way you more than pay the cost 
when putting hand screws on work. It is annoying to find 
your hand screw must be put on just at the edge of batten, 
but with segments the back is even all round. 


COMBINATION ARBOR. 

Robert A. Lachman, Chicago, Ill., had occasion to cut several 
steel pinions 4P. and 17T. Some of the pinions had straight 
holes and others taper holes. Most of the machines for which 
the pinions were made required two with straight holes and 
one with a taper hole, all being of the same diameter. Some of 
the machines, however, required all three pinions to have 
straight holes. It was desirable that the three pinions re- 
quired for each machine be cut at the same setting so an arbor 
was made that would carry two straight-hole pinions and one 
taper hole, or three pinions having straight holes. The pin- 
ions were bored and faced on one side while in the chuck and 
the other side was faced while mounted on an arbor so that 
the combination arbor shown here was used only for turn- 
ing the external diameter in the lathe and cutting the teeth 
in the gear cutter. The cut shows how a straight-hole pinion 
was mounted on the part of the mandrel intended for pinions 
having taper holes. A ring D was made % inch thick and 
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bored to fit the straight part of the mandrel which had been 
turned back of the thread. The external diameter of the ring 
was made the same as that of the mandrel. In this manner 
the end pinion was supported at both ends in a satisfactory 
manner. The short distance cut away from the taper bearing 
did no harm, as there was ample bearing left for supporting 
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Combination Arbor. 


the taper hole pinions. The collar H was turned to the same 
diameter externally as the bottoms of the teeth spaces so that 
it could be used for setting the cutter before mounting the 
pinion blanks on it. This obviated all chance of error in 
depth of tooth space when making the setting. 


HOW AND WHY. 


A DEPARTMENT INTENDED TO CONTAIN CORRECT AN- 
SWERS TO PRACTICAL QUESTIONS OF 
GENERAL INTEREST. 


Give all details and name and address. The latter are for our 
own convenience and will not be published 


1. Connecticut. What is the best method of reboring the 
boxes of engine lathes; can they be bored on the ways 
better than some other way? The lower half of back boxes 
have a screw in them to take up the end motion of spindle. 
2. What is the usual allowance for making shrinking fits, 
as in shrinking on collars, etc.? Is it advisable under any 
circumstances to cool with water? 3. Small lathes are often 
made so that the back bearing is formed by the end of spindle 
running in a steel bushing (tapered usually) ; which should 
be hardened, the end of spindle, or the bushing, or both? 


A. We judge from the first inquiry that you have several 
lathes, the main bearings of which have become worn and 
are to be rebored. We prefer to mount the headstock on 
ways and then bore with a rotating bar arranged to feed 
through the work, as in the case of the bar of a horizontal 
boring machine. If the boring is to be done on a lathe, how- 
ever, such an arrangement is not easy to rig up. You might 
find it feasible to bore the bearings with the headstock in 
place. We would like to have readers submit suggestions 
for doing the work. 2. Allow .002 inch per inch diameter. 
Yes, cool with water; otherwise the center will become hot 
and will not cool until after the outside parts have cooled. 
When the center finally cools it will then contract and the 
fit may be destroyed. 38. When both the spindle and its seat 
are of steel, both should be hardened. 


2. Subscriber. Please explain a method for finding gears 
to cut worms in a lathe to mesh with worm gears of dia- 
metrical pitch. 2. How can I find the angle of the teeth of 
worm gears other than by laying it out on paper? I wanta 
method that can be used in a shop where there is no drawing 
to go by. 

A. To start with the simplest case, suppose it is desired to 
cut a worm to mesh with a worm wheel of one diametrical 
pitch, and that the lathe has a lead screw with one thread 
per inch, or a screw of one inch pitch. The circular pitch of 
one diametrical pitch gear is 3.1416 inches, and a very close 
approximation to this decimal is the fraction 22—7. The 
worm, therefore, must have a pitch of 3.1416 inches, or 22—7 
inches. This fraction, 22—7 should be memorized, as it is the 
only number that one need have at hand in making change 
gear calculations for worm threads. In the lathe men- 
tioned the lead screw would advance the tool one inch for 
every revolution of the screw and would thus have to turn 
3.1416 times to advance the tool 3.1416 inches. In other 
words, the lead screw should turn 3.1416 times as fast as the 
worm which is being cut. As the fraction 22—7 is equivalent 
to 3.1416, this result would be accomplished with a 22-tooth 
gear on the stud and a 7-tooth pinion on the lead screw, or 
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gears in this ratio, say, 44 on stud and 14 on screw. Now 
suppose that instead of a lead screw of one thread per inch 
there was one with three threads per inch. The screw would 
then have to turn three timés as fast as before, to accomplish 
which the gear on the stud should be three times as large, or 
else the gear on the screw three times as small as before. 
The gearing should be in the ratio, therefore, of 3 X 22—7, or 
66—7. If the lead screw had four threads per inch the gearing 
should be in the ratio of 88—7, and if six threads, in the ratio 
of 132—7. Assume, finally, that it is desired to cut a worm 
of some pitch other than one, say, to mesh with a worm wheel 
of four diametrical pitch. The threads of the worm would 
then be four times as near together as before and the lead 
screw should turn only one-fourth as fast. The gear on the 
lead screw could thus be four times as large as in the first 
example, or the gear on the stud four times as small. With 
a three-pitch lead screw the gearing should be in the 
ratio of 66—28; with the four-pitch screw, 88—28, 
and with the six-pitch screw, 132—28. If a worm for 
a Six-pitch worm wheel were desired, then for the 
three cases the gearing would be in the ratio of 66—42, 
88—42 and 132—42, respectively. Of course it is un- 
derstood that these fractions may be reduced to their 
lower terms, in order to reduce the size of the gears. 
Thus, for a three-pitch lead screw and four-pitch 
worm we found the ratio 66—28, but it would be more 
natural to select gears 33 and 14 instead, which 
bear the same ratio as the others. The foregoing 
calculations apply only to lathes in which the spin- 
dle and lead screw make the same number of turns with 
equal gears. Where the spindle turns faster or slower than 
the lead screw, with equal change gears, allowance must be 
made for this. With compound-geared lathes the simplest 
plan is to use equal intermediate gears and to put gears 
on the stud and screw, as calculated above. 2.—The simplest 
plan is to lay out the angle, even in the shop, as it is very 
easily done with a scale and try square. In making the cal- 
culation, reference must be had to a table of natural tangents. 
Divide the circular pitch of the worm wheel by the pitch 
circumference of the worm. The quotient will be the tangent 
of the angle made by the tooth with the axis of the gear. 
Where a worm gear is hobbed it is not necessary to have this 
angle; but if a spur gear with inclined teeth is used for the 
worm gear, it of course is necessary. 
* * * 


NUTS FOR CLAMPING BOLTS—PLANER JIG. 

The nuts shown in Fig. 1 are samples of clamping 
bolt nuts used in the shops of the Cincinnati Planer Co. for 
planers and boring mills. This style of nut replaces the old- 
fashioned T-head bolt and is said to have many advantages 
over it. It may be moved along the slots to any point de- 
sired and used in connection with a common machine bolt or 
cap screw. It does not break away the edges of table slots 
and clamping bolts used with these nuts may be loosened up 


Fig. 1. 


Fig. 2. 


without the work jumping out of place, as has been the 
experience of many of us with the common T-head bolts. It 
also gives a more secure hold, as it has a longer and more 
rigid bearing in the table slot. 

Another good scheme used in the same shops, is a simple 
and efficient jig for planing the edges of dovetailed strips to 
380 degrees angle without swiveling the planer heads. The 
pieces are first planed top and bottom to the required thick- 
ness and then the edges are planed in this jig. The slot in 
the jig is planed out to the required angle so that the upper 
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edge of the piece to be planed is parallel to the planer table. 
Fig. 2 shows a short piece in a jig ready for planing. Three 
set screws are provided for clamping it and a lug acts as a 
stop to take the pressure of the cut off the screws. There 
is a height gage to which the planer togl is set for finishing. 
All work planed in this jig is sure to be exactly of the same 


angle and size. 
* * * 


HIGH-SPEED HELICAL GEARS. 

The Boston Gear Works, Boston, Mass., are devoting a great 
deal of attention to the construction of gear wheels to run at 
extremely high speeds. All of their gears for high-speed 
work are of metal instead of rawhide or fiber so extensively 
used for this purpose. While metal gears have obvious ad- 
vantages over those of softer material, they must be made 
with great accuracy to run smoothly at high speed; otherwise 


A Set of Three Helical Gears to Run at 5000 Revolutions a Minute. 


the impact of the teeth makes the gears noisy. The Boston 
Gear Works advocate some form of helical gear and they are 
prepared to manufacture either spiral gears or gears of the 
herring-bone type which will run quietly at extremely high 
speeds. These gears, however, must be cut with great care 
and their experience is that the index arrangement supplied 
with standard milling machines is not accurate enough for 
the purpose. A first-class spur gear cut by a modern gear- 
cutting machine with its large dividing wheel will run with 
less noise than an ordinary spiral or herring-bone gear, cut 
on the milling machine, and spaced with its small index 
plate. 

The style of herring-bone gear recommended is one with 
the teeth making a much less angle (usually about 10 de- 
grees) with a line parallel with the axis of the gear than in 
the old style herring bone gear having teeth usually at about 
45 degrees with this line. The accompanying illustration 
shows three special helical gears designed for speeds of 3,000 
to 5,000 revolutions per minute. These gears are for special 
work, of the nature of which we are not informed, except that 
it was necessary to have three shafts running very near 
together. The gears have only two teeth each and the angle 
made by the spiral with the axis of the gear is very small. 
Gears with two teeth will not run together, however, unless 
the faces of the gears are long enough for the spiral teeth 
to make about half a revolution from end to end of the gear 
and thus engage in the opposite tooth before the first pair of 
teeth are out of mesh. In this case the angle of the spiral 
is so small that the faces of the gears would have been ex- 
cessively long under this condition. The difficulty was over- 
come by having the angle of the spirals change abruptly at 
the ends of the teeth so that there is always some portion of 
each tooth that is driving, no matter what position the gears 
are in. The difficulty in matching the ends of the teeth 
where the angles at the center converge and those at the 
ends diverge, as in this case, can well be appreciated, es- 
pecially where the gears must run at such high rotative 
speeds. 

* * * 

For the purpose of getting the approximate volume of a 
sphere, it is usually near enough, for the purpose of a rough 
estimate, to say that it is equal to one-half that of a cube 
having edges of the same length as the diameter of the 
sphere. Thus to get the cubic contents of a sphere 8 feet in 
diameter, multiply the diameter by itself two times and the 
result by %; the final product, 1314 cubic feet, is the approxi- 
mate volume. Thus, 3X8X3xX14%4—13% cubic feet. The actual 
volume is 3X3X3X.5236=14.1372 cubic feet. 
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NEW TOOLS OF THE MONTH. 


A RECORD OF NEW TOOLS AND APPLIANCES FOR MACHINE SHOP USE. 


IMPROVED RADIAL DRILL. 

We illustrate herewith an improved radial drill built by 
the Wm. E. Gang Co., of Cincinnati. This is a machine 
unique in some of its features and well adapted to the re- 
quirements of an every-day shop tool. The frame parts are 
well proportioned, and as evidence of their stiffness it may be 


Radial Drill made by the Wm. E. Gang Co. 


mentioned that the seat of the round table is faced off with 
an inserted tooth mill 9 inches in diameter, fed to its cut by 
means of the regular gear traversing mechanism, consisting 
of rack, pinion and hand wheel. 

The lower end of the column is turned to fit in the stump, 
allowing the arm to swing through a complete circle on its 
ball bearing. The upper end of the 
column has a flat seat for the arm, 
is planed with dovetail flanges at 
the edges of the arm seat, and back 
of these again are flat seats for the 
clamps, which hold the arm in posi- 
tion and also take up any wear in- 
cident to raising and lowering the 
arm. Two screws with handles at- 
tached, working in nuts beveled to 
fit the edges of the arm seat, both 
clamp the arm and align it verti- 
cally. Any tendency to spring the 
column in clamping the arm is 
overcome by fitting a square gib in 
the opening provided for vertical 
movements of the horizontal driv- 
ing shaft. 

The arm is of box section, well 
ribbed, and is raised and lowered 
by means of a stationary screw, a 
revolving nut and tumbler gears, 
the movement being controlled by 
the small lever shown directly be- 
tween the clamping screws. The 
head is provided with an ample 
number of feeds by hand or power, 
a quick return movement for spindle, and is traversed along 
the arm by means of rack, pinion and the handwheel at the front. 

To concentrate all heavy stress of driving at the spindle 
three large gears—for ordinary drilling, for heavy boring and 
tapping, and for reverse in tapping—are placed directly on 


the spindle. The back gears are just behind them. The 
upper part of the head is made to entirely surround these 
driving gears, thus eliminating all attached bearings, afford- 
ing an excellent protection to the working parts and insuring 
the workman against injury. A lever at the right of the head 
enables the operator to quickly start, reverse, connect or 
disconnect the back gears. 

A friction feed is provided and any desired change is ob- 
tained instantly by turning the knurled knob at the left of 
the head. 

Any one of four styles of table—a round table, a plain 
square table, a plain swiveling table, or a worm swiveling 
table—can be furnished with this machine. 

The base is so designed as to give ample strength and 
stiffness, to provide ample working surface and to occupy no 
unnecessary floor space. 

The machine is provided with eight rates of spindle speed. 
Others may be added to cover special cases. 


NOVEL FOUNDRY TRUCK. 


The Northern Electrical Mfg. Co., Madison, Wis., have 
brought out an electrically-driven foundry truck, shown in the 
accompanying illustration. The first one of these was built 
for use in a malleable iron foundry. The old method of 
placing pots containing the castings in the ovens and taking 
them out again was an expensive and troublesome operation, 
requiring from six to twelve men. To remedy this, they 
equipped the truck here illustrated. 

This consists of a “Northern” back-geared motor connected 
to the truck shaft by means of a worm and gear. On this 
shaft are mounted the two truck wheels that are keyed fast 
to the shaft. The forks on the truck are mounted on an 
eccentric, the eccentric being operated by a lever that is 
shown between the motor and the controlling apparatus. By 
raising this lever the forks are dropped down low enough to 
be shoved in underneath the pot of castings, and by pulling 
the lever down to the position shown in the cut, the pot of 
metal is raised. On the front end of the truck is mounted a 
reel that contains the wire that is paid out automatically as 


Electrically-driven Foundry Truck. 


the truck is operated back and forth in the oven. On one side 
of the reel is mounted a reversible controller that operates 
the motor. This equipment is so compact and complete that 
one man can do the work of twelve in a great deal less time 
than by the old method. 
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A NEW TWO AND A HALF FOOT RADIAL DRILL 

The illustrations here shown are of a new type radial drill, 
brought out by the Mueller Machine Tool Co., Cincinnati, 
Ohio. This machine has a pipe-shaped column clamped di- 
rectly to a heavy well-ribbed base, thereby insuring the 
utmost rigidity for the arm and work spindle. The arm is 
supported by a top cap, resting on steel balls and both revolve 
easily around the column. By shifting the lower crank to 
right or left, and by the use of a cone pulley, twelve changes 
of spindle speed are instantly obtained without stopping the 


Radial made by Mueller Machine Tool Co. 


countershaft. These twelve speeds are equally divided be- 
tween the maximum and minimum revolutions of the spindle. 

The lower driving shaft is the only one in motion when the 
spindle is not used, a feature that prolongs the life of the 
machine. 

A depth gage reading from zero is on the head, which en- 
ables the operator to stop the spindle at any point, or it can 
be set to automatically throw out’the feed at a certain depth. 
A safety stop prevents automatic feeding beyond the limit of 
the spindle’s stroke. A single lever in front of the column 
operates a pair of friction clutches, and controls all starting, 
stopping, reversing, aS well as elevating and lowering of the 
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View showing Dimensions of Bench Grinder. 

arm at an increased speed. Any amount of feed per revolu- 
tion of spindle between .007 and .021 can be instantly ob- 
tained by a small friction wheel on the head. All tightener 
handles are fitted on cone-shaped screws, and by loosening the 
nut in front they can be set to clamp at any point in case of 
wear. The usual quick return to spindle and tapping device 
are also provided for. 

The net weight of machine is 3,000 pounds. It was designed 
by Mr. Oscar W. Mueller, formerly of the firm Dreses, Mueller 
& Co. 
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“LITTLE BADGER” GRINDER. 

The “Little Badger” grinder shown herewith is a bench 
grinding machine that has been placed on the market by the 
Northern Electrical Mfg. Co., Madison, Wis. The dimensions 
are shown in the line cut, and it will be noted that it is so 
small that it can be easily set wherever convenient on the 
bench. The base is heavy enough to keep it from tipping 


Electrically-driven Bench Grinder. 


even if not bolted down, while the machine is light enough 
to be readily portable. The motor is entirely enclosed and 
is dust-proof. Tool rests are arranged for grinding either 
on the face or side of the wheel. The bearings are provided 
with suitable lubricating devices; there is a take-up for wear 
and end thrust is provided for. An automatic cut-out switch 
is placed inside the stand, with which to stop and start the 
motor. 


RAPID-CUT POWER SAW. 

The cut herewith shows the improved rapid-cut power saw 
manufactured by the Robertson Mfg. Co., Buffalo, N. Y. This 
machine is strong, well made and will cut hard or soft metal 
up to 41% inches, round or square. The saw frame is hung 
in a swinging carriage frame, and the action of the crank 


Power Saw Cutting Thin Disks from end of a Bar. 


automatically relieves the drag of the saw on the return 
stroke, and thus the saw cuts faster and lasts longer. 

The sliding balance weight enables adjustment to be made 
with the greatest ease for the hardness of metals. The move- 
ment of the frame is so true in line with the crank that the 
full stroke of saw allows the cut to be made with no friction 
on the saw other than that due to the set of teeth. One hun- 
dred and fifty-four cuts have been made of a 2-inch round steel 
bar with one saw, slicing them off 1-32 inch thick; and, for a 
test, cuts less than 1-64 inch thick have been taken, perfectly 
parallel. 

When the saw has completed a cut the machine auto- 
matically stops. Te frame when raised for the next cut is 
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locked by a gravity locking lever, a most convenient device 
to apply to this type of machine. 

The drive pulley is provided with a clutch, a countershaft 
not being required. The machine is furnished with a stop 
gage for cutting a number of pieces the same length. The 
floor space it occupies is 15x34 inches; the height of the 
machine is 34 inches; the size of pulley, 2% by 14 inches; 
the length of stroke, 6 inches. 


NEW MODEL MILLING MACHINES. 

The Becker-Brainard Milling Machine Co., Hyde Park, 
Mass., have placed upon the market a new line of plain and 
universal milling machines from new designs and patterns. 
These machines, one of which is here illustrated, embody 
many new features, special attention being given to strength, 
power and rigidity in order to meet the demands of modern 
milling machine practice. 

In the universal machines the spindle is connected with 
the change feed mechanism by a train of three spur gears, 
which eliminates the usual feed pulleys and belt, giving the 
positive gear drive necessary for heavy and rapid cuts. 

The change feed mechanism obviates loss of time in chang- 
ing gears. The feed is obtained and driven by the main 
spindle through a train of three spur gears on the back of 
the machine which drive two nests of change feed gears in 
the column. By compounding the gears in the upper nest, 
the various changes of feed are secured, giving, with the 
quick change in the gear case on the outside of the machine, 
twenty changes of feed for each spindle speed. Levers, op- 
erating the change feed mechanism, are conveniently located 
on the side of the feed box. All changes may be made by the 
operator without stopping the machine or changing his posi- 


Fig. 1. Becker-Brainard Milling Machine of New Design. 


tion, by the simple movement of the levers, which brings them 
into the position indicated on the index plate. This index 
plate has each feed plainly marked on its surface, showing 
the exact position to which the levers must be brought to give 
a desired feed per revolution of the spindle. For example, if 
a feed at the rate of .017 per revolution of the cutter is to 
be obtained, lever B, shown by the cut, is placed in the notch 
3 on the lower quadrant C and then the lever A is brought to 
the line marked 3 opposite the space .017 on the index plate. 
The quick-change lever D on the lower side of the feed box 
is then moved to the hole marked “slow” and the desired 
speed is obtained. Should it be desired to increase the feed, 
lever A is moved so as to point to the line at 3 prime (marked 
with a dash below) on the index plate and .019 is obtained. 
If the feed is to be decreased lever B is moved to notch 4 
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on quadrant C and .013 is obtained. When the fast feeds are 
desired, the quick-change lever D is thrown into the hole 
marked “fast” and the same operation performed as described 
above. 

Power is transmitted from the change feed mechanism 
through the telescopic shaft connecting by gears the longi- 
tudinal, transverse and vertical feeds, which are reversed by 
a lever on the side of the knee. Both transverse and vertical 
feeds are operated and controlled by a lever, located on the 
side of the knee, which, when central, disconnects both feeds 
and when thrown into position for one feed it is impossible 
to connect the other. 

An important feature is a clutch arrangement enclosed in 
the hubs of the handwheels which operate the vertical move- 
ment of the knee and cross movement of the carriage. When 
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Fig. 2, Feed Box of Becker-Brainard Milling Machine. 


either the knee or carriage has been set to the required posi- 
tion, the clutch may be instantly disengaged by pressing in the 
knob on the front of the handwheel, thereby preventing any 
accidental change from their fixed position and also prevent- 
ing the handwheels from revolving when the automatic feeds 
are thrown in. 

The knee, which is of the box type, provided with a tele- 
scopic elevating screw, makes holes in the floor unnecessary 
and allows the machine to be placed regardless of beams or 
foundations. The thrust of the screw is taken by ball-bear- 
ings. 

The base of the machine is very solid, thereby absorbing 
vibration. The arm is a straight steel bar, so that any of 
the regular attachments can be placed in position without the 
necessity of removing the arm. 


BORING AND TURNING MILLS. 

A line of boring and turning mills in sizes 37, 41, 51, 54 and 
61-inch is now manufactured by the Baush Machine Tool Co., 
Springfield, Mass. All sizes of the machines are equipped 
with a number of devices, making them well adapted for the 
rapid production of all classes of work within their capacities. 
The illustration accompanying this description is of the smail- 
est or 37-inch size. All the mills have independent feeds 
operated by a device on the Hendey-Norton principle. In the 
37-inch machine there are 15 changes, ranging from 1-64-inch 
to 9-16 vertical and from 1-64 to %-inch horizontal, per revolu- 
tion of table. A change from one to the other can be made 
almost instantly without stopping the mill. The heads can 
be operated independently of each other and by means of a 
split nut and rack and pinion can be moved back and forth 
very quickly. The cross rail is raised and lowered by 
power, the pulley being placed in the center. It is 
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started and stopped by a lever, and the pulley is belted from 
below. The table can be removed and replaced by an inde- 
pendent or a universal chuck. It has an outer bearing with 
a self-oiling device which keeps it constantly lubricated. 
The main bearing is large and long with a hole through the 


Thirty-seven inch Boring Mill—one of a New Series. 


center to allow the chips to pass through to the bottom of the 
mill without clogging, from whence they can be removed. 
Arrangements have been made so that the mills be driven by 
a motor by removing the cone and bearing and attaching the 
motor to the bed. The back gears are so located that they can 
be thrown in and out by means of a lever, without the use of 
a lock nut. 


IMPROVEMENTS IN THE GOULD & EBERHARDT 
SHAPER. 

Gould & Eberhardt, Newark, N. J., are applying an im- 

proved sleeve cone support to their shapers and other ma- 

chine tools, which is designed to overcome the evils arising 
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easy fit in the cone. By employing this mode of construc- 
tion the stress of the driving belt is carried entirely by the 
rigid sleeve journal, which is bolted by means of a flange to 
the side wall # of the shaper or other machine to which it 
may be applied. The driving shaft having only to transmit 
the torsional stress incident to driving the machine, the 
wear on it is reduced to a minimum, which insures the 
proper meshing of the driving gears indefinitely. With or- 
dinary attention in the matter of lubrication this bearing 
should outlast the machine. All parts of the sleeve bearing 
are cast iron. 

Fig. 2 shows a shaper to which the improved cone support 
has been applied. This machine also embodies a number of 
other improvements of interest. The connecting-rod to the 
cross feed has a friction slip joint by means of which it auto- 
matically adjusts itself to the correct length when the table 
is raised and lowered. The friction joint also prevents 
breakage of the feed gears should the feed become blocked 
by accident or by the carelessness of the operator. 


‘ 


Fig. 2. Improved Gould & Eberhardt Shaper. 


An arm projects over the cone, which bears numbers cast 
on the top corresponding to the different steps. These indi- 
cate the proper speeds for different lengths of stroke. All 
oil holes are provided with filter covers, which prevent the 
ingress of dirt, chips, etc., and filter all lubricant fed to the 
bearings. All the bearings are bushed where the wear is 
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from an overhanging cone without outer bearing support. 
The cone OC, Fig. 1, is supported on a sleeve bearing B and 
drives the shaft A through the clutch flange D. Connection 
is made between the cone © and the flange by means of 
taper pins, the pins being a tight fit in the flange and an 
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Sleeve Support for Cones and Pulleys. 


likely to become appreciable, so that all shafts may be readily 
brought back to their original centers. The other features, 
such as striking place on vise, stiffened ram, vertical gradu- 
ations on vise, etc., which distinguish this tool, have been 
described before. 
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NEW 131-2 INCH LATHE. 

A new 131%4-inch lathe is shown in the illustration, manu- 
factured by the Miami Valley Machine Tool Co. Dayton, O:; 
for whom the Patterson Tool & Supply Co., Dayton, are the 
selling agents. No novel features have been introduced in the 
design, the main considerations having been to produce a 
lathe with parts of ample proportions, 
convenient to operate, and durable 
and accurate in’ construction. The 
spindle is of high-grade steel, with 
ground journals and phosphor-bronz 
boxes. The cross feed is graduated. 
The chasing stop is always with the 
lathe, and it is impossible to throw in 
rod and screw feeds at the same time. 
The feed cone is provided with a 
swinging tightener. The centers are 
large, with no bushing in the spindle, 
but a safety plug is provided to avoid 
accident when the center is removed. 
The tailstock is of the overhanging 
style, with set-over. The feeds in 
head and apron are reversible. The 
head and tailstecks are fitted to the 
bed with a V at the rear and fiat bear- 
ing in front, permitting the cross- 
bridge of carriage to be heavy and 
rigid. Besides the belt and rod-feed, 
a positive-feed can be obtained by en- 
gaging gear on leadscrew to the feed- 
rod. The carriage is provided with 
lock-screw. It has V-bearing in front 
and flat bearing in rear, and is gibbed. All sliding bearings 
on the V’s are fitted to completely cover them, and avoid 
wearing a ridge in them. The power cross-feed is thrown in 
and cut by moving a button. The countershaft has double- 
friction pulleys, simple in construction and easy of adjust- 
ment. Care has been taken to insure perfect facilities for 
oiling all bearings, especially in the apron. The compourd 
rest is graduated in degrees. 

The front bearing of the spindle is 2 inches diameter, 3% 
inches long; the rear bearing of spindle, 154 inches diameter 
and 8 inches long, and the hole through the spindle 1 1-16 
inch. The diameters of the head-cone pulley are 3%, 5, 64% 
and 8 inches. The ratio of the back gearing, 9.1 to 1. The 
lathe cuts threads 4 to 64, including 11%. 


IMPROVED TAILSTOCK FOR LATHES. 


The accompanying illustration is of a tailstock which J. 
G. Blount & Co., Everett, Mass., are applying to a new line 
of speed lathes. The tailstcck has a combination wheel and 
lever feed and when required the lever can be readily applied 
by dropping it over two pins, one of which serves as a ful- 
crum and the other for moving the tailstock slide. Then by 
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Tailstock with Special Adjusting Device. 


releasing two thumbscrews at the sides the slide is released 
so that it can be moved by the lever. Another important 
feature is the arrangement for adjusting it up or down by 
means of the two wedges seen in the illustration projecting 
between the body and base of the tailstock. These wedges 
can be pushed either way by tapping with a hammer, bringing 
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the dead center accurately in line with the live center of the 
lathe, after which the two parts are locked securely together 
by means of cap screws. The tongue cast in the center of the 
base, which appears in the illustration, fits a dovetail groove 
in the base of the tailstock and keeps it accurately in iine 
sidewise. 
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Thirteen and One-halt Inch Engine Lathe. 


THE “CHICAGO” COUNTERSHAFT. 


A very simple and compact countershaft of novel design, 
called the “Chicago Pullet,” has recently been brought out by 
Hill, Clarke & Co., Chicago. It is thrown in or out by merely 
a pull on the cord attached to a weighted lever which is set on 
a pivot with just enough eccentricity to throw in the friction 
disk driving the main pulley or cone. The weight is propor- 
tioned to hold the friction well in place, without undue pres- 
sure, and the contact roller is made of sufficient size so that 


Countershaft which is both Started and Stopped by Pulling an Attached 
Cord. 


Fig. 1. 


it runs comparatively slow. It does not run when the clutch 
is out. Allowance is made for taking up any wear, so that 
the weighted lever will act at the best angle and give the 
proper throw to the eccentric. 

The shaft is stationary in the hanger and the pulleys re- 
volve upon it, thus giving them a long bearing. The shaft is 
drilled longitudinally from both ends and grooved to dis- 
tribute the lubrication, which is effected by grease cups. The 
contact roller also revolves upon its shaft and is lubricated in 
like manner. In order to accommodate different settings and 
directions of drive, the frame is constructed to take the “throw- 
over” lever at either side. The ,.method of mounting upon 
heavy pipe allows the countershaft some adjustment in setting 


up. 
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Saving Waste Oil. 


_... Do you not waste more oil than you use by throwing away that 
which has become blackened and filled with dirt and grit ? 


It Needs Washing 


to remove these impurities, after which the oil may be used over 
and over again until every particle is consumed in lubricating the 


machinery on which it is used. 


THE WARDEN 
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is designed to purify this oil, to literally WASH IT free from all impurities. Dirty black oil, full of chips, is 
‘poured into the filter and clean new oil drawn off from the cock on the side. This filter consumes no power, 
requires no attention, needs no chemicals, runs day and night, asks for no time off, and never watches the 
clock! It is made in all sizes from 15 gallons to 300 gallons a day and will be shipped on trial at our expense. 
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This construction also allows the use either of a single 
driving pulley or a cone pulley of several steps, as preferred, 


NY 


4 
xs 


since the countershaft does not require a shifting belt. Fur- 
a. nes Geeta 57, 
Tata SSS | i 
i 
y 
j p 
eee) 
eae N 
’ Donegan G 24 
\ alt rN ; 4 a 
ial IWW.WY~CW WW AVL MDE P/N 


ees i, N Vaio = 
+7 WYO UE LULU OU NN 
CL RG 
i © 
ZZ 
4 


Industrial Press, N.¥. 


Details of Countershaft. 


ther particulars regarding the countershaft will be furnished 
by Hill, Clarke & Company, at Chicago, Boston or New York. 


NEW GREASE CUP. 


Now that automobiles have become 
a staple product in the market there 
are a great many fittings of various 
kinds manufactured expressly for use 
on automobiles. Among these are oil 
cups of various descriptions, of which 
one was shown in a recent number of 
this paper. In the illustration herc- 
with is shown a grease cup for auto- 
mobile use, made by Chas. H. Besly 
& Co., Chicazo; Hil, It is of ‘a desien 
similar to that of their standard Bad- 
ger grease cup, but is of double the 
depth and the stem is made propor- 
tionately longer. The cup is of cast 
iron, and the stem of bar steel drilled 
and threaded, so there is no danger 
of its breaking off. The internal thread of the cup is a 
round thread which will not strip, clog or cross. The round 
projections at the top of the cup enable one to secure a firm 
grip for unscrewing, and also make it possible to attach a 
wrench if found necessary. 
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Grease Cup for Automo- 
biles. 
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FRESH FROM THE PRESS. 
L. L. Crinn, founder of the Trade Paper Advertising Agency, 


Hodges Bldg., Detroit, Mich., is now issuing a quarterly publication 
entitled ‘“‘The Trade Press,’ a copy of which has reached us. This 
journal is to be devoted especially to the writing of advertising 
matter for mechanical papers and others. 


ARITHMETIC OF BLECTRICAL MEASUREMENTS, by W. R. P. Hopps, and 
revised by Dr. Richard Wormell.’ Published in Hngland and for 
sale by D. Van Nostrand, 23 Murray St., New York. 112 pages, 
12-mo. Price 50 cents. 

The chapters of the book take up joint resistances, division of 
current in branch circuits, strength of current with cells in parallel, 
in series and in opposition, electromotive force, battery power, best 
arrangement of cells, resistance of conductors, electric lighting, ete. 
The book has proved useful to students who are learning to make elec- 
trical calculations and wish to have a convenient collection of for- 
mulas and examples for practice. 


SELF-PROPELLED VHHICLES, by James E. Homans, A. M. Published 
by Theo. Audel & Co., 63 5th Ave., New York. 632 8-vo. pages, 
with nearly 500 engravings. Price $5.00. 


This book contains a collection of notes, data and descriptive mat- 
ter relative to the various types of steam, gasoline and electrical 
motor carriages. The book is non-technical in character and is in- 
tended for the general reader interested in the subject of automo- 
biles. Such a person will here find a great mass of matter, largely 
descriptive, reviewing the present state of automobile construction. 
Certain technical points are explained in a way to be understood by 
the general reader, such, for instance, as differential equalizing gears, 
different types of steering gear and the operative principles of steam, 
gasoline and electric types of carriage. The illustrations are largely 
reproduced from catalogues or articles that have appeared else- 
where, although many have been made expressly for this work, and 
while not so attractive as newly made cuts, are sufficiently clear 
and numerous to serve the purpose of supplementing the text. The 
author has evidently touched upon the most important subject per- 
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taining to autemobiles, and gives chapters upon the boilers, including 
flash boilers, boiler feeding, burners, carburetters, vaporizers, etc. 
The parts of the carriage itself are also taken up and there are 
chapters upon motor carriage wheels, springs, ball and roller bear- 
ings, brakes, ete. The explosive engine receives rather more atten- 
tion than any other subject. Taken altogether it is probably the 
most complete American treatise on automobiles and will give one 
a very full and correct impression of current automobile practice. 


WATHR-TUBE BoILers, by Leslie S. Robertson. Printed in England 
and for sale in America by the D. Van Nostrand Co., 23 Murray 
St. and 27 Warren St., New York. 213 8-vo. pages, illustrated. 
Price $38.00. i 
This book is devoted entirely to water-tube boilers of both Ameri- 
can and foreign types, and the text is mainly descriptive, there 
being little mathematical work. It is really a collection of illus- 
trations pertaining to the most prominent types of water-tube boilers. 
It traces the history of water-tube boilers, showing some of the 
earlier forms, and discusses modern types for stationary purposes, 
and contains descriptions of a number of launch boilers and marine 
boilers for larger vessels. The book is made up from a series of 
lectures upon water-tube boilers delivered by the author at University 
College, London. 


THE PREVENTION OF SMOKE COMBINED WITH WCcoONOMICAL COMBUS- 
TION OF FUEL, by W. C. Popplewell. 203 pages and 46 illustra- 
tions. Published by Scott, Greenwood & Co., London, and D. 
Van Nostrand Co., New York. Price $3.50 net. 5 

The prevention of smoke in cities and towns is always an im- 
portant subject, but at the present time it is of unusual interest 
in great cities like New York on account of the great anthracite 
coal strike. New York, because of its closeness to the anthracite 
regions of Pennsylvania, has always used anthracite coal in prefer- 
ence to_bituminous coal, as it is usually as cheap for the steam 
sizes. Consequently New York has enjoyed the reputation of being 
the cleanest city in the world, not so much, perhaps, because of the 
strenuous efforts of its officials to make it so, but because of the 
cheapness of hard coal. Now that the coal strike has made it im- 
possible to get anthracite coal New York is using soft coal, with the 
consequence that many of its chimneys are pouring forth volumes 
ot black smoke in a manner that rivals those of Pittsburg and 
of Western cities. The plants that are fortunate enough to be 
equipped with automatic stokers are enabled to burn the unusual 
fuel without serious difficulties in preventing smoke. When it 1s 
considered that property is more valuable, the death rate is lower, 
the moral conditions are better, the damage to fine fabrics less and 
conditions to a high standard of living far more favorable where 
smoke and carbon deposits are not known, the prevention of smoke 
at once becomes a subject of the greatest importance. 

The book in review treats of the smoke problem as found in Hng- 
land. It is shown that the difficulty there is much more serious 
than here, as soft coal is used for almost all domestic fires. In 
London the volume of smoke poured out daily by these fires is prob- 
ably equal to if not greater than that emitted by the chimneys of 
manufacturing establishments. The problem is therefore a much 
more serious one to combat than here where manufacturing estab- 
lishments are the chief offenders. Yet the conditions are not con- 
sidered hopeless and means and ways are pointed out that if adopted 
generally would materially abate the evil. Various forms of grates 
and furnaces for house use are described briefly. Chapter I. treats 
of fuels and combustion, chemical action, quantity of air required for 
perfect combustion, formation of smoke, effect of air supply on the for- 
mation of smoke. The following chapter discusses hand firing and 
describes forms of furnaces designed for smokeless hand firing. Then 
follow descriptions of various mechanical stokers, powdered fu i 
firing, gaseous fuel and the means of producing it, smoke ops«rva- 
tions, standard smoke tests, ete. 


ADVERTISING LITERATURE. 


THE STERLING EMERY WHBEL Co., Tiffin, O. Illustrated catalogue 
of emery wheels, grinding and polishing machinery and supplies. 


Tur Burrato Foren Co., Buffalo, N. Y. Illustrated pamphlet 
treating of the Buffalo improved ventilators, Buffalo blowers and 
exhauster's, ete. 


MANNING, MAxwreLtt & Moorr, New York. 
ond-hand machine tools. 
application. 


Tor AMmpRICAN BuLOownR Co., Detroit, Mich. Catalogue No. 141 
of the A. B. C. pressure and volume blowers. The company’s products 
are fully described and illustrated and price lists are also given. 


THe MASSACHUSETTS Toou Co., Greenfield Mass. Catalogue No. 
3 of fine precision tools, including micrometer calipers, micrometer 
gages, surface face gages, steel rules, center squares, depth gages, 
dividers, ete. 

THe L. S. Srarrurr Co., Athol, Mass. Supplement to catalogue 
No. 16 of fine mechanical tools. This pamphlet illustrates the tools 
manufactured and calls attention to some new sizes of squares and 
calipers now being made by the company. 


Tuy STANDARD Toon Co., Cleveland, O. Catalogue of twist drills, 
reamer chucks, spring cotters, taps, flat spring and riveted keys, 
milling cutters and special tools. This catalogue is very complete 
and will prove interesting to the prospective purchaser. 

Tur Norron Grinpine Co., Worcester, Mass. Illustrated cata- 
logue 6 x 9 of the Norton plain grinding machines. The catalogue also 
contains specifications of the 12-inch x 72-inch plain grinding ma- 
chine described in our August issue. 

Tue SkinneR CHucK Co., New Britain, Conn. 1902 catalogue 
and supplement of the Skinner patent chucks. These include lathe, 
drill and planer chucks and faceplate jaws. ‘The company are also 
prepared to make special chucks to order. The catalogue contains a 
large number of cuts of chucks and also a price list. 


THE BIGNALL & KEELER Mre@. Co., Edwardsville, Ill. Standard size 
catalogue of pipe-threading and cutting-off machinery. The various 
Styles and sizes of these machines are illustrated by excellent half- 
tones and the machine parts are described in detail. These machines 
are built to operate by hand or by power. 


TH GARVIN MACHINE Co., Spring & Varick Sts., New York. TIllus- 
trated catalogue No. 8 of screw machines, monitor lathes, forming 
machines and double turret screw machines. This is one of a series 
of 14 catalogues issued by this company dealing with the machinery 
manufactured and handled by them. 


THE AMERICAN Toon WorxKs Co., Cincinnati, O. Circular calling 
attention to some of the lathes manufactured by this company, and 
containing letters received from purchasers of “American” ‘lathes 
expressing their satisfaction therewith. The company issue a ‘‘Lathe 
Book” which gives full details of their lathes and which may be had 
upon application. 


Tue R. K. LeBLuonp Macuine Toon Co., 4620 Eastern Ave., Cin- 
cinnati, O. 1902 illustrated catalogue of engine lathes. These range 
in size from 10 to 30 inches. The LeBlond engine lathe with inter- 
changeable turret on the carriage is described and illustrated, ana 
tHE net lathes, roughing lathes, stud lathes, bed lathes, etc., are also 
shown. 


Circular No. 9, of sec- 
This circular will be sent to anyone upon 
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Just twenty-eight minutes 


are required for machining the bearings in an 8 H-P. engine frame in the shops of 
The Root & VanDervoort Engineering Co. when the work is done on a No. 4 Plain 
Cincinnati ““Geared-Feed” Miller. The best time they ever made on a planer was 1 
hour and 35 minutes. The time in each case, includes handling and chucking the work. 
The miller saves more than 70 per cent. of the best planer time. Through the light 
part of the cut, i. e. when the cutter enters and leaves the work the machine is fed .102 
in. per turn, and through the heavy part of the cut the feed is .o80 in. per turn. The 
change from the fast to the slow feed and then back to the fast feed again is made by 
simply shifting a lever and is done by the operator while the cutis going through. The 
space traversed in entering and leaving the cut about equals the length of the heavy 
part of the cut. That means that for one-half of the entire table travel the work is 
being done 27 1-2 per cent. faster than would be possible on a miller requiring the 
manipulation of change gears or transposing cone pulleys and belts, to secure the feed 
changes. This illustrates one of the points we have in mind when we talk about the 
advantages of a “quick feed changing device” on our miller. Will be glad to take up 
other points with those interested. 

Our 1902 Catalog tells some things worth knowing and can be had for the asking. 
We will show you another way to mill at a money-saving rate next month. 


THE CINCINNATI MILLING MACHINE Co. 
GINGUINNA El OO: Olen cA. 


EUROPEAN AGENES—Schuchardt & Schutte, Berlin, Cologne, Vienna, St. Petersburg, Brussels, Stockholm and New York. 
Adolph Janssens, Paris. Chas. Churchill & Co., London, Birmingham, Manchester, New-Castle-on-Tyne and Glasgow. The Niles Tool 
Works Co., 23-25 Victoria St., London, S. W. 
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Montcommry & Co., 195 Fulton St., New York. Catalogue No. 21, 
entitled the “Tool Catalogue.’’ This treats very completely of the 
large line of small tools, factory supplies and light machinery carried 
by this company. The catalogue contains 704 pages and is very 
profusely illustrated. A complete index is given, and the catalogue 
will be most valuable to anyone interested in this line of goods. The 
pamphlet entitled ‘“‘Confidential Prices,’? accompanying catalogue No. 
21, gives the discount on all the articles manufactured. 


THE RAND DriILL Co., 128 Broadway, New York, have issued a 
timely pamphlet showing the progress of the work on the New York 
rapid transit subway. ‘The book is designed primarily to advertise 
the fact that the Rand air compressors and compressed air drills 
are used extensively by the different contractors in excavating for the 
tunnel. In addition to a general description of the tunnel and of 
the work so far accomplished, there is a brief review of the various 
attempts at rapid transit in New York City, including the surface 
and elevated roads, as well as the attempts to start the great under- 
ground system. The illustrations are mainly from photographs. 


Top Fospick MAcuinn Toou Co., Cincinnati, O. June, 1902, 
catalogue, standard size, of the radial drills and drilling machinery 
manufactured by this company. This is a handsome catalogue, con- 
taining many fine half-tone illustrations of the various sizes and 
styles of the company’s drills, together with complete descriptions 
of same. There is also a half-tone showing the company’s works 
and one giving a view of a part of the shop where the radials are 
built. Space is also given to a large number of copies of letters 
from different firms expressing their approval of these radials. 
Catalogue will be forwarded when applied for. 


MANUFACTURERS’ NOTES. 


PAWLING & HARNISCHFHGER, Milwaukee, Wis., send us a statement 
of orders received from 15 well-known firms in this country for 
cranes and hoists of their manufacture. 

THp Burt Mre. Co., Akron, O., have received an order from the 
Detroit Copper Mining Co., Morenci, Ariz., one of the largest copper 
mines in the world, for two 50-gallon Cross Oil Filters, making ten 
of these filters in use in their mines. 

THE CLEVELAND PNEUMATIC TooL Co., Cleveland, O., have recently 
opened up an office at 411 Park Bldg., Pittsburg, Pa., represented 
by Chas. L. Nelson, and at 34 Lemoine St., Montreal, Canada, repre- 
sented by N. J. Holden. 

THE COLBURN MACHINE Toou Co., Franklin, Pa., manufacturers 
of high-grade machine tools, state that work on their new plant is 
progressing very nicely and they are getting in their equipment ana 
shall have their machinery installed and works in full operation in 
from about thirty to sixty days. 

THE U. BAIRD MACHINERY Co., Pittsburg, Pa., has been incorporated 
under the laws of the State of Pennsylvania, the new name of the 
company being the Baird Machinery Co. The officers are Messrs. 
C, A. Wolfe, H. A. Reed, W. B. Wolfe, O. P. Meckel and J. L. 
McCartney. 

THE Newton MAcHINE Toot WorkKS, 24th and Vine Streets, Phila- 
delphia, will shortly issue a new catalogue 6 x 9 consisting of about 
250 pages. The company would be pleased to have the addresses of 
all those desiring a copy and all requests will be carefully attended 
to. 

THE BurraLto Foran Co., Buffalo, N. Y., state that their products 
are in steady demand not only in the United States, but also in 
Huropean countries. They send us a list of 16 orders received 
through their different branch houses for steel plate steam fans, 
direct-connected Buffalo engines, etc. 

THE CLEVELAND PNEUMATIC TooL Co., Cleveland, O., inform us 
that the contracts for their new plant have been awarded to Messrs. 
J. A. Reaugh & Son, of Cleveland, O. It is expected to have the 
plant completed and ready for operation within 90 days. The plant 
will be equipped with the most modern machinery and appliances 
for turning out the largest amount of work in the shortest time. 

THE AUTOMOBILD & CycLH Parts Co., Cleveland, O., since August 
ist have transacted and will continue hereafter to transact their 
business under the name of the Federal Mfg. Co. This change of 
title will not affect the management of the company or the business of 
their factories. The company inform us that their products are so 
diverse that a comprehensive name became a necessity. 

GEORGE WILLIAM HorrMaAn, 295 #. Washington St., Indianapolis, 
Ind., sole manufacturer of the “U. S.” metal polish and ‘Bar 
Keeper’s Friend’ and other specialties, sends us a circular treating 
of these specialties. This polish may be had in powdered or liquid 
form, as desired, and is used to remove stains, grease, smut and 
tarnishings from plated or polished metal, marble, porcelain, glass, 
wood, ete. 

Tur BurraLto ForcEe Co., Buffalo, N. Y., have been awarded the 
contract for the installation in the mines of the Continental Coal 
Co., Glouster, O., of three 250-inch fans for the purpose of ven- 
tilating and exhausting fumes, smoke and dangerous gases. This 
plant is similar in many respects to that of the Modoc Coal Mining 
Co., located at the same piace and recently installed by the Buffalo 
Company. 

THE FALKHNAU-SINCLAIR MACHINE Co. is a new company organized 
for the manufacture of machine tools and located at 109-115 North 
22nd St., Philadelphia. This company has taken over the entire 
plants and business interests of A. Falkenau and of the Philadelphia 
Machine Tool Co. Besides the building of machine tools and special 
machines, and contracting for machines in large quantities, the 
company’s full lines of presses and machines for working sheet 
metals, hydraulic machinery and testing machines will be continued 
and extended. 

THE ROYERSFORD FOUNDRY & MACHINE Co., Royersford, Pa., report 
a very active business in the sale of their punch and shears. Several 
of their machines have just recently been shipped to Manning, Max- 
well & Moore, New York, N. Y., and a carload to the Marshall & 
Huschart Machinery Co., Chicago, Ill. They have made the Marshal) 
& Huschart Machinery Co., 62-64 So. Canal St., Chicago, Ill., their 
exclusive agents for the sale of their machines in the States of 
Illinois, Indiana, Michigan, Wisconsin and Ohio, the city of Cleve- 
land excepted. 


THE PHILADELPHIA PNHUMATIC TooL Co., Philadelphia, Pa., report 
an unprecedented rush of business, their manufacturing capacity 
being taxed to the utmost to keep up with orders. The increasing 
demand for the Keller rotary drills is particularly noticeable. They 
state that four of the large eastern steel companies have recently 
purchased Keller tools to the aggregate number of 237. One of the 
western trunk line railroads has recently made a contract with this 
company to purchase at least 1,500 Keller tools within the next 
eight months, and a cable order for Keller tools was received last 
week from Bilbao, amounting to several thousand dollars. 


Tum AMBPRICAN SCHOOL OF CORRESPONDENCE, Boston, Mass., has 
recently made an arrangement whereby the students are admitted to 
the classes of one of the prominent technical schools without further 
examination, and their work counts toward a degree of B. S. Ambi- 
tious young men who cannot afford to give four years to study for 
a college degree can now do part of this work at home and finish 
at a resident technical school. The Trustees of the American School 
have been offering a limited number of free scholarships; after 
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September 30th the offer will be withdrawn. There is still an 
opportunity, therefore, to obtain, free, a course in mechanical, steam, 
textile and sanitary engineering and mechanical drawing. 


PAWLING & HARNISCHYHGER, Milwaukee, Wis., makers of electric 
cranes and hoists, have just acquired the Gardiner Campbell Co.. 
property adjoining their works. This property is 200 by 150 feet., 
and the three-story building is being remodeled to supply additional 
machine shop facilities, and to provide extra pattern storage. The 
foundry is being changed over, and added to. In the entire building 
will be placed a modern foundry equipment, Among the improve- 
ments will be two P. & H. electric traveling cranes. Their present 
power plant is also being enlarged and new boilers, engines and 
another generator will be provided. They state that these improve- 
ments will considerably shorten the time required to complete a 
crane or hoist. 


In the editorial columns of the engineering edition of MACHINERY 
for this month reference is made to the fact that the Standard Weld- 
ing Co., Cleveland, O., are now turning out electrically-welded parts 
for automobile construction. They write us that they are also en- 
larging their plant by the erection of new buildings to enable them 
to increase their stock of manufactured tubing in sizes from 2% 
inches diameter and smaller. This tubing is uniform in gage, of the 
best open-hearth, steel and is particularly adapted to places where 
the tubes are to be plated with nickel or other similar finish. The 
company also wish to announce that they are prepared to contract 
for various classes of work. They will either electrically weld 
stampings and forgings furnished them by manufacturers, or will 
do the whole work complete. 


Tur New Process Raw Hip Co., Syracuse, N. Y., have recently 
made arrangements with Messrs. Geo. Angus & Co.. Ltd., Newcastle- 
on-Tyne, England, prominent manufacturers of leather, whereby the 
Hnglish concern is to establish a plant in Hngland for the manu- 
facture of rawhide gears and other products under the patents and 
secret processes of the New Process Raw Hide Co., using the latter 
company’s trade mark. This plant it is expected will take care of 
the company’s business not only in Great Britain, but throughout 
Europe, Messrs. Angus & Co., having offices in nearly all of the 
principal cities. The English company will shortly place orders with 
American firms for the latest gear-making machinery and will pro- 
ceed at once with the fitting out of the new factory which will be 
located at Newcastle-on-Tyne. 


THE DpRRY COLLARD Co., with offices at 256 Broadway, New York 
City, has been organized for the purpose of publishing and selling 
educational books, charts, models, etc., for readers of technical liter- 
ature. One of the first books to be brought out will be a treatise on 
hardening, tempering and annealing steel, by our contributor, Edw. 
R. Markham, the consulting expert. A locomotive valve model will 
also soon be ready. A new policy has been adopted by this com- 
pany for the sale of technical books, in that they will send books 
to any person for examination before he pays for them. If he finds 
them satisfactory he can then remit, and if not, the books can be 
returned. Detailed information will also be furnished about the 
technical merits of any book, whoever the publisher, either by circu- 
lar or by written letter. The office of the Derry Collard Co. is fitted 
as a reading room and any mechanics visiting New York will be 
welcome there. The president of the company is Mr. Fred. H. Colvin, 
who was formerly editor of MACHINERY. 


MISCELLANEOUS. 


Advertisements in this column, 25 cents a line, ten words to a line. 
The money should be sent with the order. 


A MANUFACTURING CONCERN in Northern Ohio thoroughly 
equipped with entirely new plant for turning out light or medium 
weight tools of any character suitable for machine shop trade, would 
like to correspond with parties desiring same manufactured on royalty. 
Address MANUFACTURER, 9-15 Murray St., New York. 


AGENCY WANTED for high-class engineers’ and woodworkers’ 
tools by thorough engineer with own workshop. Power in showroom. 
Good connections in England. Wstablished in 1876. W. ROBERTSON, 
Engineer, Eccles, near Manchester, Eng. 


FOR SALE CHEAP.—Two colored charts, A. and B., for scientific 
tool tempering, explaining tempering in oil, water and tallow and 
telling what each tool will stand. Also, 40 new steel working 
methods for forging and welding different kinds of steel and five of 
the best steel welding compound receipts on earth. All new and 
up-to-date. Send for free samples. The two charts and the 40 new 
methods for $1.00. Address W. M. TOY, Sidney, O. 


INVENTOR’S MODELS built and perfected, special machinery de- 
signed and built, small parts duplicated. Let us quote prices. F. J. 
STOKES MACHINE CoO., Philadelphia, Pa.; New York representative, 
FRANK P. WISNER, 46 Cliff St. 


MANHATTAN TYPEWRITER FOR SALE—Same size and key- 
board as Remington No. 2. Used about two years and in good run- 
a order Price $25. Address INDUSTRIAL Pruss, 15 Murray St., 

ew York. 


SPECIAL TOOLS, models, fine light machinery and foundry work 
wanted. MURRAY MFG. CO., Richmond Valley, Staten Island, N. Y. 


TO EXPORTERS OF MACHINERY TO RUSSIA.—The Toula 
Manufacturing Cempany, Limited, at Toula, in Central Russia, beg 
to inform American makers and engineers, who might be desirous of 
having their products manufactured in Russia itself, that they are 
prepared to undertake any orders that might be intrusted to them. 
The Toula factories include a cast-iron and steel foundry and newly 
fitted-up works with all the most modern appliances, including a large 
quantity of American machine tools, for constructing machinery of 
every description. The arrangement enables the company to undertake, 
under the most favorable conditions, the manufacture of all descriptions 
of machinery, machine tools, agricultural machines and specialties of all 
kinds. Address communications to: LES ATELIERS DH TOULA, 
SOCIETE ANONYME, 299 Chaussée d’Anvers, Brussels, Belgium. 


WANTED.—Air Compressor, duplex 16x12, 110 revolutions, about 
15 lbs. pressure, 610 cubic feet free air per minute. Address, H. 
SCHERER & CO., Detroit, Mich. 


WANTED.—HEngine Lathe manufacturer, or some other party with 
money, to take interest and furnish capital to patent an attachment 
every up-to-date engine lathe ought to have. Address E. W. W., care 
Machinery, 9-15 Murray St., New York. 


WE DESIGN and make automatic machinery and special mechanical 
devices. Do all work in connection with the development of mechani- 
eal inventions. Hngineering, designing, drafting, machine construction, 
models, tools, and also attend to job work and repairs. Address 
CHAS, HE. HADLEY, Mechanical Wngineer and Machinist, 584 Hudson 
St., New York, N. Y. 
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SHOP CONSTRUCTION .—1.* 


GENERAL PLANS FOR A MODEL PLANT. 


Oscar H. PERRIGO. 


The “eternal fitness of things’ requires that in whatever 
we design, build, equip and arrange for producing our portion 
of the product of the world’s vast commerce, we shall strive 
to make it the best of its class; also, the best adapted for 
the special uses to which it will be put, the kind of goods to 
be manufactured, the circumstances, conditions and surround- 
ings under which we work, etc. 

In a great majority of cases the manufacturing plants of 
this country have been the result of growth, more or less 
rapid. Often they began with meager accommodations, which, 
as means allowed and necessity required, have been gradually 
added to. And thus the establishment became an aggregation 
of buildings of various sizes and forms, ofttimes representing 
in a general way the worst arrangement for economically 
producing work. At the same time it represented the total 
expenditure of a much greater amount of capital than would 
have been necessary to erect and equip good buildings, well 
suited to the practical necessities of the business. 


work, arranged in compact form, of modern construction and 
supplied with conveniences for handling material and product, 
accompany this article. The entire plant, shown in iM Key, aN 
requires a site of somewhat less than 300 x 450 feet. 

Fig. 2 shows a compact design to meet cases where the 
amount of land is limited and illustrates how all the buildings 
may be so grouped as to render the handling of materials and: 
transportation of them as simple, direct and economical as 
possible. A railroad track should pass near the works, and 
from it a branch should be brought closely past the rear and 
to one side of the collection of buildings. Such an arrange- 
ment results in a great saving in the expense of hauling both 
material and product, and permitting the general arrangement 
and development of the plan herein proposed. 

The main building, or machine shop, is 100 x 375 feet, 
divided lengthwise into a central portion 40 feet wide and 52 
feet high, with side wings or bays each 30 feet wide. The 
central portion ig open clear to the roof and has a traveling 
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Industrial Press, N.Y. 


Fig. 1. Front Elevation of Shops for a Model Plant to build Medium Sized Machinery. Scale, one inch equals forty feet. 


There are numerous establishments in this progressive 
country to-day occupying antiquated and rambling structures 
that have- cost money enough for the building of modern 
works properly designed for the economical production of a 
much higher grade of goods than it is possible to manufacture 
in old plants. 

The world moves, and nowhere is this more apparent than 
in manufacturing. That which would answer the purposes of 
a business even five or ten years ago is among the “back 
numbers” to-day. The constant striving for the best was 
never more in evidence than at the present time among our 
up-to-date, progressive manufacturers, who are able to look 
beyond first cost to the greater advantages to be gained later 
on. The aim of this series is to discuss, from a practical 
standpoint, what is the best design, arrangement, equipment 
and management of, manufacturing plants erected for the 
production of a medium-sized class of machinery, from the 
reception of the raw material to the shipping of the finished 
product. With this in view cuts showing the general plans 
for suitable buildings of a size and capacity for the usual 


* This is the first of a series of articles upon the design and construction 
of machine shops, treating of the various parts of a plant, from foundation 
to roof, and including hints upon the arrangement of tools and the manage- 
ment of the completed plant. The intention will be to give such informa- 
tion about the special requirements of machine shops as an architect, or 
structural engineer who has had no shop experience, usually does not 
possess. 


crane of ample capacity moving over its entire length. The 
side wings are divided into a main floor, on a level with the 
central portion and a gallery, or second floor; the first 
being 16 feet and the latter 14 feet high in the clear. This 
gallery is also built across 18 feet of the front end, thus con- 
necting the two galleries and furnishing a platform by way 
of which the traveling crane may transfer material and 
product to and from the main floor. Along the center of these 
galleries and across the front end runs a tram track, pro- 
vided with light push cars for facilitating the transfers. 
Stairways are provided at each end and in the center for 
conveniently and speedily reaching any part of the shop from 
floor to galleries and vice versa. 

At the front end of the machine shop proper are the offices 
connected with and forming a part of it, consisting of two 
structures 50 feet square, with a driveway space of 20 feet 
between them. On the first floor of one of these are the offices, 
storeroom, etc., and in the other the tool-making room, a room 
for storage tools and fixtures and a stock room for small fin- 
ished parts. On the second floor is located the drawing room, 
while over the driveway is the pattern shop. The offices are 
only those particularly connected with the manufacturing and 
shipping, and not the general offices of the company. A wing 
connects the front buildings with the foundry. The ground 
floor of this wing is used as a storage room for pig and scrap 
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iron, and a flask room, while the second floor is a pattern 
storage loft, connected at one end with the pattern shop and 
at the opposite end with the foundry by a trap door 8 x 18 feet, 
directly over the train track leading through the flask room. 

The foundry is 85 x 150 feet, arranged with a central part 
385 feet wide and two side wings or bays, each 25 feet wide. 
The central part is covered by a traveling crane running the 
entire length. There are two cupolas, a large and a small one, 
served by two cranes of sufficient reach to swing into the 
central space covered by the traveling crane. Large work is 
east in the central space or within reach of the cranes, while 
small work and bench molding occupy parts of the floor not 


On 
tram tracks, which are crossed by one running to the flask 
room and one that goes through the chipping room and on 
across the yard to the machine shop. 

A wing built on the side of the foundry toward the machine 
shop contains a platform upon which coal and iron for charg- 
ing the cupolas are delivered by a tram car raised to that level 


covered by the cranes. each side of the central part are 


by an elevator arranged for the purpose. This stock is 
weighed on track scales in front of the elevator. Beneath the 
cupola platform are the tumbling barrels, convenient to the 
cupolas for working over the slag, and to the chipping room 
for cleaning small castings. The flask room is located at the 
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front, while between it and the tumbling barrel space is the 
core room, containing a suitable core oven. At the opposite 
end, facing the yard, is the chipping and pickling room, where 
the castings brought in from the foundry are pickled, chipped 
and weighed, before being sent to the machine shop. If the 
castings are too heavy for convenient handling in the chip- 
ping room they may be run through to the yard and there 
handled by a boom crane covering the tram track upon which 
they are run into the machine shop. Castings of moderate 
size, yet too heavy to move by hand, are expeditiously handled 
by a light overhead trolley hoist in the chipping room. At 
one end of the outer wings are the wash room and toilet. If 
more floor space is needed these may be located in a gallery 
placed 8 or 10 feet above the foundry floor. In the further 
corner of the yard, as far as possible from the foundry and 
engine room, is the forge shop, 50 x 80 feet, which is reached 
by tram cars, the track running through its length near the 
center. On the outer walls are the chimneys for the forges 
and heaters, and in the rear are the storage shed for bar iron 
and steel, the wash room, toilet, and space for coal. These 
adjuncts are in a shed built with brick walls and of such 
outline as to conform somewhat to the curve of the railway 
track, the forge shop having been so located as to admit of 
this arrangement. 

When down-draft forges, served by exhaust fans, are used, 
it will not be necessary to build more than one chimney, the 
flue of which should be large enough to carry off the smoke 
and gases from all the forges. 
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SCALE 1 IN. = 96 FT. 


Fig. 8. Plan of Second Floor in Foundry. Scale, one inch equals forty-eight feet. 


The power house is located midway in the length of the 
machine shop, so that power may be applied to the line shaft- 
ing at a point that prevents much of the torsion incident to 
long lines of shafting driven from one end. This building 
is 65 x 100 feet and contains the engine room, 40 x 48 feet; 
the boiler room, 48 x 52 feet, and also the wash room and 
water closets used by workmen in the machine shop. Near 
the boiler room is the chimney stack, with which the smoke 
flues of all the boilers are connected. Coal is brought in on 
push cars along the tram track, to the front of the boilers, 
where a track scale is placed for weighing it. Ashes are re- 
moved by the same tram track to whatever point is most 
desirable to deliver them. Across the rear end of the yard 
is the storehouse, 50 x 100 feet, for finished machines, or 
product. This connects with the rear end of the machine 
shop by a tram track running from the scales beneath the 
traveling crane through a wide doorway and the whole length 
of the storehouse. The rear side of the storehouse (next to 
the railway track) has wide, sliding doors, through which the 
finished product is readily moved into the railway cars for 
shipment. Here, as in the chipping room of the foundry, it 
may be desirable to make use of overhead trolley hoists to 
facilitate rapid and economical handling of machinery 
to be shipped. A 12-foot space is left between storehouse and 
forge shop for a branch of the tram tracks, as a convenient 
means of receiving material from the railway at this point. 

Adjoining the storehouse is the carpenter shop, 40 x 60 feet. 
Thus the men who prepare the finished machinery for shipping 
are near their work, and the lumber used for this purpose, 
and the necessary machinery for cutting it up, are close at 
hand and require no unnecessary handling. In the angle 
formed by the storehouse and carpenter shop are the storage 
sheds for cast iron and steel chips from the machine shop, or 
for similar materials. 

Along the side of the yard, and extending from the forge 
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shop to within 20 feet of the foundry are arranged the stock 
sheds. These hold foundry sand and coal, engine coal, coke, 
etc., which is delivered into them directly from the railway 
cars, the track being raised to the proper grade after it has 
passed the storehouse. It is continued the whole length of 
the foundry so as to deliver foundry sand directly into the 
windows of the foundry if desirable, keeping that in the stor- 
age shed as a reserve supply. Between the storage sheds and 
foundry is a gate, through which may pass a branch of the 
tram car track for receiving stock and material from the 
railway cars at this point. Details of the plans herein out- 
lined and the progress of the work from the raw materials 
to the finished product will be given in future articles. The 
second article will deal especially with the construction of 
the buildings. 

Whatever may be the dimensions of the building of a manu- 
facturing plant, or however carefully provision be made for 
all necessities for handling materials, etc., there is always 
the possibility, and frequently the probability, that some day 
the works will have to be increased in capacity or changed 
in form. It is, therefore, important to consider these points 
at the outset, and to provide for an expansion of the business 
in accordance with future needs and at the same time not to 
disarrange or break up the general plan of the works. With 
these points in mind, I give the two following plans for en- 
larging the machine shop when more room is needed: First, 
the building may be extended to the rear across the railway 
track, the rear wall being removed and the traveling crane 
tracks continued through the length of 
the additional building. Doors are pro- 
vided for the passage of cars upon the 
railway track, and also a specially-built 
car habitually used for connecting the 
floors of the old and new building, its 
platform being on a level with the two 
floors. Thus the machine shop capacity 
could be increased to any reasonable ex- 
tent. Second, one, two or three wings 
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may be built at right angles to the 
machine shop and on the side opposite 
the power house. These might be of 
one or two stories and of any desired 
length. They may contain traveling cranes to convey ma- 
terial to and from the traveling crane of the main shop, or 
have convenient trolley hoists and train car tracks, according 
to the character of the work to be done. 

The capacity of the foundry may be increased one-third by 
extending it toward the power house. The same space may 
be obtained by using for foundry space that provided for 
chipping, core and flask rooms and providing space for the 
latter by extending the building toward the machine shop. 
The space occupied by the wash room and water closet 
will, of course, be taken also and these rooms placed in a 
gallery, as heretofore suggested. To obtain additional power 
space for these enlargements the space occupied by the wash 
rooms and water closets may be utilized and these rooms 
provided for in an addition built toward the carpenter shop. 

By some one of these plans, or a combination of them, the 
capacity of the works may be at least doubled without seri- 
ously disturbing the general plan here described and _ illus- 
trated and without impairing the general efficiency of the 
facilities for handling the work. 

This design is in as compact a form as is advisable, with a 
view to sufficient yard space. Where the amount of land is 
ample it would be manifestly desirable to spread out the 
design more by increasing the distance between the machine 
shop and foundry at the front, and the storehouse and 
forge shop at the rear; or by lengthening the machine shop 
50 to 100 feet and thus add to the yard room. 

Hither or both these plans might be employed where the 
extent of ground would admit of it, as it is seldom we have 
too much yard room. 
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A so-called fluid lens has been invented by a Dr. Grun, of 
London, which has extreme rapidity. It is stated that it will 
produce excellent instantaneous photographs with artificial 
light such as might be had for example in a theater or other 
well lighted interiors. 
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THE LODGE & SHIPLEY DRAWING ROOM. 


A WELL ARRANGED OFFICE HAVING NUMEROUS FEA- 
TURES OF INTEREST. 


(Gar ly les 


The drawing room of the Lodge & Shipley Machine Tool 
Co., while small in comparison with those of many other 
large machine builders, has had much thought devoted to its 
equipment. 


This has been done with a view to securing 


Fig. 1. 


facilities and conveniences that might assist the draftsman 
in full concentration of thought and energy upon the work in 
hand. Many improvements in drawing room equipment have 
recently been added and, as much interest has been manifested 
therein by visitors to the works, by special request I will 
endeavor to describe and illustrate some of them for the 
benefit of readers of MACHINERY. 

Suitable quarters for the drawing room were not provided 
in the original plan of the building, and no room being avail 
able which would be convenient to the office 
and shop, it was decided to locate the neces- 
sary space 14 feet above the shop floor, at 
the office end of the building. This gives us a 
15-foot ceiling in the drawing-room and a 
floor space of about 900 square feet, with 
light on all sides. Fig. 1 is an illustration 
showing the stairway to the drawing-room 
entrance and gives a fair idea of the loca- 
tion. Fig. 3 is an interior view of the north- 
west corner of the drawing-room, the vesti- 
bule landing of the stairway and entrance 
showing in the extreme left. In the center 
background of the illustration is shown the 
revolving blue-print rack, upon which is 
mounted a print of every standard, up-to- 
date drawing of regular construction, in- 
dexed and arranged for the drawing-room 
force and shop foremen, for convenient ref- 
erence. This rack, which is more clearly 
shown in Fig. 8, consists of 80 wings, each 
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unit of which is devoted to the indexing of all the drawings 
in the safe and file; all prints in the file and in the shop; 
all changes in regular construction; all material carried in 
stock, etc., etc., and is in a position easily accessible to the 
safe-and-file attendant and also to the drawing-room help. 
The lower unit faces the opposite way, and is, together with 
the base cabinet, devoted to the filing and card indexing of 
catalogues and printed matter intended for reference. 

The safe shown in Fig. 3 contains 36 shallow drawers of 
galvanized iron, which are numbered and 
alphabetically labelled, an arrangement 
which allows the almost instantaneous lo- 
cating of any drawing in the safe without 
reference to the card index. The fire-proof 
safe ig used only for live drawings, and it is 
a rule of the room that all tracings be placed 
therein at night, thus insuring their safety 
in the event of fire. 

The cabinet to the right of the safe con- 
sists of 150 shallow galvanized iron drawers, 
arranged the same as those in the safe, each 
drawing being numbered and labelled to in- 
dicate the contents. Fig. 7 shows the con- 
struction of these drawers more clearly and 
also the arrangement of labelling. The 
back of the drawer has an overlapping edge 
three inches wide which holds the sheets in 
position and prevents the back edges catch- 
ing on the drawer above. No space is wasted, 
the drawer sliding in the grooved sides of 
the cabinet. The cabinet has a sliding door 
covering the entire front which when closed 
makes it dust-proof. 

Fig. 4 shows the cabinet with door closed, 
and also gives an excellent idea of the ar- 
rangement of the tables to utilize the floor space to the best 
advantage. The tables in front of the windows, of which 
there ate three, are for the use of the tracers, and each is 
fitted with a glass top for tracing, by transmitted light, either 
sun or artificial. This permits a tracing to be made even on 
heavy bristol board. Each draftsman is equipped with a 
drawing table, the construction of which is clearly shown in 
the several views of the room, and probably requires no ~ 
further description. 


; or spRibt 
[NDY Bess, f 


_ weusTaas PRESS = 


wing holding four 12 x 18-inch prints. The 
prints in the rack are so arranged as to 
bring together drawings of similar parts 
of all sizes. The details in the illustration are too small 
to be clearly seen, but it may be said in explanation that 
the rack stands open at ‘Reverse Plate’ and shows the 18, 
20, 22, and 24-inch prints; the 14 and 16-inch are on the re- 
verse side of the left wing; the 27 and 30-inch on the reverse 
of the right wing, with the larger sizes following in the 
next wing in regular order. This system of mounting prints 
for reference is also used throughout the works. 

In front of the rack is the card index cabinet, the upper 


Fig. 2. Blueprint Frames and Window for Printing. 


In Fig. 9 is shown in detail as well as complete the lamp 
we have made for use on the drawing tables. The vertical 
tube slips freely over the screw of C clamp; on this tube 
slides the cross carrying the horizontal telescoping tubes. 
At the outer end of the telescoping tubes is the elbow, in 
which swivels the T supporting the branches that carry the 
lamp and shade. The shade is of aluminum with wood and 
sheet brass ends. This arrangement allows placing the lamp 
in a way to get the full benefit of the light on any portion 
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Fig. 3. Northwest corner of Drawing Room, 
Fig. 5. Southwest corner of Drawing Room. 


4. Northeast corner of Drawing Room. 
6. Southeast corner of Drawing Room, showing Blueprint Department, 
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of a drawing on the table, and completely shade the eyes of 
the draftsman. 

The southwest corner of the drawing room is shown in 
Fig. 5. Arranged along the wall under the windows is a 
series of lockers for the use of the employees, while to the lett 
is ample provision for washing. At the extreme right is the 
reference table, provided for general reference purposes. it 
usually holds a supply of books, magazines, reference draw- 
ings, data sheets, etc. When this photograph was made it 
was being used to accommodate extra tracers. 
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The blueprint department is located at the southeast cor- 
ner, Fig. 6. In Fig. 2 is a larger view of the arrangement, 
which has several unique features. The blueprint frames 
are arranged on tracks under a plate glass roof, which allows 
printing in all conditions of weather when there is light 
enough for the purpose. The tracings and paper are held 
to the glass in the frame by atmospheric pressure by the 
use of a compressed air ejector to remove the air from be- 
tween the glass and rubber blanket. This is a very conveni- 
ent arrangement, and gives the most perfect prints from any 


Fig. 9. Drawing Table Lamp. 


kind of tracing, as the contact with the sensitive paper is 
bound to be absolute. One of the frames in Fig. 2 is shown 
in position for printing and the other for changing tracings. 
Shades are provided for cutting the strong light from the 
frame while changing the tracings. The frame carrying the 
rubber blanket, and to which is fastened the air hose, is 
hinged at the right of the glass frame and is fastened by 
buttons at the left. It requires but a few seconds after the 
blanket frame is closed for the air ejector to extract suffi- 


Galvanized Iron Drawers of Print Filing Cabinet. 
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cient air from between the rubber and glass to allow revers- 
ing the frame. The shelves at each end of the plate-glass 
roof are used for small frames in cases where'a single small 
print is required in a hurry, and for prints from negatives. 
The blueprint washer and dryer is located in the corner 
next to the printing frames, and is designed to take as little 
space as possible. An endless chain carries the prints to the 
ceiling and back again in the drying process. The floor of 
this printing department is raised about two feet above the 
drawing room floor on account of the height of the windows 
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Fig. 8. Blueprint Reference Rack. 


on this side of the room. This height, far from being the 
handicap we anticipated, has proved to be rather in the nature 
of an advantage, keeping this department within its own 
limits, although decidedly limited in space. 

The large cabinet of drawers in the center of the illustra- 
tion, Fig. 6, is used for filing large sheets of original draw- 
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Fig.10. Sectional View of Cabinet for Storing Blueprint and Drawing Papers. 


ings or lay-outs, each drawer being assigned to a Single size 
of lathe or class of drawings, and is of sufficient size to take 
in a Sheet the full size of the drawing without folding. The 
top of this cabinet is partially covered with plate glass, which 
forms a table to be used for cutting paper, etc. The front 
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end of the cabinet is arranged in compartments for storage 
of rolls of blueprint and drawing papers, and a sectional 
view is shown in Fig. 10. The four compartments at the 
top, access to which is secured by raising a section of the top 
of the cabinet, is reserved for the print papers, four kinds 
of which are always on hand, and any amount of either can 
be drawn out without exposing the roll to the light. The 
compartments on the sides are used for tracing cloth and 
drawing papers, while the large central compartment is for 
detail paper and wrapping paper which we use largely for 
covers to protect the drawings sent into the shop. The cover 
of each of these compartments is held in place by spring 
hinges which hold it against a hardwood strip provided with 
a groove for guiding the knife in cutting the paper. 

At the left of the view, Fig. 6, is a cabinet for the storage 
of extra small drawing boards. On the top of this cabinet 
is a shear for trimming prints and cutting paper into our 
standard sizes for use on the tables; also a letter press, used 
principally for the binding process through which all our 
data sheets are put. This cabinet has recently been replaced 
by a table similar in size and construction to the tables used 
by the draftsmen. Ventilation and cooling in summer is 
effected by several electric fans and also by a motor-driven 
exhaust fan mounted in the ceiling. 

Visitors are cordially welcome at the Lodge & Shipley 
plant, and the writer will always be glad to show a Ma- 
CHINERY reader through the company’s drawing-room. 

nce 


STEEL AND ITS TREATMENT.—2. 


METHODS OF HEATING STEEL. 
E. R. MarKHAM. 


As stated in a previous article, it is very necessary in order 
to get satisfactory results that steel be heated uniformly for 
hardening. In order to get uniform heats when hardening 
work in large quantities, various methods of heating are 
used, the method generally depending on the facilities fur- 
nished in the shop where the work is done. For instance, if 
in a shop ten thousand pieces of work are to be hardened, 
the equipment of the shop is oftener taken into consideration 
than the very best method of doing that particular piece if 
it entails an outlay of money to instal the better method. 
This way of doing is necessary, unless the amount of money 
saved by the addition of the extra equipment would pay for 
itself or produce an article enough better in quality to 
cover the expense incurred. For example, if a manufacturing 
concern had fifty thousand bicycle cones to harden, and 
their only method of heating them was an open fire, of the 
form of a blacksmith’s forge, it would cost (estimated) 50 
cents per hundred; provided the work was done by a man 
sufficiently experienced to get satisfactory results. The total 
cost for hardening the lot would be $250 for labor. Now it 
a lead-hardening furnace were used to heat the cones, the 
cost of hardening could be reduced to 10 cents per hundred 
or a total cost of $50 for labor, saving $200. And as a lead- 
hardening furnace large enough for any ordinary work can 
be purchased for $125, the cost of installing the furnace would 
be saved, with an additional saving of $75. The cost (50 
cents per 100 cones) of heating in an open fire is simply an 
estimate and is given for the sake of illustration; while the 
amount of 10 cents per 100, given as cost of heating in the 
lead-hardening furnace is taken from a book of piecework 
prices paid for work when I was connected with a concern 
manufacturing bicycles; the men making very satisfactory 
wages at the rate mentioned. 

Many pieces Of work may be heated at one time in a large 
muffler furnace at a much less cost than if an ordinary open 
fire were used, and with much more satisfactory results. 
If the work is done in large quantities the price of the 
muffler furnace may be saved. This is to show the young 
hardener that the matter of equipment is generally looked at 
by the manufacturer from a commercial standpoint. If the 
manager, superintendent, or those having the purchasing of 
_ equipment in charge, can be convinced that a saving in cost 
of production, without a deterioration in quality of product, 
can be accomplished by the purchase of additional equipment, 
they are generally very willing to go to the necessary ex- 
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pense. And even if they feel they cannot purchase the equip- 
ment advocated, they look upon it as a very favorable sign 
when a young man is endeavoring to, in any manner, decrease 
the cost of production in the shop. And the manager, when 
he finds it necessary to put someone in a responsible position, 
will certainly favor the man who shows an untiring interest 
in the welfare of the concern employing him. 

When large quantities of small pieces are to be heated for 
hardening and an ordinary forge is the only means obtain- 
able, a number of pieces of gas pipe of suitable size and 
length may answer. One end should be closed by means of a 
cap screwed on, or a piece of steel or iron may be made to 
fit the hole in the pipe, and a piece % inch to % inch thick 
may be fastened in one end with screws or pins. The pieces 
to be hardened are then placed in the tubes, care being taken 
that no more pieces are put in at one time than can be 
heated uniformly. If a number of pieces of pipe are used 
at a time there will be a saving in cost. 


Industrial Press, N.1. 


Fig. 1. 


It is possible to make an oven of the form shown in Fig. 
1 for use in heating articles in the open fire. This may be 
placed on two pieces of brick or iron in such a manner that 
the fire may be under, on top, and at the back of it; the coals 
may also be piled up at the ends. The work which 1s sup- 
posed to be inside the oven and on the bottom heats very 
uniformly. When the work is first put in this receptacle it 
may be placed near one end, then as it heats it may be moved 
toward the center. In this way it does not heat too rapidly, 
neither do the cold pieces as they are placed in position at 
the ends chill the pieces in the center, which are red hot 
and are allowed to remain a few minutes in order to become 
heated uniformly throughout. A crucible of red-hot lead 
provides an excellent means of uniformly heating work in 
large quantities. A ladle, dish or crucible of lead may be 
heated in an ordinary forge and very satisfactory results 
obtained in heating the work. This, however, will necessarily 
be a slow method as compared with furnaces made specially 
for the purpose. But if obliged to heat the lead in this 
manner, bricks may be so arranged as to make a place tor 
the crucible and allow the fire to be under it and around it, 
which furnishes a very uniform heat. It will be found neces- 
sary, however, to raise the crucible occasionally and poke the 
coals underneath it; the lead will also cool somewhat when 
fresh coal is placed on the fire. The very best results can 
always be obtained if steel is hardened at the refining heat, 
that is, the steel should be heated to that degree that when 
plunged in the bath and hardened the fracture (if the piece be 
broken) will show.a very fine compact grain. Consequently it 
is necessary to keep the lead at the proper temperature, as 
nearly as possible, to produce the desired result. If it 
becomes too cool do not attempt to use it; wait until it is at 
the proper temperature. If it should get too not do not 
continue using it, thinking it will soon cool off. Every piece 
heated when the lead is in this condition will not give the 
results it should. If the lead becomes too hot plunge a large 
bar of cold iron or scrap steel into it, allowing it to remain 
until it absorbs the extra heat and reduces the temperature 
of the lead to the proper degree. Then, and not till then, it 
is safe to go ahead with the work. 

One reason why so many fail to get satisfactory results in 
the use of red-hot lead as a heating medium for hardening 
steel is because they use a quality of lead unfitted for the 
purpose. Steel, when in a red-hot condition, is very suscepti- 
ble to impurities, and the ordinary grades of pig lead are apt 
to contain impurities very harmful to steel. For this reason 
scrap lead of an unknown quality should never be used; 
neither should any brand of pig lead containing sulphur be 
allowed to come in contact with red-hot steel. I always make 
it a point to use nothing but chemically pure lead in a 
crucible to be used for heating steel. 
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To prevent the surface of the lead from oxidizing from 
the action of the air upon it the top of the lead should be 
covered with charcoal, broken in pieces the size of a walnut. 
This also has a tendency to keep the surface from chilling 
as the charcoal catches fire and burns. The surface of the 
lead will oxidize somewhat, however, forming what is famili- 
arly known as dross. This should be skimmed off occasion- 
ally or it will stick to the work in spite of all precautions 
taken to prevent it. As the surface of the lead is exposed 
to the air and is cooled somewhat by it, and as the tendency 
of the fire is to heat the lower part of the crucible hotter 
than the top, it is mecessary to occasionally stir the lead in 
order to obtain uniform heats. This is especially true if 
long pieces projecting down into the lead are to be heated. 
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may be placed in the lead. If a number of pieces are placed 
in the lead at one time and an equal number approximately 
are dipped in the solution and put in position to dry, then 
the work may be done in rotation, that is, while the pieces in 
the lead are heating, those on the furnace will be drying. 
As soon as the pieces in the lead are sufficiently heated they 
are taken out, one at a time, with hook or tongs and plunged 
beneath the surface of the lead to insure even heating. 
Then the piece is removed and dipped in the hardening bath. 
While the pieces are heating it is advisable to turn them 
occasionally in the lead to insure uniform results. 

A piece of steel heated in red-hot lead in such a manner 
that a portion of it was not submerged in the lead, as shown 
in Fig. 2, should be moved up and down in the lead a trifle 
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Fig. 2. Heating Steel in a Lead Bath. 


Many mechanics object to the use of red-hot lead for heat- 
ing steel because the lead has a tendency to stick to the steel, 
which is especially the case in heating tool steel at a low 
heat. The higher the heat the less tendency the lead has to 
stick to the steel; but it is not advisable to overheat steel 
simply to prevent the lead from sticking, and for this reason 
many have abandoned its use rather than spoil the tools 
they wished to harden. But there are several dips that may 
be used which will effectually prevent lead sticking to steel 
when at the proper hardening heat. Some use a strong solu- 
‘tion of salt and water, dissolving all the salt, possible in a 
‘dish of water; others use a solution of cyanide of potassium 
‘and water, dissolving one pound of cyanide in one gallon of 


water. The cyanide should be crushed or pounded fine and 
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‘dissolved in boiling water. Great care should always be 


-exercised in the use of this chemical as it is very poisonous. 
If the solution is not strong enough a greater proportion of 
cyanide may be added. When using either of the above solu- 
tions the work should be dipped in them and allowed to dry 
before putting it in the lead. For any form of moisture is 
converted into steam when brought into contact with the red- 
hot lead, and this will cause the lead to sputter and fly, and 
wherever these particles strike they are very apt to burn, 
especially if they strike in the eye. A very good plan is to 
place the pieces of work, after dipping in the solution, on 
top of the furnace or on the bricks of the open fire men- 
tioned, allowing them to remain there until dry, when they 
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Figs. 3 and 4. Types of Gas-heating Furnaces. 


to avoid what is known as a fire crack. That is, the steel 
below and at the surface of the lead would be subjected to 
an intense heat, while the steel above the surface would be 
at nearly its normal temperature; and as the effect of the 
heat is to expand the steel, the point where it ceased expand- 
ing would be at or about at the top of the lead, and if held 
stationary in the lead the effect on the steel is liable to be 
disastrous. To avoid any such result the piece should be 
raised and lowered somewhat in the lead, distributing the 
strain over a larger surface and thus doing away with the 
tendency to crack. If pieces of irregular contour, differing 
greatly in size at different portions as shown in Fig. 5, are 
to be heated in lead, it is advisable to heat them nearly to a 
red in an open fire or in some manner to avoid the unequal 
strain to which the piece would be subjected were it to be 
plunged when cold into red-hot lead. It would be impossible 
for the large and small portions to expand equally, and the 
consequence would be a crack or innumerable cracks; and, 
unless the operator were aware of the effects of violent, 
uneven heats on high carbon steels, these cracks would be 
laid to the bath, that is, he would think the steel cracked 
in the cooling bath, when in reality the cause was sudden ex: 
pansion rather than contraction. If the fracture were ex- 
amined the walls would be found black, whereas if a piece 
cracks from dipping in the bath the surfaces of the fracture 
will be bright. They may be stained by the contents of the 
bath coming in contact with them, but they will not be black. 

When articles having fine teeth such as rotary files, cher- 
ries, small reamers, milling machine cutters, etc., are to be 
heated in lead, a paste may be made that will prevent the 
lead sticking between the teeth, even when the dips men- 
tioned fail to give good results. The kinds and proportions 
of the ingredients are given in the following table which is 
taken from the report of the Chief of Ordnance of the U. S. 
War Department: 


Pulverized charred leather............. 1 pound 
Kine wtamily tiouriase. seed ae eae 144 pound 
Kinewtables Saltese cee ae ee ee ee 2 pounds 
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The charcoal made from the charred leather should be 
erushed until fine enough to pass through the meshes of a 
No. 45 sieve. 

The ingredients are thoroughly mixed in a dry state, and 
water is added slowly to prevent lumps until the paste has 
the consistency of ordinary varnish. The paste is applied 
with a brush. The articles are placed where they will be- 
come thoroughly dry; yet they must not dry fast enough to 
cause the paste to crack, neither must the pieces be put in 
the lead until thoroughly dry or the steam generated will 
cause the lead to fly, as before explained. 
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Fig. 6. Heating Furnace for use with Hard Coal. 


If large pieces of steel or tools of irregular contour are to 
be heated in lead and it is not possible to heat nearly to a 
red in another fire with a slower heat, the article may be 
immersed in the lead and withdrawn, then immersed again, 
leaving it a trifle longer than the first time. This operation 
is to be repeated until the steel has absorbed enough heat to 
preclude the liability of cracking. Then it may be left until 
it is heated uniformly throughout to the desired heat. 

The question may be asked, If pieces of the shapes men- 
tioned can be better heated in a slow fire until nearly to a 
red, why not heat to a red and do away with the lead crucible 
entirely? The object in finishing the heat in the lead is that 
once the lead is brought to the proper temperature any nuin- 
ber of pieces may be heated uniformly, provided proper 
attention is given the lead. According to my experience, red- 
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Fig. '7. Mold for Lead when Poured from Crucible. 


hot lead provides an excellent means of heating small tools 
or parts of machines, etc., when the work is hardened in large 
quantities and when the cost of labor is a factor to be con- 
sidered. For this method to be a success when considered 
from a commercial standpoint, it is necessary to provide 
some means whereby the lead may be kept at a uniform 
temperature throughout the entire working day, or, at any 
rate, such portion of it as needed for the necessary amount 
of work. If a furnace burning illuminating gas can be pro- 
cured it will be found one of the most satisfactory and most 
economical methods of heating where the price of illuminating 
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gas is not too high. Very satisfactory forms of gas-burning 
furnaces are shown in Figs. 3 and 4. If not situated where 
illuminating gas can be procured at reasonable rates, and it 
is not considered advisable to instal the necessary apparatus 
for heating by gasoline or oil, a furnace may be made to burn 
hard coal, coke or charcoal. While it is not generally con- 
sidered possible to maintain as even a heat as with gas, yet 
by exercising reasonable care very uniform results may be 
obtained. 

Fig. 6 shows a sectional view of a furnace intended for 
burning hard coal. The outer shell may be made of cast iron, 
although it is often possible to find at a junk 
dealer’s an old boiler which can be bought 
for a “song.” A piece the proper length may 
be cut from this that answers admirably 
for the outer shell. A round grate and the 
necessary frame to support it may be pro- 
cured from a stove dealer. A grate of the 
form used in the ordinary cylinder parlor 
stove answers every purpose. The frame 
should be attached to the shell or blocked up 
sufficiently high from the plate which sup- 
ports the outer shell to allow the grate to be 
turned in dumping the contents of the fur- 
nace. It is necessary to cut an opening in 
the front of the shell at the bottom, which 
should be covered with a door containing a 
sliding damper. This door is necessary in 
order to remove the ashes. The inside, from 
the frame to the top of the shell, should be 
bricked with circular fire brick, or, if possi- 
ble, with a stove lining of the proper size. 
Over the top must be placed a plate having a 
hole in the center one-half inch larger than 
the size of the top of the crucible to be used. A smoke pipe 
must also be provided, to carry off the smoke and gas from the 
fire. This can be connected with the shell at the top on the back 
side of the furnace, and should also be connected with a chim- 
ney and provided with a damper for use in regulating the 
draft. The plate covering the top of the furnace may be cast 
in two pieces, having more than half the hole in the part that 
goes at the back. The smaller or front half may be moved for- 
ward, thus affording an opening to feed the coal to the fire. 
The object in having more than one-half the hole in the back 
part of cover is to prevent the crucible from tipping over 
when the front plate is moved if there were not sufficient 
coal in the fire to support it. It is also necessary to rest the 
crucible on a piece of fire brick as shown in Fig. 6. If a 
black lead crucible is used to hold the lead, much better 
service can be obtained if the crucible is annealed before 
using. In order to do this the crucible should be placed in 
some fire where it can be heated all over to a red heat. It 
should then be removed and placed where no current of air 
can strike it and allowed to remain until cold. It will then 
last much longer than if used without annealing. 

It is necessary to remove the lead from a black lead cruci- 
ble before it cools and solidifies, or the crucible will crack 
when heated again. When doing this it is dipped out with 
a ladle until the crucible is nearly empty, when it may be 
removed with tongs and the balance of lead emptied out. 
As it is necessary to put the lead in the crucible in small 
quantities when heating, it is advisable to have a mold made, 
of the form shown in Fig. 7, to turn the lead into when 
removing from the crucible. This mold resembles a muffin 
pan, and the compartments serve to cast the lead in pieces 
of the proper size to put in the crucible when reheating. 

If the above instructions are carefully followed excellent 
results will follow the use of this method of heating; but if 
scrap lead or pig lead of an inferior quality is used then 
trouble will surely result. My advice would be: Rather than 
to attempt doing things by halves, do not attempt the use of 
red-hot lead for heating tool steel. 

Senin 3K 

A foreign writer, Aug. F. Weiner, states that the addition 
of a small quantity of ferro-vanadium has the property of 
raising the tensile strength of mild steel by from 50 to 66 
per cent.—Sparks from the Anvil. 
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EARLY MACHINE SHOPS AND MECHANICS. 


HISTORICAL NOTES ON THE DEVELOPMENT OF THE 
MACHINE SHOP DURING THE EARLY PART 
OF THE NINETEENTH CENTURY. 


The last century was remarkable for being a distinctly 
mechanical era. At its beginning the machine shop scarcely 
existed except in the most primitive form, and machinery otf 
any but the crudest types was practically unknown. The 
clock and the watch of that time undoubtedly represented the 
highest development of any mechanism built for specific pur- 
poses. Agriculture and other industries were being pursued 
in almost the same manner as at the beginning of history. 
Transportation on land was effected by rude carts or wagons 
drawn by animals and on water by vessels propelled by sails 
or oars. The steam engine was just beginning to be recog- 
nized as a prime mover, but was generally unknown. 

At the end of the nineteenth century, how are the condi- 
tions changed? The implements and machines for agricul- 
ture alone are almost unnumbered. The farmer sows the seed, 
reaps the harvest and threshes it by machinery. The steam- 
ship, locomotive and trolley car have come to be necessities 
for transportation. The steam engine is the prime mover of 
thousands of mills and factories and does the work of myriads 
of horses and millions of men. In every industry that then 
existed nearly every feature has been changed and many new 
industries have sprung into existence as a result of general 
mechanical development. 

The building of machinery requires machine tools and the 
machine shop. The construction of the first steam engines, 
when the machine shop was in its infancy, were undertak- 
ings attended by almost unsurmountable difficulties. The ma- 
chine shop became a necessity and has so developed that it is 
now an important factor in every industry and directly or in- 
directly influences every trade and profession. 

In 1800 the pole lathe was the principal machine tool in 
use, although there were a very few lathes in existence hav- 
ing a rotating spindle driven by a band from a flywheel turned 
by a foot treadle, and some other minor improvements. The 
pole lathe was about the simplest imaginable affair to be dig- 
nified by the name of machine, being little more than the 
primitive lathe of the ancient Egyptians. It consisted of a 
wooden frame set on legs and carrying a pair of poppets 
which held the dead centers on which the work revolved. The 
work was alternately rotated forward and backward by a cord 
wound around the work and fastened at one end to a pole 
or lath (from whence the name lathe) secured overhead. The 
lower end of the cord was usually made into a loop through 
which the operator thrust his foot to exert the motive power. 
A foot treadle was sometimes employed instead of the loop, 
the end of the cord being secured to one end. The disad- 
vantage of having the work turn first forward and then back- 
ward led to the employment of means for making the rotation 
continuous. The first steps in this direction appear to have 
been by winding the cord around the work so that the work 
would be turned forward on the down stroke of the treadle, 
and when the pressure was removed so that the pole or lathe 
returned to its original position, the motion of the piece being 
turned would continue in the same direction on account of 
the peculiar arrangement of the cord. This scheme, however, 
never became popular as a large portion of the power exerted 
was lost in friction of the cord. With such a tool the turn- 
ing of a piece of metal with any degree of accuracy was 
extremely difficult, since the operator was obliged to stand 
on one foot and manipulate his tool against the surface of 
work alternately turning in opposite directions. 

The first rotating spindles for lathes were made from 
square iron turned for the front bearing and threaded on the 
end for the chuck. The thread for the chuck was sometimes 
made internal but the usual practice was to make it external, 
as now holds. The tail bearing of the spindle was formed 
by a pointed setscrew held in the back poppet lead and en- 
gaged in the end of the spindle. The spindle thus turned in a 
box at the front and on a pivot at the back end. This ar- 
rangement had two advantages: It afforded a simple means 
for taking the thrust and also taking up the end play, and re- 
duced the frictional resistance below that which would have 
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resulted with the shaft running in two boxes. When the 
latter construction was finally adopted to obtain greater sta- 
bility, the back bearing was kept as small as possible to 
make the shaft run easily. The influence of this practice is 
seen in most modern engine lathes to-day when the reason 
for it no longer exists. 

The shears of the old time lathes as well as all other parts 
except the spindle and centers were made of wood. The 
head poppet being made in two parts framed into the bed, 
it was almost impossible to keep the spindle in alignment 
with the tail center. To obviate this trouble J. J. Holtzpffal. 
England, made a headstock in 1794 of cast brass having its 
base and the front and rear bearings one integral part. This 
was found to be such an improvement that headstocks were 
subsequently made of cast iron by him. The patterns were 
made so that the sections of the castings were generally of 
uniform thickness, as is the present practice, instead of fol- 
lowing the square shapes of the wooden parts made by the 
carpenter. 

The most important improvement, however, ever made in 
the lathe and which is a distinguishing feature of every 
modern machine tool except the drill press, was the inven- 
tion of the slide rest by Henry Maudslay in 1794. Maudslay 
was at this time a workman in the shop of Joseph Bramah, 
generally known as the inventor of the hydraulic press. This 
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Fig. 1. Jacques Berson’s Wood Screw-cutting Lathe, 1569.* 


invention replaced the cutting tool held in the uncertain 
grasp of the workman’s hand by a tool held in a hand of 
iron and it furnished the means of guiding the cutting point 
in mathematically straight lines. The slide rest made accu- 
racy possible and enabled the production of perfect cylinders 
in the lathe and later the production of accurate plane surfaces 
in the planing machine. The slide rest at first was generally 
opposed and ridiculed by the workmen who nicknamed it 
“Maudslay’s go-cart,’” but it was not many years before it be- 
came commonly used, as was its manifest destiny. While the 
invention of the slide rest was undoubtedly original with 
Maudslay, it appears to have been anticipated by many years 
in France, having been illustrated in the French Encyclo- 
pedie published in 1772. The latter device differed materially 
from the invention of Maudslay and as it had apparently 
never been developed beyond an experimental stage, or if 
so, had been allowed to go out of use, it is to Maudslay that 
we should give the credit for undoubtedly the greatest im- 
provement ever made in machine tools. 

The wood-working machinery erected in Portsmouth dock- 
yard in 1807 under the direction of Maudslay, marked an im- 
portant step in labor-saving machinery and had an important 
effect on the future design of metal-working tools. The ma- 
chines were designed by Brunel and Bentham principally for 
the production of tackle blocks and when completed enabled 
10 men to do the work of 110 men and in a far superior 
manner. These machines are said to have effected a saving 
to the English Government of about $120,000 annually. The 
making of tackle blocks was an important part of the equip- 


* The illustrations accompanying this article are taken from “ Turning 
and Mechanical Manipulation,” by Charles Holtzpffal, published in 1843. 
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ment of a man-of-war, as a 74-gun ship had 1,400 blocks of 
various sizes. 

It is thus apparent that at the beginning of the nineteenth 
century the lathe, while yet a very crude affair, was with 
Maudslay’s invention of the slide rest, the progenitor of the 
wonderful machine tools which are produced from, and in 
turn make possible, the modern machine shop. 

The importance of the screw as a machine element and as 
applied to studs and bolts for fastening machine parts to- 
gether, was early recognized, but no means had ever been 
devised for securing ease of production and uniformity of 
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Fig. 2. Harly French Mandrel with Ten Leads of Thread for Thread Cutting. 


product until the invention of the screw-cutting lathe. To 
whom this honor is due does not appear to be exactly clear. 
The first mention of a lathe arranged for screw cutting is 
that of Jacques Berson, a Frenchman who had a primitive 
rig arranged for cutting spirals in wood and which was sub- 
sequently arranged to cut threads in metals. A cut of this 
device is to be found in some old books which give a Cin 
idea of its operation although it is hard to understand how 
such a crude tool could have been operative. In 1648 en- 
gravings were published in Rome of two curious machines, 
called by courtesy lathes, for the production of plane, spheri- 
cal and hyperbolic mirrors. The cutting tool in these ma- 
‘chines was held in a sort of carriage mechanically controlled 
so that if need be the same machines could have been adapted 
to the cutting of helices although there is no evidence that 
this was ever done. Another lathe referred to by historians 
is that of Joseph Moxon, about 1680, for the production of 
“swash” work, which was then very popular. It is said that 
Moxon made these lathes for sale and that they were much 
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Fig. 8. Allen’s Device for Originating Screw Threads for Astronomical Work. 


sought after, as they were well made and generally excellent 
tools. Again, there is no evidence to show that they were 
specially adapted to the production of screws, although the 
tool was mechanically controlled and could have been ar- 
ranged to secure the result with little more complication. A 
machine appears to have been used by the early watchmakers 
for the production of screws, working on substantially the 
same principle as the screw-cutting lathe, although it was 
adapted for the production of only one lead. The face plate 
on the spindle (it being a rotative spindle), was a gear and 
meshed in another gear mounted on a screw running parallel 
with the shears, as in the modern tool. The carriage was 
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furnished with a nut engaging with the screw, so that the 
production of screws of various diameters but of uniform lead 
was possible. 

Another method which appears to have been extensively 
used, was that of having a thread cut on the spindle which 
was arranged to slide longitudinally in its bearings. The 
work was held in a chuck and the tool remained stationary, 
as in Healey’s lathes of 1804. A nut being engaged with the 
screw on the spindle, the same lead was generated on the 
piece held in the chuck. One elaborate machine is illustrated 
in Holtzpffal’s “Turning and Mechanical Manipulation,’ in 
which the idea was carried out so that ten different leads 
could be cut in this manner, ten screws being cut on the 
spindle along a portion of its length and ten half-nuts with 
supporting keys any one of which could be engaged as de- 
sired. It is probable, however, that this machine was built 
after 1800. 

The various means adopted by the old-time mechanics for 
the production of original screws, are very interesting but 
can be only briefly touched on here. One was to wrap a strip 
of paper around the blank cylinder of metal or wood as the 
ease might be, so that its edge would form a helix of the 
desired pitch. This edge gave the workman his guide for the 
cutting tool when the piece was mounted in the lathe. Im- 
agine cutting threads in such a manner! 

It is recorded that Anthony Robinson at the Soho works 
of Boulton & Watt made in 1783 an original screw seven feet, 
six inches long and six inches diameter with a triple square 
thread, pitch not given. The thread was laid out by wrapping 
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Fig. 4. Maudslay’s Thread Correcting Device. 


a sheet of paper around the blank so that the edges when 
trimmed just met. The paper was then removed and the 
threads laid out as lines running across the paper at the 
proper angle, Robinson evidently understanding that a screw 
is the same as a right triangle wrapped around a cylinder so 
that the hypothenuse is the helix, the base the circumference 
and the altitude the pitch. 

After the lines were laid out and inked, the paper was re- 
placed on the blank and the lines pricked through the paper 
into the metal underneath. The paper was then again re- 
moved and one thread, shallowly chipped and filed out. The 
partly formed screw was then stood on end, being thrust 
through a shallow square cast iron box. The hole in this box 
around the cylinder being luted with clay, it was filled with 
melted lead, and when the lead cooled, the cast iron box 
formed a rude nut on the unfinished screw. A cutting tool 
was rigged on the face of the box with proper adjusting de- 
vices so that it could be fed into the cylinder and then the box 
having levers attached was handed around by the lusty work- 
men. In this manner the other grooves were cut of the same 
pitch as the first and the first finished to the desired depth. 
The recital of these operations gives some idea of the tre- 
mendous difficulties encountered in machine construction at 
the beginning of the century. 

The problem of accurate screw cutting was one that pe- 
culiarly appealed to Maudslay, as he had a keen appreciation 
of the desirability of such a condition and of the immense 
advantages to be secured by its solution. Some of Maudslay’s 
efforts in the line of accurate screw cutting after becoming 
the proprietor of a shop would not be half bad now if the 
records can be believed. He is said to have made a screw 
for astronomical work 60 inches long, 50 threads per inch, on 
which was screwed a nut 12 inches long, so that 600 threads 
were engaged at the same time. The old timers evidently 
had a keen appreciation of the law of averages, as is shown by 
the use of the long nut. The importance of standard planes 
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and surface plates was appreciated by Maudslay, who sup- 
plied them in numbers in his shop and required all plane 
surfaces of importance to be perfected by their use. He also 
believed dn exact measurements and had a bench micrometer 
called the “Lord Chancellor,’ as it was the court of last resort 
in the matter of measurement and by it the system of gages 
used was derived. The invention of the micrometer did not 


originate with Maudslay, but is claimed for William Gascoigne 
in 1648. 
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Figs. 5 and 6. Inserted Cutter Lathe Tools used in Portsmouth, England, 
about 1830; and Inserted Cutter Reamer of about the same date. 

Maudslay’s work in the production of accurate screw threads 
seems to have been principally along the lines of generating 
a thread by a tool set at the required angle for the thread 
and after getting one perfect helix, to reproduce it by the 
combined angular position of the cutting tool, together with 
a guide finger working in the helix already cut. He evidently 
considered that a mechanically operated carriage introduced 
an element of uncertainty which was fatal in the days of 
slender and inaccurate construction. 

One thing is certain that although Richard Roberts brought 
out an improved screw cutting lathe in 1816, the art of cut- 
ting threads by a mechanically controlled carriage did not for 
many years become general. There are old mechanics living 
to-day who remember well the trials and struggles of their 
apprentice days when learning to use the chaser for cutting a 
thread. The tyro was very likely to produce a thread irregu- 
lar in travel, having a wavy appearance and aptly character- 
ized as “drunken.” 

The work of Maudslay in the production of accurate screw 
threads was followed by that of Clement and Whitworth in 
England and Sellers in the United States, to the latter two of 
whom we are indebted for the modern system of interchange- 
able screw threads in England and the United States. 

Joseph Clement of Manchester was the first to make taps 
having their thread numbers in proportion to the tap diame- 
ters. He was also the originator of the form of tap having 
the shank smaller than the hole tapped, so that the tap could 
be passed through without backing out. Clement’s taps were 
fluted by a revolving cutter similar to the method now fol- 
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Fig. 9. Showing that Thread Roll- 
ing is not a Recent Invention 


Fig. '7. Early Method of Cutting Left- 
hand Screws with a Right-hand Tap. 
lowed. This was in 1828, but the use of the milling cutter or cir- 
cular file as it was then known seems to have been known many 
years previously. There are records showing that the milling 
machine was used in this country in 1818 at Middleton, Conn., 
and mention is made of the use of toothed cutters in 1664 by 
a Dr. Hooke, for cutting gear wheels. It is also recorded by 
Chas. Holtzapffel that inserted cutter thread and turning tools 
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for the lathe were in use as early as 1830. The cuts given 
show that they were very similar to those now used. 

In the construction of the first lathes having beds of metal, 
great difficulties were met in getting the beds straight and 
accurate as the planing machine was practically unknown. 
To get a form that would require a minimum of fitting, the 
beds appear to have been at first made in triangular section. 
All fitting and accurate work was thus confined to one angle 
which also had the effect of holding the slide rest in position 
both vertically and laterally. 

The invention of the metal working planer is variously 
ascribed to Roberts of Manchester, Fox of Derby, Matthew 
Murray of Leeds, Spring of Aberdeen, Clement and Rennie of 
London, who all appeared to have had some sort-of planing 
machines at work from 1814 to 1820. Whether Murray’s 
claim to the invention of the iron planer is valid or not, it is 
certain that he was a mechanic of no mean order as he 
designed and built a commercially successful locomotive in 
1812 for the Middleton Colliery Tramway, Leeds, which ran 
for nearly fifty years before being relegated to the scrap 
heap. This locomotive burned coal. 
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Fig. 10. Le Lievre’s Device for Cutting Fusee Threads.* 


Joseph Bramah patented a planer in 1802 with a revolving 
cutter, but it was primarily designed for wood and appears to 
have been used for this purpose. There are records showing 
that Nicholas Torg, a French clockmaker, used a metal planer 
in 1751 for boring pump cylinders, apparently being under 
the impression that they could be made more accurate in this 
manner than by a revolving cutter. It is to Clement, how- 
ever, that the honor of bringing out the first iron planer on 
the same lines as the tool is now built, evidently belongs. He 
had a machine in operation for planing the triangular bars 
for lathes in 1820 and built a more elaborate one of which a 
description was published in 1825. The cutting tool was sta- 
tionary relative to the work and was held in a slide rest 
which was fed across the table. The tool cut on both strokes. 
The table or platen was mounted on rollers. The planer 
would take six feet square through the uprights. For ten 
years it is said to have been the only tool of the kind in 
existence. For much of the time it was kept in operation 
night and day on piece work. The charge for its services 
was over $4 per square foot of area planed, but at these 
enormous prices the machine was able to earn only (!) $100 
per day, showing an area planed of about 25 square feet. 
The authority for this remarkable statement is “Industrial 
Biography,” by Samuel Smiles, but we are inclined to question 


* A device for cutting screws working on the same principle has recently 
been patented. 
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the accuracy of the price received for planing. As it was 
possible to have surfaces chipped and filed true for $1.50 
per square foot at about the same time, it is not probable 
that Clement could charge three times as much for the same 
work done on the planer. 

It is also stated that Clement used planer centers on these 
machines so that he was able to produce both flat and 
cylindrical work on the machine. Joseph Whitworth radically 
improved the planer by the application of the screw drive in 
1839 and again Sellers of Philadelphia further improved it. 

James Nasmyth, a pupil of Maudslay’s, was an improver of 

machine tools and an inventor of a number. He is credited 
with the invention or adaptation of the slotter for metal 
work in 1836, the first machine being a modification of a 
machine for mortising holes in wood, designed by Maudslay. 
The invention of the flexible shaft for drilling in 1829, the 
keyseater in 1836, the crank driven shaper in the same year, 
the reversing or tumbler gear for changing the feed direction 
in lathes in 1837, the self-adjusting or spherical bearing for 
shafts in 1838, a tapping square for holding taps square with 
the work in 1840 and an end mill for keyseating shafts in 
1847 are credited to him. In 1848 he made a punch for punch- 
ing boiler plates having a skewed face to give a shearing 
cut. His invention of the steam hammer in 1839 was an im- 
portant advance in the art of blacksmithing and made a 
radical change in forging operations, making work possibile 
that had never before been attempted. The increase in the 
size of forgings and other changes in machine construction 
materially affected machine tools and led to radical changes 
in design. So decided were these changes that the machine 
tools made by John G. Bodmer in the few years from 1839 to 
1841 contained almost every improvement of importance now 
found in modern tools. 

It is thus apparent that the early development of machine 
tools took place in England, the English mechanics having 
anticipated practically every form of machine tool and method 
of working metals. The changes that have since taken place 
have been with few exceptions more in methods and minor 
changes than in radical ideas. 


Early Machine Shops in the United States. 


The early history of the machine shop in the United States 

is very uncertain, undoubtedly because the industry had never 
become of marked importance until well along during the 
past century. The first mention of a machine shop in what 
is now part of the United States that the writer has found 
is that of the Saugus Iron Works, Lynn, Mass., which were 
established in 1642, in which year they made the first iron 
casting poured in America, being an iron kettle which is 
yet preserved. The Saugus Works included a machine shop 
in which the first hand fire engine built in America was con- 
structed for the city of Boston in 1654. The castings for this 
and other machines were made from bog iron ore and were 
made directly from the metal flowing from the blast furnace, 
the cupola for remelting the iron not being developed until 
1790. 
' A machine shop was erected in the last years of the 
eighteenth century near Belleville, N. J., in conjunction with 
the Hornblower pumping engine imported from England for 
draining the copper mine at that place. Whether the machine 
shop was primarily intended to keep the engine in running 
order is not stated, but it apparently did outside work as we 
are informed that a pumping engine was built here for the 
city of Philadelphia in 1800. The engine when completed 
occupied the present site of the City Hall at the junction of 
Broad and Markets Sts. The steam cylinder was 38% inches 
in diameter by 72 inches long, and its construction was a most 
difficult job with the crude and inefficient tools then in use. 
The boring of the cylinder took from the 9th of April, 1800, 
to about the middle of the following August, two men being 
in constant attendance night and day. This seems an in- 
credible statement, but it is apparently sustained by the 
records at hand. It is highly probable that the cylinder 
casting, like most of the cast iron of that period, was ex- 
tremely hard and very untrue, so that with the scraping cuts 
possible with the boring appliances used the amount of metal 
to be removed consumed an astonishingly long time. 
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In early engine construction as in other machines, as little 
machine work was incorporated as possible. Plane surfaces 
were tabooed in most shops, as they had to be surfaced by 
the chisel and file. The valve seat was the most importani 
plane surface considered strictly necessary. The same gen 
eral condition held in regard to bored holes. Such was the 
difficulty in boring true holes that on some of the early 
engines built, the cylinder was the only piece bored. The 
crank was cast with octagonal holes for the shaft and crank 
pin and was fitted to the shaft by thin wedges driven in so 
as to bring it approximately square with the shaft. The 
spaces unfilled with the wedges were filled with a cement 
made from iron borings and sal-ammoniac. The crank pin 
was fitted in the crank eye in the same manner. To make 
the throw correct for the stroke of the cylinder, it was often 
necessary to have the center of the working surface of the pin 
eccentric with the portion fitted in the crank. 

The connecting rod was forged to shape and the holes for 
the strap bolts drifted out by the blacksmith as were the 
holes for the adjusting keys. The file was used for finishing. 

A machine shop was started in 1801 by Robert McQueen 
on Duane St., New York. He was probably the first to make 
a specialty of building steam engines in the United States. 
After the success of the Clermont in 1807, Fulton established 
a shop in what is now Jersey City, where he built the Car of 
Neptune and finished steam engines, the iron castings being 
machined in New York by McQueen and Youle and the brass 
castings by James P. Allaire. What was subsequently the 
Allaire Works was started by Allaire in 1816. They became 
famous as builders of marine engines and other machinery. 
This firm had what is thought to be the first planer in 
America, built for fluting rolls and was in use in 1828. Such 
a then important business as the Port Richmond Iron Works, 
Philadelphia, Pa., had no iron planer until 1838. One of the 
first industries in the United States that stimulated the use 
and development of machine tools was the manufacture of 
cannon at the Fort Pitt Works, Pittsburg, Pa., which were 
established in 1814. A boring mill was erected at this date 
and cannon were bored and finished, the motive power being 
furnished by horses. At these works the famous Rodman 
cannon were subsequently made. 

One of the early machine shops which had an important 
place in the early part of the century as machine tool build- 
ers was Silver &'Gay, North Chelmsford, Mass., established 
in 1832. They built their first planer in 1836, having a 
capacity of 31%4 feet square and driven by a chain. This is 
thought by some to have been the first planer built in 
America, but was not the first one in use, as shown in a 
previous paragraph. This planer had one V-way and one 
flat way set on directly on a granite bed. The table was 
driven by a heavy flat chain very similar to modern sprocket 
chains. This remarkable tool was still running in 1896. In 
this shop was built a 16-foot boring mill about 1840, having 
three heads, all of which had power feed. The center head 
was arranged to act as a slotter for keyseating the hubs of 
pulleys after they had been turned and bored. This firm 
built lathes, for their own use at least, having the usual 
chain feed mechanism commonly in vogue at that time for 
moving the carriage, but in addition some of them had power 
cross feed, one referred to in MACHINERY, February, 1896, 
being an example, and this was thought to have been built 
shortly after the firm started in business. This lathe was of 
about 48-inch swing and had a granite bed on which were 
mounted the cast iron shears. The tailstock had a set-over 
made on about the same plan as holds in modern engine 
lathes for turning tapers. Drill presses with power feed for 
both table and spindle, well adapted for heavy work, were 
built and sold by them between 1840 and 1850. They were 
pioneers in the building and development of the milling 
machine, having made them for sale as early as 1841. Fred- 
erick W. Howe afterward actively identified with the milling 
machine and turret lathe, learned his trade with this firm, 
finishing it about 1854. A spur gear cutter was built and 
sold to the Stark Mills by this firm in 1839 and one which 
was kept in their own shops in 1841. The work arbor of this 
machine was vertical, the index wheel being mounted below 
the upper part of the frame. The cutter spindle was on a 
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horizontal axis, but was capable of being swung around side- 
ways for gashing wormwheels and backward for bevel gears. 
Whether it was successfully used for cutting bevel gears is 
not positively known. The planing of bevel gears was taken 
up and a machine built for the purpose in the early fifties. 
The frame was made of wood with the working parts of iron 
and steel. The cutting tool was guided by a former and 
swiveled so as to cut both ways. In this machine the former 
was set so that the motion derived from its contour was 
reduced at the tool point, thereby reducing instead of multi- 
plying any inaccuracy and also tending to make the former, 
which was of wood, last longer. For this machine the Silver 
& Gay Co. were awarded a gold medal in 1857 at the Middle- 
sex Mechanics’ Association. 


HOLLOW FORGINGS.* 


HOW NEW METHODS HAVE IMPROVED HEAVY FORGINGS 


There are two ways of making a forging hollow. The or- 
dinary way of getting rid of the center of a forging is simply 
to bore it out. After boring it is tempered, and thus the 
strength is restored which was taken away with the material 
that was in the center. 

Another way of getting rid of the center of large forgings 
is to forge them hollow. A person who has not considered 
the subject carefully would naturally think that the first thing 
to do in making a hollow forging would be to cast a hollow 
ingot. There are various defects which occur in ingots, how- 
ever, the most serious of which are “segregation” and “pip- 
ing,’ and it is in the center and upper portions that those 
defects occur. If an ingot were to be cast hollow a solid core 
of fire brick or similar material would replace the center 
metal, and instead of one on the outside, there would be two 
cooling surfaces, one on the outside and one around the core, 
and the position of last cooling would be transferred to an 
annular ring midway between those surfaces where the “pip- 
ing’ and “segregation” would collect. This would not be 
satisfactory because the metal there, is what must be de- 
pended upon for the strength of the hollow forging. It is 
necessary, therefore, to collect the “piping’ and “segrega- 
tion” in the center and at the top, where metal has been added 
to the original ingot for the purpose. Then, having cut off 
the top and bored out the center, the “piping” and “segrega- 
tion” are entirely eliminated, and what is left is as sound 
and homogeneous a piece of steel as can be obtained. 

After the hole has been bored in the ingot, the next process 
is to reheat it, and, as before explained, this process is not 
as delicate a one as if the ingot were solid. The heat affects 
the center equally with the exterior and the two expand to- 
gether and the danger of cracking is not incurred. When the 
ingot is reheated a steel mandrel is put through its hollow 
center, and subjecting the two to hydraulic pressure the metal 
is forced down and out over the mandrel. Thus an internal 
anvil is practically inserted into the forging and there is, 
therefore, really much less than one-half the amount of metal 
to work on than if the piece were solid. 

When the work of shaping is completed the forging is re- 
heated to the proper temperature and then either annealed in 
the usual manner or plunged into a tempering bath of oil or 
brine to set the fine grain permanently that has been estab- 
lished by the reheating. A mild annealing follows, to relieve 
any surface strains that may have been occasioned by the 
rapid cooling. 

Hollow forgings oil tempered and annealed are considered 
the best grade of forgings made, and any forgings made other- 
wise, although they may be suitable for the service to which 
they may be applied, cannot be looked upon in any other man- 
ner than as of an inferior grade. 

That steel forgings of such high grade were being manu- 
factured for commercial purposes in this country was first 
brought to the attention of manufacturers generally at the 
World’s Fair in Chicago. Here were exhibited stationary en- 
gine forgings which compared favorably with those sent over 
by European forges. The Ferris wheel shaft, 45 feet long 
and 32 inches outside diameter, with a 16-inch hole through it, 


* Extract from paper read by H. F. J. Porter, before the Engine Builders’ 
Association. 
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represented the largest shaft made up to that time. The 
soliciting of orders for such forgings, however, at once aroused 
the latent prejudice still existing against steel forgings, and 
the prices demanded being somewhat in excess of those which 
wrought iron or ordinary steel forgings could be obtained for 
prevented at first the very rapid introduction of this product 
into the commercial field. 


Difficulties Encountered in Introducing High-grade Forgings. 


It hardly seemed necessary to explain to an engineer or 
any one authorized to purchase, and therefore presumably 
competent, that if he wanted material to sustain severe usage 
in the nature of alternating stresses, to which all forgings are 
subjected, he should select a material possessing a very high 
elastic limit. And yet it was not unusual to find that those 
very people preferred to use wrought iron for their engine 
crosshead and crank pins and shafts in preference to steel, 
because, as they said, “steel being crystalline is brittle and 
snaps off suddenly under such services as that under con- 
sideration, while iron, having fibre, is tougher and yields before 
breaking.” Most of these men knew better, but had not given 
the subject sufficient thought or they would have perceived 
that their statements were not consistent. They said that the 
steel connecting rods they had tried had broken off short 
without any warning, while rods made of wrought iron had 
simply bent up, and after having been straightened out were 
replaced as good as new. 

These people did not stop to think that’ a steel rod that 
broke off short had done so at its ultimate strength or under 
a stress of from 80,000 to 90,000 pounds per square inch, 
whereas the iron rod which had doubled up had done so at 
its yielding point of 25,000 to 30,000 pounds per square inch. 
In other words, their engines with wrought iron rods were 
failing all over the country under loads about one-third what 
they were standing up to when supplied with steel rods, yet 
the men were blaming the steel for helping them out of their 
troubles. 

Then again they complained that steel shafts and crank 
pins heated up, while wrought iron ran cool. When it was 
proved to them that laboratory experiments showed the co- 
efficient of friction of these metals to be the same and that any 
difference in heating was caused by local circumstances, such 
as poor lubrication, excessive pressure, etc., they said they 
did not care for laboratory experiments. They had an engine 
in one place with a steel shaft that never would run cool. 
while another with a wrought-iron shaft had never given any 
trouble, and they were passing judgment on their own experi- 
ence. Persistent exposure of these fallacies gradually brought 
about a change in sentiment. 


“Cold Crystallization” does not Occur. 


It took a long time to persuade people who had seen broken 
forgings which showed a coarse crystalline section that the 
metal had not crystallized from shock or vibration in ser- 
vice, but had been forged in such a manner that the crystalline 
condition of the ingot from which the forging had been made 
had not been changed by the forging process or by subsequent 
heat treatment. And these are the people even now who consider 
themselves conservative, who would rather have their forgings 
made of a mild steel which is weak than of a higher carbon 
steel which is strong, simply because the old ideas are not yet 
eradicated from their minds. Tests were made at the Goy- 
ernment testing bureau at Watertown by rapidly bending bars 
forward and backward within their elastic limit with the fol- 
lowing results, and these have given engineers an idea of the 
comparative endurance of wrought iron, steel and nickel steel, 
in such service as that to which crank pins, shafts, etc., are 
subject: 


TESTS OF STEEL UNDER REPEATED STRESSES. 
Under a Fiber Stress of 40,000 Pounds per Square Inch. 


Wrought iron breaks after 50,000 alternations of stress 
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Engineers and those whose duties it is to purchase forgings 
have been led to see that they should specify definitely the 
strength that they wish the material to possess and then to 
follow up the specifications by inspection to insure receiving 
what has been ordered. 

During the past few years a series of specifications has 
been drawn up and adopted by the International Association 
for Testing Materials, which is composed of engineers, manu- 
facturers, companies, associations, societies, and any indi- 
vidual or organization interested in obtaining standards. The 
standard specifications for forgings are herewith given for 
convenient reference and the physical properties mentioned 
are obtained from test bars drilled from a full-sized prolonga- 
tion, forged to one end of the forging, these test bars being of 
the United States Navy standard size, % inch diameter and 
2 inches long between gage marks. 


REQUIREMENTS AND GUARANTEES FOR STEEL 


FORGINGS. 

Tensile Elastic Contraction 

sh _ Strength, lbs. Limit Ibs. Elongation, of Area. 

Class of Steel Forging persq.in. persq. in. per cent. per cent. 
Nickel Steel. (1) 95,000 65,000 21.00 50.00 
. 46 (2) 90,000 60,000 22.00 50.00 
et Tempered } (3) 85,000 55,000 24.00 45.00 
bie ( 4) 80,000 50,000 25.00 45.00 
ae (5) 80,000 45.000 25.00 45.00 
- 1¢6) 80,000 45,000 24 00 40.00 
Carbon Steel, ( (7) 90,000 55,000 20.00 45.00 
Oil (8) 85,000 50,000 22,00 45.00 
Tempered. | (9) 80,000 45,000 23.00 40.00 
(10) 80,000 40,000 22.00 35.00 
| (11) 75,000 37,500 23.00 35.00 
- 1 (12) 70,000 35,000 24.00 30.00 


Dimensions of solid and hollow forgings in which the physi- 
cal qualities mentioned in the above table are guaranteed: 

(1) Solid or hollow forgings, no diameter or thickness of 
section to exceed 3 inches. 

(2) Solid forgings of rectangular sections not exceeding 6 
inches in thickness, or hollow forgings, the walls of which do 
not exceed 6 inches in thickness. 

(3) Solid forgings of rectangular sections not exceeding 
10 inches in thickness, the walls of which do not exceed 10 
inches in thickness. 

(4) Solid or hollow forgings, no diameter or thickness of 
section to exceed 10 inches. 

(5) Solid forgings, no diameter to exceed 20 inches, or 
thickness of section 15 inches. 

(6) Solid forgings over 20 inches diameter. 

(7) Solid or hollow forgings, no diameter or thickness of 
section to exceed 38 inches. 

(8) Solid forgings or rectangular sections not exceeding 6 
inches in thickness, or hollow forgings, walls of which do not 
exceed 6 inches in thickness. 

(9) Solid forgings of rectangular sections not exceeding 10 
inches thickness, or hollow forgings, walls of which do not ex- 
ceed 10 inches in thickness. 

(10) Solid or hollow forgings, no diameter or thickness of 
section to exceed 10 inches. 

(11) Solid forgings, no diameter to exceed 20 inches or 
thickness of section 15 inches. 

(12) Solid forgings over 20 inches in diameter. 
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SAVING FROM NEW TOOLS AND METHODS. 


At a meeting of the Western Railway Club Mr. M. K. Barnum 
gave illustrations of the amount of money that is wasted 
every day by the lack of up-to-date tools. He contends that 
if an old machine can be replaced with a new one which will 
do enough more work, or do the same work with enough less 
labor, to represent a saving in money equal to 5 per cent. per 
annum on the investment, it should be entitled to careful 
consideration. As this is the basis on which other railroad 
improvements are figured, how easy ought it to be for me- 
chanical men to obtain approval on a requisition for a ma- 
chine which will save from 10 per cent. to over 100 per cent. 
per annum on the investment. 

Several examples were instanced by Mr. Barnum of the 
saving through new tools and methods, which are given below. 
They are from “actual practice.” 
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1.—In a railroad shop employing about 160 machinists there 
were no horizontal boring machines for such work as boring 
driving box brasses, rod brasses, rocker boxes, air pump 
cylinders, etc., and all such work had to be done in lathes, 
milling machines or drill presses. 

After repeated conferences and much argument accompanied 
by estimates of savings that would result, permission was ob- 
tained to order a No. 2% horizontal boring and drilling ma- 
chine with 4-inch bar and latest attachments. It has been in 
use about 18 months and shows earnings by money saved as 
follows: 

Original cost of machine installed ready for work. . $1,696.00 
Average savings per year as compared with old man- 

ner of doing same WOrk ......:....ceeee eee eenes 
Interest on investment 

It formerly required three hours to bore a driving box brass 
for a 9x 12-inch journal in a milling machine and about four 
hours to do the same work in a lathe, whereas they are now 
pored in one hour in the horizontal boring machine. Rocker 
boxes, tumbling-shaft boxes, etc., are done in one-half the time 
formerly used. 

In boring air pump cylinders it was formerly necessary to 
take the pump apart and set and bore each cylinder separ- 
ately, requiring from two to three hours each. In the new 
machine it is possible to bore all four cylinders of a New 
York pump at one setting, without taking them apart, which 
requires but an average of one hour for each cylinder. In 
addition to the saving in time, much greater accuracy is in- 
sured. It is very conservative to say that this machine does 
double the work of the old ones, thereby saving the wages of 
one machinist at $3.00 per day for 300 working days, or $900.00 
per year. 

2—An old car-wheel borer was replaced by a new, heavy 
42-inch borer with hub-facing attachment, power crane for 
handling wheels, etc., which cost, installed, $1,710.90. This 
wheel borer saves the wages of one helper three hours a day 
and does more than double the work of the old machine, 
making a total of $2.45 per day, or $735.00 a year, which 
amounts to 42%4 per cent. on the investment. 

3—A new heavy double head car-axle lathe, costing $1,665.00 
installed, turns out one-third more work than the old one on 
account of taking a heavier cut and heavier feed, thereby 
saving about $250.00 a year, or 15 per cent. on the principal. 

4—It formerly required about four hours for eight men 
with screw jacks to take a 10-wheel engine weighing 132,000 lbs. 
off its drivers, at a cost of $5.14, and about one-half that time 
for four men’ to do the same work with hydraulic jacks; but 
using four pneumatic jacks, it is now regularly done by four 
men in one hour at a cost of 66 cents. However, to be strictly 
up-to-date an electric crane should be used and the time re- 
duced to ten minutes. 

5. A pneumatic ram was recently made atacost of $168.55 for 
breaking staybolts to remove worn-out fire boxes, which earns 
very large interest on the investment. It formerly cost $45.60 
to cut out the crown bolts and staybolts of a 10-wheel locomo- 
tive with 9-foot fire box, using three men, but with the pneu- 
matic ram it is done by two men for $15.20, thereby saving 
$30.40 on each fire box. If only one fire box was removed 
each year this tool would earn 18 per cent. on the investment, 
but as this shop applies 30 new fire boxes a year the saving 
amounts to $912.00, or 541 per cent. per annum on the amount 
invested. 

6.—In a certain shop which makes general repairs to about 
160 locomotives a year the average length of time required 
to put each engine through the shop was reduced from 34 
days in 1898 to 30 days in 1900. This represents a saving 
of 640 days for one locomotive, which, at a rental value of 
$10.00 a day, gives $6,400.00. As this was done with the addi- 
tion of only a few new machines in a shop full of old and 
worn-out tools, many of which had been in service from 25 
to 35 years, you can readily understand how much greater 
saving could be effected had the shop been fully equipped with 
up-to-date machinery. 
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The hottest place (on earth) is said to be at Mammoth 
Tank, Colorado desert, where the temperature has risen to 
at least 128 degrees. 
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* * * 

With the establishment of the Engineering Edition of 
MACHINERY there is more room available in the dollar, or 
Shop Edition, for letters and short articles upon shop meth- 
ods and devices and kindred subjects. Much of the general 
matter, such as has occasionally been published in MAcutn. 
ERY, Will now be transferred to the Engineering Edition, 
which will give additional space in the Shop Edition for 
articles dealing directly with shop practice. We intend to 
have these articles in greater variety than ever before, and 
readers of MACHINERY can materially assist in this by giving 
us the results of their experience and observation in the 
form of brief contributions, accompanied, if possible, by 
sketches or photographs. For the benefit of those who have 
not contributed, we will add that all sketches are redrawn in 
the process of engraving, no matter how good or how poor 
they may be, and that manuscripts are re-written in this 
office if necessary. While manuscripts and sketches should 
always be prepared as carefully as possible, a contribution 
will not be rejected simply because it needs considerable 


revision. It is the idea that we want, and if the idea is a 
good one it will always have careful consideration. All ac- 
cepted contributions are paid for upon publication. There is 


probably not a machine shop in the land but that might 
supply something of value to many of our readers. All live 
mechanics are interested in something pertaining to shop 
work, and it is this something that we want to hear about. 
se Be 

BLACK DIAMONDS FOR USE IN THE ARTS. 

Some months ago the writer visited a well-known shop in 
Brooklyn (National Meter Works) and was shown some in- 
teresting examples of the use of black diamonds or carbons 
for lathe and other machine tools. Some of the working 
parts of water meters built by this company are made of 
hard rubber, which has to be machined after being molded. 
It will probably surprise some mechanics who have never 
worked this stuff to learn that it is one of the most difficult 
substances known to machine with steel tools. In fact it is 
impossible to work it accurately with ordinary steel tools, 
or any steel for that matter. Some peculiar property of hard 
rubber, developed by the combination of ingredients necessary 
for vulcanizing, causes it to blunt the edge of the finest and 
best steel so quickly that it is rarely possible to go over the 
surface of a small piece even and have it pass the inspectors’ 
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limit gages, the wear of the tool being so great. Consequently 
it is necessary to use diamond tools for turning hard rubber 
and they are generally used for this purpose. 

In these ghops, however, the use of carbon tools has been. 
extended to the regular machine shop departments, making 
them the finishing tools for turret lathes, for boring gas en- 
gine cylinders, and for many other purposes to which ordinary 
steel is usually applied. The results in the matter of accu- 
racy are very gratifying and if it were not for two or three 
drawbacks the black diamond tool would undoubtedly become 
a common lathe tool accessory in many machine shops once 
its advantages were recognized. 

One difficulty is that of holding an irregular mass of car- 
bon so as to present the cutting edge advantageously and 
still hold it firmly enough to prevent its being dragged out. 
by the pressure of the cut, and lost; but this is not very seri- 
ous, since the proper function of a diamond tool is finishing 
and not removing heavy stock. There are a number of 
methods employed for mounting carbons in holders, the par- 
ticular one to be used depending somewhat on the size and 
shape of the carbon and the use to which it is to be applied. 
Another and more serious trouble is grinding the correct 
shape of cutting edge for metals. This takes considerable 
time; again the grinding of carbons is said to be a trade secret 
not known to many of the regular cutters who work on white 
diamonds. The most serious drawback to the use of diamond 
tools, however, is their great cost. It is so great that it 
renders their use practically prohibitory except where the 
nature of the substance makes them positively necessary. This 
condition vitally affects the prosperity of a number of in- 
dustries. Diamond dies are largely used for drawing the 
finer wire sizes and the diamond drill is extensively used in 
prospecting when it is desirable to secure a solid section of 
rock from depths. 

The only place in the world in which black diamonds are 
found in sizes large enough to be of commercial value is in 
the state of Bahia, Brazil. A recent report made by Mr. H. 
W. Furniss, U. S. Consul at Bahia, Brazil, makes public con- 
siderable interesting information regarding the mining of 
diamonds and the reasons for the excessively high prices that 
prevail. Mr. Furniss says that contrary to what is generally 
believed to be the case, there is no combination of interests 
or syndicate that controls the output of carbon; the limited 
supply and consequent high prices may be attributed to the 
lack of proper machinery for mining. 

Diamonds were first discovered in Bahia, Brazil, in 1821, 
but it was not until 1844 that they were mined to any extent. 
All diamond and carbon-bearing lands belong to the State, 
but it is possible for a person of any nationality to take 
out mining claims by complying with the State regulations, 
which do not appear to be rigorous. The climate, however, 
is very bad, fevers and other diseases being prevalent. The 
miners do not work systematically and the character of the 
tools used is very crude. Diving machines are used to a 
limited extent to get the precious stones from the river bot- 
toms, and naked divers also work these beds. The geological 
formation of the district is volcanic. The diamonds are found 
in sandstone pebbles containing a very hard matrix. These 
pebbles are mixed throughout the granite and when exposed 
to the weather they disintegrate and expose the diamonds and 
carbon hidden within. The quantity of the granite contain- 
ing diamonds is enormous and the production could be multi- 
plied many times provided proper machinery and modern 
methods of mining and handling rock were employed. 

The present output of carbon from the diamond district 
averages about 2,500 carats per month of all classes—porous, 
crystalline and good. The most valuable sizes are those 
weighing from one to two carats. Larger sizes have to be 
broken up to be used, which causes loss; and the smaller sizes 
are not in great demand. The largest black diamond ever 
found was discovered in the Lencoes district (where the best 
ones come from) in 1895. It weighed 3,150 carats and sold 
to the exporter for $24,500. The next largest in size was 
found in the same district in 1901 and weighed 577 carats. 
This was sold by the miner for $17,380. The average size 
of carbons is six carats. Almost the entire product of dia- 
monds and carbons is shipped to London and Paris. 
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DANGER FROM GAS EXPLOSIONS. 


The formation of explosive gas is a danger that cannot be 
too well guarded against as it often occurs in the most un- 
likely places and under what may seem to be normal condi- 
tions. We are, of course, only too familiar with danger aris- 
ing from gasoline and benzine vapor. A tank full of gasoline 
is not nearly so likely to explode when approached by a light 
as when partly full or as an empty barrel which has contained 
gasoline, but an explosion in an empty steam boiler, is an- 
other matter. The Locomotive teils of an engineer at Menom- 
inee, Mich., who was severely injured by an explosion in an 
empty steam boiler which had been laid up for repairs. The 
repairs had been made and the engineer found it necessary 
to open a hand-hole to examine the interior. Finding it 
necessary to insert a candle, he did so and thrust it into the 
open handhole. Immediately an explosion occurred, accom- 
panied by a blinding flash and loud report. The explosion ap- 
pears very mysterious on the face, but it is attributed by the 
Locomotive to the use of petroleum or kerosene to loosen 
scale. Whenever a boiler is opened after such solvents have 
been used, great care should be taken to thoroughly ventilate 
the interior before inserting a light. A still more puzzling 
class of explosions is reported to have been occurring recently 
in the wheat fields of Washington. Many grain threshers 
have been wrecked and burned by gas explosions taking place 
while threshing. These were at first attributed to smut in 
the wheat, but it is pointed out that smut is no more plentiful 
this year than in former years. Apparently a more likely 
cause is the use of California petroleum for lubricating oil, 
which has been the practice lately. A hot bearing would, of 
course, gasify the petroleum and give off an explosive vapor 
which would only require a spark from the engine to cause an 
explosion. In fact the heat of the bearing alone might be 


sufficient. 
x * * 


NEW VARIABLE SPEED MOTOR FOR RAILWAYS 


What may prove to be the most important event of the 
month in the field of constructive engineering is the an- 
nouncement by the Westinghouse Hlectric and Manufacturing 
Co. of the perfection of an alternating current traction system 
for interurban railroads. A road with this equipment is to 
be constructed between Washington and Baltimore, a distance 
of 40 miles, with a branch running to Annapolis, a distance 
of 15 miles, by the Washington, Baltimore and Annapolis Elec- 
tric Ry. Co. 

For operating the ordinary street railways at the present 
time the direct-current motor is used, almost without excep- 
tion. Where the distances traversed are great, however, the 
plan is sometimes adopted of using high-voltage alternating 
currents for distributing the power to points along the line; 
and then, by means of transformers and rotary converters, 
the current is supplied to the trolley wire as direct current 
at the usual railway voltage of from 500 to 650 volts. The 
rotary converter substation, however, has always been an 
undesirable feature, chiefly on account of the cost of the 
apparatus and building and the attendance required. While 
the plans that have been proposed to do away with this are 
numerous, none have appealed to railway engineers. 

In Europe the polyphase induction motor has been used 
to some extent, but it has required the use of two or three 
overhead wires, and we understand that the induction motor 
has not been found entirely satisfactory in points of starting 
torque and in efficiency at other than the normal speed. The 
Westinghouse Company propose to employ a single-phase 
alternating current, to be transmitted at 15,000 volts to sub- 
stations containing stationary transformers at suitable inter- 
vals. From these stations current will be fed to a single 
trolley wire at 1,000 volts. The motor used will be a single- 
phase, variable-speed motor, and it is in this motor and its 
connections that the greatest interest is attached. Particu- 
lars are not yet to be had, but the builders are confident 
that it marks a long step in advance, which has been awaited 
by railway engineers. 

Two months ago we called attention to the electro-pneu- 
matic car system recently perfected by Mr. Bion J. Arnold, 
Chicago, for the use of alternating current on railways. In 
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this case the motor on the car is employed to propel the 
car and to charge an air reservoir on the car. The air com- 
pressor operates either as a compressor or motor, and is 
connected directly to what corresponds to the stator of an 
alternating-current motor, the stator in this case being so 
constructed that it can rotate instead of remaining stationary 
as usual. The speed variation in the motor is obtained by 
varying the speed of the stator through running the air 
engine at different speeds. The rotor, which drives the car, 
must necessarily keep in step with the stator and so propel 
the car at the corresponding speed. 

The Arnold system is to be applied to an important line 
in the West, and this, with the Westinghouse line between 
Washington and Baltimore, may mean the beginning of a 
rapid change from steam to electric locomotives on suburban 
lines and even on through lines, where the conditions are 


suitable. 
eK Ox 


NOTES AND COMMENT. 


REVIEW OF CURRENT EVENTS, TECHNICAL AND 
MECHANICAL. 


In the article on the Cincinnati Machine Tool District in the 
September paper the total floor space of the G, A. Gray Co. 
was given as 30,000 square feet, whereas it should have been 
70,000. 


Probably the largest elevator contract ever awarded was 
recently closed by the Otis Elevator Co. with the Metropolitan 
Life Insurance Co., for the additions to their building, Fourth 
Ave., 23d and 24th Sts., New York City. The new equipment 
consists of 23 high-pressure passenger elevators, 4 hydraulic 
freight elevators and 2 electric passenger elevators and they 
contemplate converting the 13 passenger elevators in the orig- 
inal building, so as to operate them at an increased pressure. 
The plant, when complete, will consist of 40 hydraulic ele- 
vators, operated from one pumping station. 


A bridge which will have the longest span in the world 
is being constructed over the St. Lawrence River six and one- 
half miles south of Quebec. At this point the river is from 
1,900 to 2,500 feet wide, according to the tide. The channel 
will be crossed with a suspended span and two cantilever 
structures, the latter supported on piers near the shore, and 
having arms 500 feet long. The span from pier to pier will 
be 1,800 feet long, and the total length of the bridge will be 
3,300 feet. The span of this bridge is nearly 100 feet longer 
than that of the famous Forth Bridge, Scotland, and 200 feet 
longer than that of the Brooklyn Bridge. The longest canti- 
lever bridge in America at present is the one over the 
Mississippi River at Memphis, Tenn. It measures 790% feet 
petween supports. Another one is building over the Monon- 
gahela River, Pittsburg, for the Wabash Railroad, which is 
to be 812 feet long. 


NOVEL EXPERIMENT IN “INDUSTRIAL BETTERMENT.” 

The J. A. Fay & Egan Co. and the Lane & Bodley Co. are 
planning the erection of a building upon the site of their Bond 
Hill factories for the benefit of the workmen employed. This 
will be something in the nature of a combined boarding house 
and restaurant, and the purpose is to so conduct it that it 
will take the place of the usual saloon and boarding houses 
which spring up in the neighborhood of large manufacturing 
establishments. Everything offered by the saloon will . be 
offered here, but in a more attractive way, and it is the inten- 
tion to sell everything at a price so much less that no 
ordinary saloon in the neighborhood can possibly compete. 
The companies expect to derive a benefit by securing abundant 
labor of the class which patronizes boarding houses by offer- 
ing attractive rooms and meals at a cost much less than the 
workmen could otherwise secure. 


PROGRESS ON NEW BROOKLYN BRIDGE. 

It is now expected that the new Brooklyn bridge will be 
completed one year from the present date. All of the steel- 
work of the Brooklyn approach has been erected, the founda- 
tions for the Manhattan approach have been laid and con- 


82 MACHINERY. 


siderable of the steelwork put in place. The stringing of 
the wires for the four main cables was completed several 
weeks ago. Hach cable consists of 387 strands having 208 
wires, .192 inch diameter and of 7,000 pounds tensile strength. 
This gives a total ultimate strength of each cable of 7,000 X 
208 & 87 — 58,872,000 pounds, assuming that all the wires 
are strained equally when the cables are loaded. The greater 
part of the steelwork for the bridge proper remains to be 
manufactured, or put together at the plant of the Pennsyl- 
vania Steel Co., who are doing this part of the work; but 
they are required by contract to finish it within eight months 
from the time the cables are finished, and these, with the 
saddles for supporting the suspender cables, are now prac- 
tically complete. 


REMARKABLE PATENT CASE. 

A dispatch to the New York Commercial states that every 
rolling mill in the United States rolling ingots into structural 
shapes is infringing on the patents of John Brisbin, a janitor, 
and Antonie Vinnac, a roller. Brisbin and Vinnac, both roll- 
ers, invented part of the present system of carrying the 
ingot on a bed of rolls laterally and vertically, for which they 
received a patent July 20, 1886. They also secured an inter- 
est in a patent granted Patrick Hanley and Francis M. 
Ritchey November 16, 1886. Suit was brought against the 
Carnegie Steel Co., Ltd., for infringement of patents in May, 
1897. Judge Buffington, of the United States Circuit Court, 
heard the arguments last spring. The Carnegie Steel Co.’s 
claim was invalidity of the patent and non-infringement. 
Judge Buffington held that in view of the great advance in 
the system of rolling structural shapes, those who have from 
an inventive standpoint brought about such advance should 
share proportionately in the gains thereof. 


SINKING A LARGE WELL. 

The Des Moines (la.) Water Co. have used a novel method 
for sinking a large well that is to form a part of a new 
water system. The well is 19 feet diameter by 35 feet deep. 
The character of the soil is such that the running water and 
the loose sand make it impossible to first dig the well and 
then wall it up with brick; so the circular brick wall for the 
well was first built upon the dry ground, and, by cutting 
the dirt and sand out from underneath, the whole structure 
was gradually lowered into position. 

An iron ring 35 feet in diameter, and triangular in cross- 
section, with one of the angles of the triangle pointing down- 
ward, was used as the foundation for the brick wall. This 
iron shoe weighed 5% tons and on top of this was laid the 
circular brick wall with iron stay rods at frequent inter- 
vals to make it firm. This structure first stood on the surface 
of the ground, but by digging out on the inside the wall was 
forced down into the ground by its own weight. The weight 
of the shoe and brick ‘wall together was about 150 tons. 


THE HARVESTER AND SEWING MACHINE COMBINATIONS 


And now the humble farmer and hard-working housewife 
are to come under the bane of the iniquitous trust. Five 
of the harvester companies of the country have merged into 
one corporation, called the International Harvester Co., and 
it is announced that a large corporation is about to be 
formed for the purpose of taking in nearly all the sewing 
machine manufacturers of the United States. The Inter- 
national Harvester Co., as given in the Jron Age, includes the 
McCormick Harvesting Machine Co., the Deering Harvester 
Co., the Plano Mfg. Co., the Warder, Bushnell & Glessner Co., 
and the Milwaukee Harvesting Co. The sewing machine firms 
included in the other combination, as stated in the New York 
Times, are the manufacturers of the New Home, Household, 
Domestic, Demorest, Standard, White, Davis, and National 
machines, the Williams Mfg. Co., Foley & Williams Mfg. Co., 
the Illinois Sewing Machine Co., and Chicago Sewing Machine 
Co. The Walter A. Wood Co., D. M. Osborne Co., the Acme 
Harvester Co., and several smaller firms are not to enter the 
harvester combination. Of the sewing machine manufacturers 
the Wheeler & Wilson, Singer, and Wilcox & Gibbs companies 
are, among others, to continue along independent lines. 
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A GOOD WAY TO SECURE AN UP-TO-DATE EQUIPMENT. 

The Lane & Bodley Co., Cincinnati, O., are planning to 
build a foundry, primarily for their own engine business, 
and secondarily as a general jobbing foundry. Preparatory 
to beginning operations they have adopted a plan which other 
firms contemplating new structures might profitably follow. 
They have issued a form letter to the foundry trade calling 
for information relative to foundry appliances and the design 
of foundry buildings, of which the following paragraph con- 
tains the essential points: 

“If there is anything profitable to be installed in a new 
foundry for our own standard work or for jobbing, we want 
to carefully consider, and if any provision should be made in 
the foundry arrangement or construction to adapt it to such 
profitable apparatus or appliances we want to know it before 
and not after the building is constructed. We inclose a blue- 
print indicating the proposed arrangement. If you build 
or have for sale anything you wish to suggest for installation 
in this foundry we shall be pleased to have a description, to- 
gether with any alterations in the plan we send you, which 
you would suggest to better adapt it for your proposed appar- 
atus.” 


NEW ELECTRICAL LABORATORY. 

The buildings occupied by the electrical department at 
the Massachusetts Institute of Technology, Boston, have long 
been inadequate for the number of students taking the course 
in electrical engineering, and a new laboratory building is 
being erected which will have one of the finest equipments 
of any electrical laboratory in existence. In its appointments 
and variety of apparatus it will surpass the German labora- 
tories, which,, at the present time, probably rank the highest 
in scientific attainments and facilities for investigation. The 
laboratory will be divided into five important working parts— 
the power room and main laboratory; the smaller research 
rooms, based upon a study of the facilities which the Ger- 
mans place at the disposal of special research workers; the 
standardizing room; the workshop, and the lecture room. 
These rooms, grouped in a single large building, covering 
some 40,000 square feet of land and one story in height, are 
so lighted by skylights that each has the steady, well-diffused 
light of an. artist’s studio. The lecture room will seat 300 
students and facilities will be provided for bringing machinery 
into the lecture room, using it to illustrate the lecture and 
then for conveying it again to the proper place in the labora- 
tory. 


THIS YACHT IS WELL NAMED. 

Charles R. Flint’s steam yacht Arrow, designed by Charles 
D. Mosher, New York, evidently holds the world’s record for 
high speed travel on the water. The Arrow was launched 
several months ago, and has been used by Mr. Flint in going 


to and from his business in this city. She was designed for 


a 40-knot boat, and it was expected that she would surpass 
in speed anything afloat. Not until recently, however, was 
a full power trial made. At the trial she attained a speed 
of 39.24 knots an hour, equivalent to 45.2 statute miles. This 
is two miles an hour faster than the speed claimed for the 
British turbine yacht Viper, the hull of which broke in two 
some time ago. Two of the fastest boats in this country are 
the Ellide, with a speed of 40 miles, and the Porter (tor- 
pedo boat) with a speed of 33 miles an hour. The dimensions, 
capacity, etc., of the Arrow are: Length, extreme, 130 feet 
4 inches; length on waterline, 130 feet; beam, extreme, 12 
feet 6 inches; normal draught of hull, 3 feet 10 inches; dis- 
placement, normal, 78 tons; coal bunker capacity, 17 tons; 
water tank capacity, 1,800 gallons. The horse power of her 
engines and boilers is about 4,000. The Arrow’s hull was 
constructed by Samuel Ayres & Son, Nyack, N. Y., and the 
boilers were built at the Crescent Shipyard, Elizabeth, N. J. 
The L. Wright Machine Works, Newark, N. J., turned out 
the main engine and auxiliaries, and W. D. Forbes & Co., 
Hoboken, N. J., the air and feed pump. 


WHERE SMOKE WAS A NUISANCE. 
Since the installation of an electro-pneumatic switch and 
signal station by the Pennsylvania R. R. in Pittsburg for the 
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operation of the switches and signals of the Pennsylvania 
lines east, the Allegheny Valley road, the Pittsburg,, Fort 
Wayne & Chicago, and the Pittsburg, Cincinnati, Chicago & 
St. Louis, which lines enter the new Union Depot in that city, 
it has been found that the black, cinder-like atmosphere inter- 
feres seriously with the operation of the new system. Fre- 
quent delays in the passenger service have been occasioned 
from this interference. 

The compressed air power is supplied, for the operation 
of the switches and signals, from huge compressors in the 
main power plant of the station. When the trouble with 
the switches first occurred whole sections of the conduits 
were torn up and carefully examined, but no fault could be 
discovered. A number of leading engineers were then con- 
sulted, and it was finally discovered that the dense smoke 
from the trains and surrounding mills and factories was re- 
sponsible for the clogging of some of the switches, and it 
was also found that the only way to prevent this trouble was 
to filter the air before its compression. 

The company at once began the installation of an air 
filtration plant, and this plant, which is located next to the 
dynamo room in the power plant, has just been completed, 
and is one of the first plants of its kind to be installed in the 
country for railway work.—W. G. I. 


THE GREAT SAULT STE. MARIE POWER PLANT. 

During the past month water was turned into the recently 
completed power canal at Sault Ste. Marie, Mich., and one 
of the greatest water power enterprises of the country will 
soon be a reality. The canal utilizes a fall of about 18 feet 
in the St. Mary River, which connects Lake Superior and 
Lake Huron. An attempt to utilize this fall was first made 
on the Canadian side of the river in 1897, when a canal 
2,000 feet long, 125 feet wide and 14 feet deep was ’'com- 
pleted with a capacity for 20,000 H. P. The new canal on 
the American side flows directly through the city of Sault 
Ste. Marie, and has double the capacity of the Canadian 
canal. It is about 21-3 miles long, has an average width of 
224 feet and a depth of 22 feet. A large portion of the canal 
is cut through solid rock, and in its course through the city 
crosses thirteen streets, several of which have been spanned 
by steel bridges. At the lower end the canal widens out 
into the forebay, or more familiarly the mill pond, between 
which and the river into which the canal empties is built 
the power house. This is a structure 1,368 feet long, on 
pile foundations, with heavy masonry walls through which 
_ are the penstocks that will eventually supply water to 320 
turbines of 500 H. P. capacity each. These turbines are 
arranged in pairs, two pairs, or four wheels, forming a unit 
and operating an independent shaft to which a 375-kilowatt 
generator is directly connected. 

An interesting feature of the canal is a movable dam at 
the intake to control the volume of water. It consists of four 
leaves, 58 feet long and 28 feet high, suspended from and 
operating between piers of masonry. The enterprise has 
been conducted by the Michigan-Lake Superior Power Co., 
and about 20,000 H. P. will be used by the Union Carbide 
Co., who have a plant at Sault Ste. Marie for the manu- 
facture of calcium carbide. The remaining power will be 
utilized for the reduction and concentration of the various 
copper and nickel ores found in the vicinity of Lakes Michigan 
and Superior as well as for general power purposes. 


THE CANALS AT ST. MARY’S RIVER. 

In commenting upon the opening of this canal the Dubuque 
(lowa) Telegraph gives some interesting facts relative to the 
commercial development of the St. Mary River, which is 
indicative of the growth of American commerce. The St. 
Mary River is about 40 miles long and has a fall of 20 feet, 
making its ascent difficult to any except light traffic. The 
first attempt to improve the river was made about 1798 by 
the Hudson Bay Company, who built a lock 38 feet long, 
8 feet 9 inches wide and 9 feet deep. The United States 
troops destroyed this in 1814. The ship canal on the Amer- 
ican side was first proposed in 1837, and a canal 75 feet 
wide 10 feet deep and 100 feet long, with two locks, was 
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commenced, but through difficulties with Federal authorities 
it was not completed. In 1855, however, a much larger and 
longer canal was built through the assistance of the govern- 
ment. Improvements were made in 1880 and 1896, greatly 
increasing the capacity of the canal, the traffic of which 
exceeds that of the Suez canal. 


IN A CLASS BY THEMSELVES. 


The Largest Dome in the World. 

A hotel being built at West Baden, Ind., described in the 
Engineering News, will have the largest dome in the world, 
its span exceeding by about 15 feet that of the great dome 
of the Horticultural Building at the Chicago Exposition of 
1893. This dome, which has a steel framework, is nearly 
200 feet in diameter and rises 50 feet above its bed plates. 
The framework consists of twenty-four ribs connected to the 
center or crown by a circular plate drum and tied together 
at the bottom by circular plate girder ties. The weight of the 
dome complete with its outer covering is 475,000 pounds. It 
was designed and erected by the Illinois Steel Co. 


The Largest ‘‘ Automobile.” 

What has been described as “the largest automobile ever 
built” is a combined harvester and traction engine in use in 
Southern California. The big machine consists of a traction 
engine capable of hauling 75 tons, and which takes the place 
of 60 horses; a header or mowing machine, which cuts a 
swath of 36 feet, and a threshing machine all complete. 
The threshing machine and header are run by a 30 horse 
power engine entirely separate from the traction engine, save 
that they both get steam from the same boiler. The drive 
wheels are 8 feet in diameter and have tires 48 inches wide, 
on which are ridges 1% inches high. Under the most favor- 
able conditions the machine can thresh in one day the 
grain grown on 100 acres. Hight men are employed on the 
thresher. Oil is used as fuel, and four horses are employed to 
draw the oil and water required for the boiler as it travels 
over the plains. 

The Largest Steamer in the World. 

The largest steamship in the world to date is the Kaiser 
Wilhelm II., which was launched August 12, 1902. She was 
built for the North German Lloyd by the Vulcan Co., Stettin, 
Germany. The Kaiser Wilhelm II. is 706 feet 6 inches long, 
72 feet wide, 52 feet 6 inches molded depth, 29 feet draft, 
and has a displacement of 26,000 tons. She has four sets 
of 4-cylinder quadruple-expansion engines, the total power of 
which is nearly 40,000 H. P. Two of the cylinders of each 
engine are arranged tandem so that a three-crank shaft is 
required for each engine. The cylinder diameters are 37.4, 
49.2, 74.8 and 112.2 inches, all having a common stroke of 70.8 
inches. Steam is supplied by twelve double-ended and seven 
single-ended boilers at a pressure of 225 pounds. The total 
heating surface is 107,643 square feet, and grate surface 3,121 
square feet. The estimated speed is 23% to 24 knots per hour. 
Accommodations are provided for nearly 1,900 first, second 
and third cabin passengers. 

OBITUARY. 

Albert F. Prentice, vice-president of Prentice Bros. Co., of 
Worcester, Mass., died on September 14, at his home in that 
city, aged 61 years. Mr. Prentice had been prominent in 
Worcester for many years and had worked his way from a 
journeyman mechanic to the proprietor of a large business. 
He was born in Worcester in 1841, and educated in the 
common and high schools of that city. With a _ brother, 
Vernon F. Prentice, he worked in the foundry of the Cleve- 
land & Bassett Co. for a number of years, and then the two 
brothers engaged in the toolmakers’ business. This busi- 
ness was finally sold to F. HK. Reed. 

In 1872 the brothers began the manufacture of blacksmith 
drills under the name of Prentice Bros. Later they built 
machine tools—lathes and drilling machines being their 
special product. In 1889 they erected the building they now 
occupy, and about that time the firm was incorporated into 
a stock company, with Vernon F. Prentice as president and 
A. F, Prentice as vice-president. Mr. Prentice was a member 
of various societies, social and industrial. 
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SUPERHEATING. 


THE QUESTION OF VALVES—WATER IN THE CYLINDER— 
THSTS—THE SCHMIDT APPARATUS. 


Won. H. Bootu. 


Superheating steam enables it to live and therefore to do 
more work than if it were not superheated; and as less fuel 
need then be used it follows that the tendency of expensive 
fuel is to help on the practice of superheating. To ex- 
pensive fuel is probably due the continued use of superheat 
for many years past in Alsace, where through the labors of 
Hirn, steam economy has been made a special object. In 
countries with cheap fuel there is less inducement to employ 
superheat and the additional appliances involved. Moreover, 
when superheat did first come into vogue in Great Britain it 
was soon discarded, for two reasons. One was the inability 
of organic lubricants to live at all at the high temperature; 
the other was the growth of the compound system which 
enabled a large economy of fuel to be secured and in an 
easier manner than that of superheating. And all attempts 
at economy have, since about 1860 to the present day, been 
along the lines of higher pressures and more cylinders. 

But mineral oils, graphite, better construction and experi- 
ence have once more brought the superheater to the front. 
All attempts at steam economy, so far as the engine using the 
steam is concerned, resolve themselves into more or less 
direct means or efforts to preserve the cylinder as hot as the 
steam which enters it. To begin with there is the saving due 
to increased expansion. This economy failed at a very early 
point. It was found not to continue beyond quite moderate 
rates of expansion. The reason was that the cylinder was not 
hot enough: it chilled the entering steam and put a short 
limit on further expansion with economy. Next we might 
cite the Corliss valve with its sharp cut-off which was er- 
roneously credited with the economy that certainly came with 
this type of valve. Present-day knowledge discredits both 
the sharp cut-off and the valve itself to some extent, and 
gives credit to the position of the valve and the use of sepa- 
rate valves for inlet and egress of steam. To the position 
of the valves is especial credit due, for steam valves were so 
placed that they shot the moisture that entered with the steam 
right across the cylinder into the exhaust port, whence it 
was promptly ejected as soon as the exhaust valve opened. 
In this way the water did not partake in the processes of 
re-evaporation at the expense of the heat in the cylinder 
metal which go on in cylinders less perfectly drained. 

This thought raises the question of the position of Corliss 
valves in cylinder heads. With the exhaust valve raised 
above the lower side of the cylinder of a horizontal engine, 
the drainage cannot be so perfect and a fault may be here 
introduced that will wholly or in part negative the claimed 
benefits of smaller clearance spaces. 


Means of Overcoming the Effect of Cylinder Condensation. 

One need only assume that a minute thickness of the in- 
ternal surface of a cylinder follows the temperature of 
the steam as this enters the cylinder, expands and exhausts 
at constantly varying pressure, to realize that there must 
be great interaction between the cylinder surface and the 
steam. Despite the specific heat of cast iron being only a 
fraction of that of water, its specific gravity, is so much 
greater, and the weight of steam that enters a cylinder is so 
small a. fraction of the weight of the assumed thin sheet of 


cylinder surface, that this surface cannot change its tempera- - 


ture unless it absorbs a considerable quantity of heat from 
the entering steam, to give it up again to the water during 
the exhaust stroke. This water is formed by condensing the 
initial steam upon the cooled interior surfaces of cylinder 
and piston. In early steam engineering days men built a fire 
under the large cylinders of the huge Cornish mine pumps. 
Trevithick was accustomed, in his high-pressure engines, to 
place the working cylinder inside the boiler steam space and 
this was continued in many later locomotives. Drawings of 
Trevithick’s locomotive of 1803, which ran from the Pen-y- 
dareen works at Merthyr-Tydfil in South Wales, show a hori- 
zontal cylinder inside the steam space. This was the first 
locomotive ever run on a rail. 


October, 1902. 


Jas. Watt used the jacket to keep the cylinder as hot as the 
steam that entered it, to use his own expression, though of 
course it did not fully accomplish this desirable end. Watt 
must have seen clearly the effect of water in the cylinder, for 
he could not have been unobservant of the fact that the con- 
densation was transferred to the jacket, yet economy resulted. 
This of course was because, from the jacket, the water 
drained away unevaporated and did not enter the cylinder 
and it is now recognized as good practice to carry the work- 
ing steam by way of the jackets if these are so designed as to 
be well drained. Jackets not thus supplied are too apt to 
become dead ends of air or mere pockets of water. But the 
steam jacket can after all exert but a small effect on the 
steam in the cylinder. The heat of the jacket must travel 
through the cylinder wall and the inner skin of the cylinder 
will still change its temperature with the steam, alternately 
being hotter and colder than the steam within it and evapo- 
rating or condensing it accordingly. The net result of cylin- 
der condensation is that the heat which should do work may 
be said to enter the cylinder wall, step down to a level of 
less potentiality and emerge at the lower level without having 
done mechanical work. 

If the material of a steam cylinder were absolutely adia- 
batic, neither absorbing nor giving out heat, it would matter 
little at what speed it were set to run. The only matters 
affecting economy would be those connected with the internal 
frictional resistances of the working parts, and the clearance 
spaces and their treatment. The effect of these matters could 
easily and quietly be ascertained, and a level of performance 
and efficiency would be attained from which the best made 
engines would very slightly depart. It is to cylinder con- 
dengation we owe the jacket. The high rotative type of en- 
gine is an endeavor to minimize cylinder effects by cutting 
down the time that each charge of steam is exposed to the 
cylinder walls. At least this is the customary erroneous way 
of stating a half truth. It is not that the steam is exposed 
for so short a time, as that the cylinder metal undergoes 
oscillations of temperature of less amplitude than the steam. 
In a very slow-running engine the inner skin of the cylinder 
practically follows the steam in temperature; the rise and fall 
have no appreciable lag. At high rotative speed the undula- 
tions of the temperature become less in amount, lagging be- 
hind the steam curve. Obviously this must be so. At an 
infinite rate of rotation the cylinder wall temperature would 
be. represented by a horizontal line at a mean height on the 
temperature diagram of the very slow speed engine and the 
effect upon the steam and water in contact with the cylinder 
would be minimized. Another effect of high rotative speed 
is that water produced as mist by the conversion of heat into 
work is carried off before it has time to settle upon the 
cylinder walls. 

Compound engines are another means of combating the 
evil. By dividing the whole range of temperature between 
two cylinders the condensation is reduced. All that which 
occurs in the first cylinder appears as steam again in the 
second, except for the small amount which is converted into 
work or lost by radiation. All the steam that enters the 
first cylinder must appear as steam to enter the low-pressure 
cylinder. The total heat of the entering steam at the first 
cylinder is greater than the total heat of the same steam 
exhausting at a lower pressure and, so far as the effect of 
the high pressure cylinder is concerned, upon the steam which 
enters it. This steam when re-evaporated at lower pressure, 
not having done work must be superheated. If it were pos- 
sible to preserve a cylinder from radiation losses, and remove 
the liquefaction due to work, the exhaust of the high-pressure 
cylinder of a compound engine would be slightly superheated. 
The compound principle probably gains something by the 
smaller periphery of pistons and valves that are exposed to 
boiler pressure and by the reduction of the pressure difference 
on opposite sides of these peripheries of leakage. 


Why Superheating Leads to Economy. 

When the causes of cylinder condensation are thus under- 
stood and the immense effect on economy is realized, it is 
easy to foretell the benefit to be derived from additional heat. 
Steam cannot be superheated in presence of water. Hither 
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the water will soon be licked up or steam will become satu- 
rated. By adding heat to saturated steam not in presence of 
water, the steam is first made more perfect by the more 
thorough separation of the last remaining molecules of what 
has hardly yet become true steam. This done the steam be- 
comes superheated. Steam is so light a gas (only a little 
more than half the weight of air—about 3-5 actually) and 
its specific heat is less than half that of water, that it cannot 
carry much heat per cubic foot for even 100 degrees difference 
of temperature. We can therefore not explain the economy 
of superheated steam by any reference to the additional heat 
which it carries into the cylinder. If steam be superheated 
by 100 degrees, this only represents about 4.8 units of heat 
per pound of steam at most, and one pound of steam already 
contains 967 units of latent heat. The addition is but % of 1 
per cent and the smallness of the amount of heat is proved 
by the rapidity with which superheat disappears. About 10 
degrees are said to disappear for one meter length of steam 
pipe under ordinary conditions. It follows therefore that the 
explanation requires further consideration and it will be 
found, if we consider for a moment, that dry steam has a 
very poor heat absorbing effect. If for one stroke of a steam 
engine we could prevent the initial steam from condensing 
in the cylinder walls there would be no water to re-evaporate; 
and if there were no water to re-evaporate, the cylinder metal 
could not lose heat except by radiation to dry steam that 
would not rapidly absorb it. As a consequence the cylinder 
would still remain hot for the next charge of steam. Thus 
except for the small amount of heat™lost to the dry steam, 
once heating up a cylinder to the initial steam temperature 
would be enough to stop condensation losses for the day. 
Once allow a mere fraction of steam to condense and at once 
the action recommences. Water accumulates until it reaches 
such a maximum that the exhaust valve prevents further 
cumulation. It follows that what is wanted is just enough 
added heat to reduce the cumulation of wetness to the oppo- 
site effect of cumulation of dryness. Thus, if we assume an 
engine to be running wet, that 100 parts of water are re- 
evaporated at each stroke and that there is added sufficient 
heat to bring down condensation to 90 instead of 100, the 
next stroke will find the cylinder cold only to 90-100 of its 
former degree of coldness. Continue the addition of heat and 
a third stroke finds only 80 of cooling and so on. In a short 
time the cumulation of effect will reach a maximum and the 
cylinder effect will remain constant at the new figure, but will 
be again reduced by further small additions of heat every 
stroke. Ordinary degrees of superheat do not produce a dry 
exhaust. Some cylinder condensation still goes on, but very 
great benefits will accrue, not the least of which is that due 
to the steam being dry. 


The Schmidt System of Superheating. 

During the past few years several superheaters have been 
placed before steam users, with more or less _ success. 
Amongst the more recent is the Schmidt system which em- 
bodies the use of very high degrees of superheat. Thus in 
some recent tests the steam arrived at the stop valve at 709 
degrees F. for a pressure of only 129 pounds. The added 
temperature was thus 354 degrees F., the steam being almost 
exactly doubled in thermometric temperature. It does not, 
however, enter the cylinder at this temperature, but parts 
with some of its heat to the steam entering the low-pressure 
cylinder. This reduces it to 601 degrees. It leaves the inter- 
mediate cylinder at 286 degrees and enters the low-pressure 
cylinder at 397 degrees, acquiring 111 degrees of temperature 
from the initial steam which lost 108 degrees, thus appa- 
rently confirming the temperature readings very fairly. The 
low-pressure steam must have been highly superheated to 
begin with, for it only gave an indicated pressure of about 
2 pounds initially in the third cylinder, corresponding with a 
temperature of about 219 degrees—so that it began 178 de- 
grees superheated which is more than we are accustomed to 
see at the superheater in ordinary cases. .The exhaust from 
the intermediate cylinder was 66 degrees superheated and the 
general appearance of the diagrams showed dryness through- 
out. There was none of the filling up of the toe of the dia- 
grams that is so grave a fault with saturated steam and 
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shows re-evaporation at the expense of the heat in the cylin- 
der walls. Indeed, the diagrams seem to show that about 
350 degrees of superheat can be dealt with in an engine, 
without either wetness supervening or the exhaust being too 
dry. The superheat represents an addition to the total heat 
above 32 degrees of just one-seventh or 14 per cent—or say, 
15 per cent as measured above ordinary feed temperature, 
but it is nearly 20 per cent of the latent heat of vaporization 
of steam at the pressure named—130 pounds gage pressure. 
The steam used per indicated horse power was 11.4 pounds 
per hour, which curiously enough is about 2U per cent 1ess 
than a good triple-expansion engine with plain steam. This 
appears to be merely a coincidence. If one can look for an 
economy of 20 per cent with a superheat of 354 degrees an 
approximation to the economy at other temperatures may 
perhaps be made by allowing an economy of, say, 5 per cent 
for absolute dryness of initial steam, and a further 1 per 
cent for each 25 degrees F. of superheat. In running engife 
tests for allotment of bonus or penalty for performance in 
steam per k.w. hour, it is not always possible to secure the 
conditions of the specification, and it is necessary to agree 
upon the correction to be made for difference of the vacuum 
or of the superheat in a way to satisfy both parties. Very 
little is really known about the influence of superheat. Hith- 
erto we have been contented with 100 or 150 degrees and have 
seen half of this amount disappear between boiler or super- 
heater and the engine, and have been able to feel assured of 
little except that we were getting dry steam. 

In the Schmidt engine the steam used per unit varied from 
38 pounds for an output of 20 k.w. down to 18.3 pounds for 
a load of 140 k.w. From this it would appear that the engine 
used about 460 pounds to keep itself and the dynamo running, 
and that each unit really required about 15 pounds of steam 
per hour per k.w. for output or about 12.6 pounds per k.w. 
of engine power or about 9144 pounds per horse power, with 
the addition of the 460 pounds per hour spread over the 
whole output. This amount, of course, is much more serious 
on small outputs and shows how uneconomical it is to under- 
load an engine. 

The following were the figures obtained at various loads: 


Steam 
K.W. per Unit. 
BCD spreads IGOR GS Bianco REF Dike CHIEN nao COR RENE RIG Reena 18.3 
SUK Ves dee ice CREE ARE ONCiG IRA tO Re Gaba DICH CRr CE OL EMCEE 18.5 
TIN sacchari tro Lh eG cn oe CaO ORE Can ENE Eon 18.7 
S () ARN Me Sa aL RIT EY SS pace a diss, oy cea é-coplteh stars 19.4 
CE (Nos leona ash caliehheicar ice Hie ARORE CRORE UME MEER Ona Lag 20.8 
A () ape ate one ee Rg ei Seer Wee CRM oP Siem ture a Tete! cece sn. © 24.5 
BY cick cow etesheles Gries acy & Bid) CARRERE RCAC ICON 38.0 


The formula: 


(K.W. X 15) + 460 
—_—_—_—______—_———- = _ steam per unit, 

K.W. 
will be found to work out very closely in correspondence 
with the above figures, which therefore lie upon, or approxi- 
mately upon, a straight line curve. 


The Schmidt Apparatus. 

Coming now to the actual apparatus used to give superheat 
to steam Figs. 1 and 2, page 86, show the Schmidt super: 
heater which has a peculiarity of construction that may be 
particularly noted. It is known as the countercurrent and 
concurrent system. First, the steam from the boiler enters 
at that point of the superheater furthest from the source of 
heat; and it travels through the superheater in a direction 
opposite to the plane of the hot gases, until it reaches about 
the middle of the superheater structure. Arrived there the 
steam is then taken to the hottest end of the superheater and 
travels again toward the middle point, this time in the same 
direction as the gases. This is claimed to prevent the 
hottest end of the superheater from burning out. There is 
a superheater much used in this country (England) which 
is so arranged that the steam is taken alternately through two 
superheater coils and through coils immersed in the water of 
the boiler; and there is excellent authority for a statement 
that even after this treatment the steam still remains super- 
heated. Whatever may be the case, the system has been 
found to give very high results in steam production. A boiler 
could be forced to the point of heavy priming and in com- 


86 


bination with the superheater give a total output of dry 
steam of even treble its normal duty. Numerous other super- 
heaters are at work with fair satisfaction, but none have 
attempted the high temperatures of the Schmidt system. 
Obviously these high temperatures need care. Before clos- 
ing down the heat is kept out of the superheater and it is 
allowed to work about an hour on the stored heat from the 
brickwork and in case of sudden stop provision is made to let 
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Fig. 1. Plan of Schmidt Superheater. 


in cold air. My own experience of superheat points to the 
importance of blowing through a superheater before allowing 
it to supply steam to an engine, if there has been a short 
stoppage with hot fires. The steam, after such a stop, may 
go nearly red hot to an engine. Also in constructing an 
engine for high superheat certain points especially require to 
be watched. It may cause trouble to have a piston valve 
with its outer case carried by ribs that get hotter than the 
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By means of superheat alone can a steam engine be made 
to approach its thermodynamic ideal. It seems likely that it 
will enable the triple-expansion engine to be replaced by the 
more simple compound or the compound by the simple engine. 
One thing is certain, that there would be very little difference 
in economy of one engine from another if it were not for the 
action of the cylinder metal. All electric traction men know 
that the very small load factors of tramways, especially of 
small systems of a few cars only, involve the use of steam 
engines which are double in size what they might be if not 
of the compound type. The compound engine must be large 
in order that it may take in steam enough at its first cylinder 
to turn its load. The first cylinder measures off the steam 
to the second and limits the power of the engine to what can 
be given by about three-fourths of a small cylinderful of 
steam per stroke. If by the aid of superheated steam the 
pernicious cylinder condensation could be checked in simple 
engines these could be made to give the maximum duty re- 
quired without being underloaded at mean load. For the 
maximum load could be dealt with by three-fourths of a 
cylinderful of steam in the large (and only) cylinder and 
this could be, in cases I have calculated out, just about one- 
half the capacity necessary in a compound engine. The 
formula for steam per unit above given may be calculated 
out with the constant 460 and with a new constant of 230. 
The new constant will give much better results, especially at 
the smaller powers, for it represents the constant friction 
and radiation losses, etc., of the engine, and such losses are 
approximately in proportion to the size of the engine. A 
small engine properly loaded will in itself give better results 
apart from the frictional constant. I am of opinion that too 
much has been made of the compound principle for widely 
variable loads, for these compel a seriously small average 
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Fig. 2. W. Schmidt’s Superheater and Economizer applied to a Lancashire Boiler. 


seating sleeve. Such a valve will seize on points coincident 
with these inner ribs. Long sleeves, to keep piston rods and 
valve spindle glands away from the hot steam are em- 
ployed; and generally when designing an engine to use very 
hot steam, it is necessary to consider every detail and ask if 
it is exposed to any special expansion effect greater than 
surrounding parts. 

In the foregoing I have taken the specific heat of steam as 
0.48, but this seems very doubtful. The consensus of opinion, 
however, appears to be that it is not more than this figure 
and may be considerably less. 


load on the engine or it will not turn round at the minimum 
loads. Possibly by means of superheat the small single en- 
gine would do far better than the compound. 


* CK OK 


The Boston & Maine and the Boston & Albany railroads are 
to discontinue the practice of oiling their roadbeds to keep 
down the dust. While the remedy is efficacious so far as dust 
is concerned, there are many complaints from passengers 
whose clothing has been soiled because of the practice. 
When particles of sand and dust on an oiled roadbed are 
dislodged by a passing train, they are quite likely to leave an 
oil spot wherever they fall. 
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AN ADJUSTING MOTOR. 


INTERESTING MECHANISM FOR STEERING GEAR AND 
OTHER PURPOSES. 

In a recent article on marine steering gears attention was 
called to the fact that the engine should keep in motion only 
while the controlling valve is being operated upon by the 
steering wheel or lever, and as soon as this ceases the valve 
should automatically return to its mid position, while the 
piston immediately becomes locked in whatever position it 
may chance to be. It is for the accomplishment of this pur- 
pose that the controlling motor here illustrated was de- 
signed by Mr. Lincoln A. Lang, of Yale, N. Dak. ‘This motor 
is not only applicable to marine steering purposes but may 
be used for steering motor vehicles, for controlling engines, 
operating power feeds, presses, etc. It may be operated by 
steam, compressed air, or liquid under pressure, but for 
steering purposes an elastic medium like steam or air is 
preferable on account of the liability to shocks. 

The general arrangement of the motor is shown in Fig. 1. 
Working in a cylinder is the piston V from which piston rods 
extend through front and back cylinder heads and each con- 


"i T 


yyy y YW py yy YW yy, 


MACHINERY. 84 


loosely in the bearing S, within the main valve, is the inde- 
pendent double-ended check valve 7 which is adapted to close 
communication between either of the chambers R R’ and the 
interior of the valve. Assuming the piston to be in its 
central position, then the motive power, entering the chest 
by the pipe D, passes through the valve and the ports 0 C’ 
into both ends of the main cylinder, thus establishing an 
equal pressure on both sides of the piston. Now if some 
external force or shock is exerted upon the cross-head, tend- 
ing to move the piston in either direction, the result will be 
a tendency of the motive agent to circulate, which acting 
upon the check valve 7 will cause it to seat instantly, thus 
shutting off any outlet for the motive agent and preventing 
the piston from moving. Since the check valve seats itself 
against generator pressure it cannot pound and will fall back 
naturally to the balanced position as soon as the force tending 
to move the piston ceases to act. If we wish to shift the 
piston to one side of the center, to the right for example, the 
hand lever @ is unlocked from the sector and thrown over 
against the primary stop X, under which conditions the valve 
assumes the position shown in Fig. 2. This places the port C 
in direct communication with the live chest U and opens the 
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Lang’s Adjusting and Controlling Mechanism. 


nects to a cross-head, one of which is shown at J. A: sec- 
ondary cylinder or steam chest is located above the main 
cylinder and has connection with it by means of the ports 
C OC’. 

This steam chest connects with the source of motive supply 
by means of the pipe D, and with the atmosphere by the 
pipes H EH’. Working within the steam chest is the hollow 
piston valve F, which is actuated primarily by means of the 
hand lever G, the link H and the floating lever J; and sec- 
ondarily by means of the cross-head J, acting through combin- 
ing lever K and links L and M. The sector O and the com- 
bining lever K are integral and swing from the fixed pin N, 
while the lever G is mounted independently upon the same 
pin and is limited in movement, primarily by the stops X aXe 
on the sector and ultimately by the fixed stops P 1 

The movable sector O is provided with a central notch Y 
which is adapted to engage a spring catch upon the hand 
lever so that lever and sector may be locked together. The 
hollow piston valve F is closed at both ends and its interior 
communicates at all times with the source of motive supply 
by means of the openings, as indicated by the arrows. The 
circular grooves Q Q’, Fig. 2, through which the steam enters 
the cylinder, are so located as to register exactly with the 
ports @ © when the valve is in its mid position. Mounted 


port QO’ to exhaust, both ports Q and Q’ being thrown out of 
operation. The piston now moves to the right and in doing 
so swings with it the combining lever K. This revolves the 
sector O to the left and at the same time actuates the lower 
end of the floating lever J so as to return the valve to its 
original mid position, which will stop the piston and lock it 
in its new position. In its movement to the left, the stop X 
has moved away from the hand lever, so that when the mid 
position of the valve is regained the hand lever is again 
central with the sector. 

Had it been desired to continue the movement of the piston 
to the right the hand lever, instead of being held in place, 
would have been kept in contact with the stop X and caused 
to move with it to the left. This would have continued until 
the hand lever engaged the fixed stop P, when the movement 
of the levers would float the valve to its mid position and 
stop the piston just at the end of its stroke. 

Thus by moving the hand lever to left or right we can 
cause a corresponding movement of the piston, the length of 
whose movement can be regulated by the length of time we 
hold the lever against the stop X or X’. Whenever the de- 
sired position of the piston has been reached it is necessary 
only to stop the motion of the hand lever, when the valve 
will at once assume mid position, locking the piston in place. 
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ENGINEERING REVIEW. 


A SYNOPSIS OF CURRENT TECHNICAL LITERATURE. 


MAKING LARGE THREADED PIPE JOINTS TIGHT. 
American Machinist, September 11, 1902, p. siioe 
“We and others,” says Prof. Sweet, “have had a great deal 
of trouble in making and keeping large threaded pipe tight. 
We find that by threading the flanges % inch to foot taper and 
the pipe 54 inch to foot, the joints stay tight. The reason is 
that after being threaded the end of the pipe is thinner than 
farther back. The thin portion will compress as the thread is 
screwed home so that it fits closely all the way. Tinning 
the thread of a pipe before it is screwed in, is better than 
any paint or smear grease.” 


PENALTIES FOR DIVULGING TRADE SECRETS IN FRANCE. 
Cassier’s Magazine, September, 1902, p. 625. 

Under a French law still in force, the communication by a 
factory workman, clerk, or manager, of a trade secret to a 
foreigner, or to a Frenchman resident abroad, is punishable 
with a term of imprisonment ranging from two to five years, 
and with a fine ranging from 500 to 20,000 francs. The cul- 
prit is, moreover, deprived of his civil rights, and kept under 
police surveillance for a period of from five to ten years after 
his release from prison. A similar communication made to a 
Frenchman resident in France, is less heavily punished, the 
term of imprisonment varying in this case from three months 
to two years, and the fine from 15 to 200 francs. In the case of 
a State arms or ammunition factory, the maximum penalty 
must be imposed. It appears, further, that in France the pro- 
prietor of a factory has a right, without reserve, to the dis- 
coveries and inventions made within his field of work by any 
of his employees. 


THE HIGHEST RAILWAY IN THE WORLD. 
World’s Work, September, 1902, p. 2516. 


On the Oroya Railway in Peru, known as the Ferro Carril 
Central del Peru, it is possible to leave a station in a tropical 
climate eight degrees south of the equator and in eight hours 
reach a region of perpetual snow and ice. This railway is 
probably the most wonderful in the world, considering the 
difficulties encountered in its construction and the engineering 
expedients adopted to overcome them. Its total length from 
Callao to Oroya is only 138 miles, yet it cost $43,000,000 to 
construct, or over $310,000 per mile. At Chosica, thirty-three 
miles from Lima, the first switch-back is located and from 
this point until the summit is reached, the grade is four per 
cent. The summit is in the middle of the Calera tunnel 
(which is one and one-half miles long), and is at an elevation 
of 15,665 feet above the sea. This elevation is on a level with 
the summit of Mont Blanc in Switzerland and 1,445 feet higher 
than the Pike’s Peak in Colorado. The railway skirts the 
edges of precipices thousands of feet deep where it is diffi- 
cult to understand how the surveyors laid out the route. In 
fact in many places it was necessary to suspend them by ropes 
as they worked. In one place the bed of the River Remac is 
usurped by the track of the railway, the river having been di- 
verted by a tunnel so it flows beneath the tracks. A car will 
run by gravity alone from the tunnel to the sea coast, a dis- 
tance of 106 miles. The road is standard gage. The fuel used 
on the locomotive is petroleum. 


AUTOMOBILE FOR HEAVY DUTY. 
Iron Age, August 28, 1902, p. 11. 


The Fischer Motor Vehicle Co., Hoboken, N. J., are now 
manufacturing an automobile for heavy trucking which has 
a novel motive power in the combination of a gasoline engine 
with an electric storage battery. The gasoline engine, while 
it is a very convenient form of motive power, has but a 
limited range of speed and will not carry an overload. The 
storage battery, while overcoming these difficulties, is but a 
secondary power and consequently of limited mileage. The 
new motor is a combination of the two systems, possessing 
the advantages of both and eliminating the disadvantages. 


Under the fore part of the vehicle is placed a 10 H. P. 
three-cylinder, four-cycle gasoline engine directly connected 
to a 5-kilowatt 110-volt dynamo. The current from this motor 


_is used to drive a pair of 5 H. P. motors, one of which is 


connected by gear and pinion to each rear driving wheel. 
Between the dynamo and motors are placed 50 storage battery 
cells, having a capacity of 90 ampere hours. When the load 
demands, full current goes from the dynamo to the motors, 
but when from slowing up or any other cause less power is 
needed than is furnished by the engine the current is auto- 
matically taken up by the batteries, and when, in ascending 
grades or starting loads extra power is required, the batteries 
promptly supply the deficiency. 

A test of this motor was made when the ground was cov- 
ered with snow. A mileage of 54 miles was made with a 
consumption of 1214 gallons of gasoline. At 9 cents per 
gallon this makes the fuel cost a fraction over 2 cents per 
mile under the most unfavorable conditions. 


PRACTICAL POINTS REGARDING COMPRESSED AIR. 
Compressed Air, 1902. 

The cooling of air during compression by injecting a spray 
of water into the air cylinder, has been generally abandoned 
for the multiple-cylinder compressor in which the air is com- 
pressed by stages with intercoolers between. Water injection 
is bad because it causes excessive wear on the pistons and 
cylinders, and because of the capacity of air to take up mois- 
ture when at a high temperature. The capacity of air for 
moisture is in direct proportion to its temperature. Dry 
stage compression gives a pressure line more nearly isothermal 
than the injection process. 

The air supply for a compressor should never be drawn 
from the engine room. It should always be taken from the 
coolest source available and that is usually the outer air. Hot 
supply air means thin air, and that means low volumetric effi- 
ciency. The hotter it is the more power will be required to 
compress a certain volume to the required pressure. After 
compression the air should be cooled in a condenser to abstract 
the moisture. Air at all times contains moisture, the average 
moisture being 50 per cent of what is required to produce sat- 
uration. If we can cause this moisture to be deposited in the 
condenser or after-cooler, it saves having it deposited on the 
interior of the supply pipes. Often these pipes are covered with 
frost on the inside, sometimes to such an extent as to choke 
their capacity seriously. Again moisture in the air will con- 
geal in the ports of motors and cause great trouble. These 
troubles may be reduced to a minimum and even entirely over- 
come by a thorough system of after-cooling to abstract the 
moisture. Air cylinders of compressors do not require oil like 
steam cylinders. What is good for the one is bad for the other. 
A steam cylinder needs an oil of low flashing point, and plenty 
of it, because the tendency of the wet steam is to wash the oil 
out of the cylinder. Not so with air, there is no washing ten- 
dency and very little oil will last for a long time. This oil 
should be of the best quality obtainable and of a high flash- 
ing point. It should not be a coking oil; that is, when evap- 
orated upon a piece of hot metal, it should not leave a carbon 
deposit. This is a subject which has been very much neglected, 
and this neglect is responsible for much waste of money and, 
worse than this, for explosions which destroy property and 
threaten lives. The actual amount of oil that should be used 
in an air cylinder is one-quarter that which should be used in 
a steam cylinder of the same size. This is the maximum, for 
very much less will often suffice, especially where the oil is of 
the best quality. Too much oil where there is a coking ten- 
dency results in choking the valves and ports. A discharge 
valve might stick through coking, and when stuck it will admit 
some of the hot compressed air into the cylinder against the re- 
ceding piston, which on the return stroke is compressed and 
carried to a temperature beyond the flashing point. Some- 
times when discharge valves give trouble, they are cleaned 
by injecting kerosene. This is a fatal error. Kerosene should 
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never be used in the air cylinder, but, instead of this, fill the 
oil cup with soap suds, made preferably out of soft soap, and 
feed this into the cylinder; let the compressor work with soap 
suds instead of oil for a day each week and no harm is done, 
care being taken to feed with oil a half hour before stopping, 
so that the parts may not be subject to rust, which is the only 
danger from soap suds. 


LINING THE SHAFT BEARINGS OF MARINE ENGINES. 
Power, June, 1902, p. 27. 


It is a matter of prime necessity that the shaft bearings of 
large marine engines be kept in line, but to make the proper 
adjustments often calls for considerable ingenuity on the 
part of the marine engineer. The method employed for lining 
shafts on the steamships of the American Line, is about as 
follows: 

The two end bearings are chosen, between which the shaft 
is to be lined, and the original height of its center in each 
bearing above its datum plane is accurately determined. This 
height is given by the drawings of the engine, and is usually 
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venient to remove the caps of the bearings so as to determine 
the height of the shaft in the bearing, the heights can be 
measured from adjacent points outside the bearings. A small 
telescope with cross-hairs is sometimes used in place of the 
slit, but the trouble of finding the light and other points at the 
same time makes its use too slow for the additional accuracy 
gained. 

The lateral displacement of the shaft and bearings can be 
determined by stretching a wire between the two points di- 
rectly over the center of the shaft at the end bearings and 
using a plumb-bob to locate this line on the shaft. 


WHY MARINE ENGINE SHAFTS BREAK WITHOUT 
APPARENT CAUSE. 


Jour. of the Am. Soc. Naval Engineers, August, 1902, p. 721. 

Marine engineers have for a number of years had to deal 
with mysterious fractures of shafts taking place during fair 
weather, and which could not be accounted for by any of 
the ordinary causes, such as bad material or propellers strik- 


_ing floating bodies. 
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Fig. 1. 


known and marked on the bearing. Knowing the position the 
center of the shaft should occupy in the end bearings, a cer- 
tain height, n, vertically above this position is assumed, and 
directly behind this point is placed a box containing a candle 
which shines through a very small hole in the box located at 
the same height as that assumed, as shown at B in Fig. 1. 
At the other bearing is placed a wooden framework which 
forms a very narrow horizontal slit at the same height above 
the center of the shaft (or where the center ought to be) as the 
hole in the box at the other bearing, shown at A, Fig. 1. The 
height of the light and slit should be made sufficient so that in 
looking at the light through the slit, the plane of sight will 
clear the crank webs or whatever might intervene. The height 
of the other bearings may now be examined by any convenient 
method. If the shaft is of uniform diameter, and in line 


vertically between the two end bearings, the distance below 
the plane of light, A B, of the top of the shaft at any point 
should be the same as the distance the top of the shaft at 
the end bearings is below the plane. 


A handy way to deter- 
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Fig. 2. Showing how to Find Displacement of Shaft. 


mine these heights is to use a combination of two sticks, as 
shown in Fig. 2, which also shows the framework forming the 
slit. The sticks are pivoted as shown, and the horizontal 
stick is moved by an assistant till it cuts the light as seen 
through the slit. The point where it cuts the light determines 
the fixed height above the top of the shaft, and by measuring 
accurately to the top of the shaft, will show whether the shaft 
at this point is too high or too low; the amount of its dis- 
placement will be h’ — (h—radius of shaft). If h’ equals, say 
4014 inches, h equals 48 inches and the radius of the shaft is 
8 inches, we know the shaft is 44 inch low. The height 
of the shaft, and consequently of the bearings, may be thus 
determined at each bearing and the results may be plotted in 
the form of a curve if desired. After the heights at each bear- 
ing are determined, the box containing the candle and the 
framework forming the slit are reversed, each being placed in 
the position formerly occupied by the other, and the same 
measurements are again made, from which the average vertical 
displacement of the shaft can be calculated. If it is not con- 
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Lining a Shaft by Means of a Ray of Light. 


The peculiar fact that occasionally the lines of fracture of 
the broken shaft resembled those caused by twisting actions 
pointed toward the existence of considerable twisting mo- 
ments, but an explanation as to their origin could not be 
given. It was out of the question that the steam pressures 
formed the direct causes of this, as their maximum values, 
determined by the crank-effort diagram, rarely exceed the 
average value by more than 50 per cent, and would therefore 
create a twisting stress of, at most, 300 to 350 kilogrammes 
per square centimeter, the ‘working stress allowed being 
about 200 to 230 kilogrammes per square centimeter. 

Various authorities had already pointed out that possibly 
the so-called synchronous vibrations took place in the shaft- 
ing, but this supposition had not been verified by direct 
researches. Messrs. Blohm & Voss, of Hamburg, therefore 
determined, in November, 1899, to study the question experi- 
mentally. 

The principle of the synchronous vibrations in the shafting 
is the same as the principle of the vibration of a pendulum. 
The time required for its complete vibration, back and forth, 
depends upon the force and frequency of the impulse im- 
parted to it. To be effective, however, these impulses must 
be in step with the pendulum, occurring regularly at the 
same point in its vibration. If the impulses are of sufficient 
force the pendulum will rise higher and higher, while if 
weak they will extend through a shorter arc. 

In the case of the engine shaft there are torsional vibra- 
tions set up by the impulses of the steam engine corre- 
sponding in effect to the oscillations of a pendulum in a 
plane. The propeller on the end of the shaft affects the 
torsional vibration of the shaft in the same way that the 
weight of a pendulum affects the vibrations of the latter. 
Once set into vibration, the propeller would oscillate back 
and forth slightly at regular intervals, the frequency of 
which depends mainly upon the length and diameter of the 
shaft. The frequency of the impulses given by the engine, 
however, depends upon the design of the engine, those with 
several cranks giving different results from those with only 
one. An engine crank and connecting rod necessarily pro- 
duce a varying turning effect on the shaft. With the differ- 
ent combinations possible in marine engine construction 
instances are not infrequent where the impulses given by the 
engine are in step with the natural vibrations of the shaft 
and may be of sufficient force to increase the extent of the 
vibrations to the danger point, just as the impulses upon 
the pendulum increase the height of its vibration. 

To illustrate this point the author cites the case of a shaft 
in which, according to calculation, the individual number of 
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vibrations per minute were 257.4. On a trial trip with the 
vessel it was possible to run at such a speed that the im- 
pulses were synchronous with these vibrations and by means 
of the recording instruments used it was demonstrated that 
the shaft became strained by a moment almost equal to 
three times the average turning moment, and that between 
these times it sprung back past the neutral line into the 
negative region of strain. At certain points the kinetic 
energy of the propeller actually drew the engine along and 
the shaft was strained intermittently to an extent which 
considerably exceeded the safe limit. 

The experiments made on this subject were very elaborate 
and the treatment of it is highly mathematical. Directions 
are given for working through the problem in designing a 
marine equipment, and when it is found that a synchronous 
action is likely to occur the diameter of the shaft should be 
changed to make the vibrations of the shaft out of step 
with the periodic variations in the turning moment of the 
engine. 


HORSE POWER OF MARINE ENGINES MEASURED BY 
SHAFT TORSION. 


Journal of the American Society of Naval Engineers, August, 
1902, p. 721. 


In the tests upon the torsional vibrations of shafting, men- 
tioned in the foregoing extract, it became necessary to meas- 
ure the transmitted forces between engine and propeller. This 
was accomplished by accurately determining the amounts 
of twist of the shaft, and it is believed to be the first instance 
where the net or brake horse power of engines of several 
thousand horse power has been found. As stated below the 
horse power was probably estimated by this method within 
very close limits. 

In order to calculate the transmitted forces accurately by 
means of the measured amounts of twist one must know the 
modulus of elasticity for shearing of the shafting. 

As no guitable data were available from the technical 
literature, Messrs. Blohm & Voss determined not to start 
on possibly erroneous assumptions but had_ the modulus 
found by special experiment. 

For this purpose three experimental shafts of 2,500 milli- 
meters length by 60 millimeters diameter were ordered in 
the spring of 1900, from each of the following firms: Friedr. 
Krupp, Essen; Bochumer Verein, Bochum; Gewerkschaft 
Witkowitz, Witkowitz in Mahren, stipulating that they were 
to be made from the same material and treated in the same 
way as marine shafting proper. 

These experimental shafts were subjected to exhaustive tor- 
sion tests, which showed that the modulus of the material 
experimented upon—Siemens-Martin steel of 40 to 47 kilo- 
grammes breaking strength per square millimeter (57,000 to 
67,000 pounds per square inch) and over 20 per cent elonga- 
tion—varies by remarkably small amounts, and very nearly 
agrees with the average value, 828,000 kilogrammes per 
square centimeter (11,776,600 pounds per square inch). 

This figure was then made use of to determine the effective 
power transmitted, and thus the ratio which it bore to the 
indicated horse power—i. e., the mechanical efficiency of 
those engines—could be found. 

As far as I know, the so-called brake horse power of 
engines developing several thousand horse power has never 
been measured accurately before this. The method which, 
practically speaking, makes use of the shafting as a tor- 
sional spring can, of course, only be applied to marine engines 
having these long shafts, or to installations with long-shaft 
transmissions. 

The efficiency in the cases examined varied between 92 and 
88 per cent. Lower values, down to 82 per cent, were only 
found in special cases. The accuracy which may be attained 
in these experiments is estimated at 0.5 to 1.0 per cent. 
This also is about the degree of accuracy which one may, at 
most, expect when calculating the indicated horse power from 
indicator cards. 


THE STEAMSHIP KROONLAND. 
Marine Engineering, September, 1902, p. 429. 
The largest steamship built in America to date is the 
Kroonland, for the Red Star Line of the International Navi- 
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gation Co. The new vessel was launched last February, and 
only four months elapsed from the launching until the first 
voyage. Such remarkably rapid work has been made possi- 
ble by the general improvements that have been made in 
shipyard tools and appliances within the past few years. 
Practically all the rivets in the hull and superstructure of this 
vessel were driven by power. While machine riveting has 
been generally employed in all shipyards for some years, Tt 
has always been necessary to drive a large proportion of 
the rivets by hand on account of the practical impossibility 
of adapting hydraulic riveting machinery to the many jntri- 
cate parts of a ship where riveting must be done. The use 
of pneumatic riveters, however, has worked a great improve- 
ment in machine riveting, so that it is now possible to do 
practically all the riveting of a ship with these tools. 

The Kroonland is 560 feet long between perpendiculars, 60 
feet wide and 42 feet deep. When loaded to her full draft 
of 31 feet she has a displacement of 22,100 tons. Being a 
twin-screw ship, there are two sets of engines which are 
triple expansion and have an aggregate of 10,200 I. H. P. 
The cylinder diameters are 3214, 54 and 89% inches with 
a common stroke of 54 inches. The total condensing sur- 
face is 14,000 square feet, or nearly 1.4 square feet per 
one I. H. P. Steam is supplied ky nine single-ended Scotch 
boilers, each having a diameter of 15 feet 10 inches and a 
length of 10 feet 5144 inches. Each boiler has four Fox fur- 
naces, and the total grate surface for the nine boilers is 
643.5 square feet. The total heating surface is 22,400 square 
feet, making the ratio of I. H. P. to heating surface 1 to 2.2. 
The boiler pressure is 170 pounds. 

The engines are fitted with piston valves, and the valve gear 
is of the double eccentric link type generally used on marine 
engines. The crankshafts are 16% inches in diameter and are 
made interchangeable, so that a spare crankshaft may be 
used for either engine in case of accident. The lineshafts 
connecting the crankshafts and tailshafts are 15%4 inches in 
diameter. They are fitted with Verity flexible couplings, two 
in each, to compensate for any irregularity of alignment. 
The tailshafts are 1814 inches in diameter, and are protected 
by brass liners 1 inch thick. A feature of the engine construc- 
tion is that the piston rods of the intermediate and low- 
pressure cylinders are flanged and secured to the pistons by 
six bolts instead of the usual taper fit and large nut. 


HOW A LARGE PULLEY WAS TURNED TO A SMALLER 
DIAMETER. 


Practical Engineer, August, 1902, p. 12. 


A few years ago the American Cement Co. erected a plant at 
Jarden, Pa., in which power was transmitted from a 24 x 48- 
inch Corliss engine to two line shafts by means of two double 
26-inch belts. One line shaft was in front of the engine and 
the other back of it and the belts leading up to the pulleys 
were both carried on the same flywheel. The pulley on one 
line shaft was 3714 inches face and 15 feet in diameter and 
the other was of the same width of face, but 15 feet 34 inch 
diameter. The slight difference in diameter made no particu- 
lar difference under the circumstances. 

After being installed for about twelve years, the plant was 
dismantled and the machinery removed to a factory at Hgypt,. 
Pa., including the old engine and line shaft pulleys. In the 
new factory it was proposed to belt the engine to one line- 
shaft and mount the two pulleys side by side, but this was 
about to be abandoned when the difference in diameter was 
discovered. A practical mechanic, however, suggested that 
the larger pulley could be turned down at the factory without 
great expense, which was done. 

Both pulleys were mounted on a shaft and securely fas- 
tened to it. The shaft was provided with suitable bearings so 
the pulleys were free to turn. In front of them a cylinder bor: 
ing bar was rigged on 10 x 10-inch timbers arranged in crib 
form. The bar was held in two hard wood boxes and was set 
square with the pulley faces. An eccentric was rigged on the: 
shaft to give the necessary feed motion. The pulleys were: 
driven by a belt incircling one and leading to a jack shaft 
fastened to the floor about twenty feet in front of the boring 
bar. A five horse power engine drove the jack shaft through 
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triple reducing gears, and the 36-inch pulley on the jackshaft 
transmitted motion to the pulleys at about 42 feet per minute. 

The larger pulley was turned off first and then a cut was 
taken over the faces of both, a distance of 6 feet 3 inches. 
Then surface was crowned, leaving a space 18 inches in the 
center flat. The cost of the job was only a little in excess 
of the freight and cartage on a new one. 


ROLLING MILL ENGINE OF 6000 H. P. 
Engineering News, August 28, 1902, p. 138. 


The Filer & Stowell Co., Milwaukee, Wis., have recently 
built for the Republic Iron & Steel Co., Youngstown, O., a 
rolling mill engine of the Corliss cross-compound type which 
is rated at 6,000 H. P. when running at 65 turns per minute 
with a steam pressure of 140 pounds. The high-pressure cylin- 
der is 44 x 60 inches and the low-pressure 82 x 60 inches. The 
frame with main bearing and guides, is formed in one great 
casting 26 feet 2 inches long and weighing about 45 tons. No 
legs or pedestals are used, the entire frame forming a flat 
bed-plate with a continuous bearing on the masonry founda- 
tion. The piston rods are of forged steel 9 and 11 inches in 
diameter. The piston rods are threaded to screw into the 
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Fig. 3. Plan and Elevation of 6000 H. P. Engine. 


crossheads and the usual jam nuts are provided for locking. 
In addition the crossheads are split where they embrace the 
rods and clamping bolts are provided to tightly clamp the 
threaded parts of the rods. The crossheads are of cast steel 
with independent steel shoes top and bottom, the shoes being 
turned to radius of 38 inches to fit the boréd guides. The 
shoes are faced with 7-16 inch babbitt metal. Jn order to pre- 
vent the great weight of the pistons wearing and scoring the 
cylinders, the piston rods are extended so as to form tail rods 
which are provided with outer bearings to carry the weight. 
The pistons and piston rods are thus supported on the cross- 
heads and tail rod slippers. The high-pressure piston is of 
cast steel with double walls; the low-pressure piston is also 
of cast steel, but of single thickness. The connecting rods are 
14 feet center to center. The crosshead pin of the low-pres- 
sure cylinder is 12 inches in diameter, and the crank 23 
inches. The high pressure crank is 14 inches diameter. The 
crankshaft is made of double refined hammered iron, and is 
20 feet 6 inches long, 23 inches diameter at the low-pressure 
crank, 26 inches diameter at the wheel fit and has two bear- 
ings 25 x 4314 inches. There are two keyways in each crank 
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and two in the wheel hub. The flywheel is 24 feet in dia- 
meter, 19 inches wide on the face and weighs 150,000 pounds. 
It is of the “built-up” form and consists of ten segments each 
carrying a spoke. The segments of the rim are held together 
by steel links of the “dumb-bell” pattern shrunk into recesses 
in the sides. The valves are of the Corliss pattern and are 
operated by two eccentrics on each cylinder. The eccentrics 
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Fig. 4. Section of Cylinder, Piston and Crosshead. 


are 44 inches diameter and 7 inches face. The throw is 10% 
inches for the steam and 11% inches for the exhaust on the 
high-pressure side and 134% inches and 13% inches on the low- 
pressure side. The engine is for rolling structural shapes. 


IMPROVED BOILER JOINT. 
Railway and Locomotive Hngineering, August, 1902, p. 336. 


Mr. Samuel M. Vauclain, superintendent of the Baldwin 
Locomotive Works, Philadelphia, has recently designed and 
patented a horizontal boiler seam, which is claimed to have 
96 per cent. of the strength of the solid plate. This is a 
very substantial increase in strength, when it is remembered 
that the ordinary sextuple-riveted, double-welt, butt joint has 
about 85 per cent. of the strength of an unperforated boiler 
plate. Mr. Vauclain’s seam is a butt joint, with double welt, 
the under one being diamond-shaped. In the seam shown in 
our illustration there is one rivet, at the corner of the under 
welt, 22% inches from the butt-joint. The tensile strength 
of the plate at this point is that of the entire sheet, minus 
one rivet-hole 1%4 inches in diameter. At a distance of 414 
inches nearer the seam, the plate has its full tensile strength, 
minus two such holes, widely spaced, plus the shearing 
strength of the rivet at the apex of the triangle made by half 
the diamond welt. On the third row, it will be seen, the 
strength of the plate has been reduced by three widely-spaced 
holes, but it is assisted by three good rivets in single shear. 
On the fourth row, the plate, weakened by four holes, is re- 
inforced by the shearing strength of six rivets. On the next 
line, just outside the upper welt, there are nine holes, but 
beyond them are ten rivets in shear. When we come to the 
double welt itself, there are 17 holes in it, with 19 rivets in 
the half diamond of the lower welt. All the rivets in the 
row along this welt are in double shear. This means that 
they pass through three plates, thus giving two planes where 
shearing forces act. Rivets in double shear are very nearly, 
though not quite, equal to twice the value of rivets in single 
shear, or those which pass through only two plates. 
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Fig. 5. Boiler Joint having 96 per cent. Efficiency. 


Adding together all the advantages and subtracting the dis- 
advantages, if one may say so, or more correctly, taking the 
algebraic sum of all the additions to strength, and all the 
reductions of strength in this arrangement of plates and 
rivets, it has been found by test that this seam is about 96 
per cent. as strong as the original plate itself. The diamond- 
shaped welt here used, secures this advantage, that on each 
line of rivets, the holes are comparatively few and far be- 
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tween, and as the seam itself is approached, the total number 
of rivets outside each succeeding line, almost makes up for 
the loss due to the holes punched. 


A NEW PROCESS OF MAKING CUTLERY. 
Electrical Age, September, 1902, p. 388. 

The methods followed to-day in the manufacture of cut- 
lery do not differ essentially from those followed a hundred 
years ago, and so far as we know, they may have originated 
with Tubal Cain, who is alleged to have been the first worker 
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Fig. 6. Diagram of Forging Machine for Misko System of Forging. 


in iron. The making of a knife blade, for instance, requires 
that it first be forged to the approximate shape required; it 
is then ground, hardened and tempered, reground and pol- 
ished. In the manufacture of knife blades in large quantities 
these operations may be subdivided so that each blade may 
pass through a score or more of hands before it is ready for 


the market—and the chances are about even that it will be ; 


an indifferent tool when completed owing to uncertainty of 
hardening and tempering. 
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Fig. '7. The Successive Steps in the Misko Process. 
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Should, however, the process invented by Joseph Misko, 
Pittsburg, Pa., prove as successful as it is represented to be, 
it will very likely revolutionize the art. As might be ex- 
pected, the modern wonder-worker—electricity—plays the 
principal réle in the new process. The steel for blades is 
heated both for hardening and tempering by a powerful elec- 
tric current while in a vacuum and the forging is also done 
under the same conditions, the air being excluded to prevent 
oxidization. Since the blade is not exposed to the air it may 
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be ground before being forged to remove the scale and then 
shaped to the exact shape required and to a sharp edge with- 
out fear of injury. 

So in the Misko system the usual process of manufacture 
is reversed. The grinding and polishing are done before the 
forging is begun. A rod of steel, say, ten feet long or of 
any other convenient length, is taken for the initial process. 
The rod is ground on all sides and polished. In this state 
it contains just enough material for the forming of the blades 
into which it is to be converted. It is now ready for the 
forging. 

The forging machine is a tunnel of steel a little longer 
than the steel rod. Lying along the middle of this tunnel 
and with their ends separated enough to receive the prepared 
rod and yet not touch it, is a double row of dies B B’ reaching 
almost to the full length of the rod. 

Each pair of these dies is ready to form a blade, each die 
forming one side of it. The upper part of the tunnel A is 
an arch of steel which trusses the dies together and serves 
also as a guide to them in their forging operation. At each 
end of the dies are hydraulic presses C C’ and there are more 
of these below the dies on either side, as at D D’. 

The operator thrusts the rod of cold polished steel into 
the tunnel and between the die heads. He closes the door 
and touches a button. Powerful pumps quickly. exhaust the 
air out of the machine. As the door closes and seals itself, 
electrical connections are made on either end of the polished 
steel rod. As the air disappears from the inside of the 
chamber the electric current is turned on. In a few seconds 
the rod is at a cherry-red forging heat. Another touch by 
the operator and the dies close together, forming with their 
ends the backs of the blades into which the rod is to be 
transformed. Another touch and the far ends of the dies 
begin to travel up the arched sides of the tunnel. As they 
move the inner ends close more and more with a revolving 
motion, squeezing down the steel between them until at the 
last it is forced into a sharp edge. 

The operator returns the dies to their places, cuts off the 
current and opens the machine. The steel rod has been 
transformed into a series of shining polished blades. There 
are nicks between the blades, marking where they are to be 
broken apart later. As there was no air in the forging cham- 
ber the blades have lost none of the brightness of the polished 
rod of steel. 

The next operation is the hardening. Again the rod of 
blades is placed in a tunnel and the air is exhausted. This 
time instead of dies there are, on either side of the rod, heads 
of metal indented to fit the blades and inside each head runs 
a stream of refrigerating brine, cooled to below the zero of 
the thermometer. The current is again applied to heat the 
rod of blades and when they are glowing the refrigerated 
heads close together, chilling the thin steel, but doing it so 
evenly, that it is claimed there is no tendency to produce 
warping or cracking. 

Still the blades are bright and polished when they come 
from the hardening machine. To put the finishing touch to 
the blades, Mr. Misko has devised a refrigerated grinding 
and polishing wheel on which the cutlery would be kept from 
losing its temper though it were ground dry as is the custom. 
These wheels are of hollow iron with the abrasive substances 
cemented to their outer edges and the whole kept cool by a 
stream of freezing brine run through the inside of the wheel. 
A factory to make use of this process will soon be erected at 
Newcastle, Pa. 


AN EXAMPLE OF THE EXTENSIVE USE OF STEEL CAST- 
INGS IN LOCOMOTIVE CONSTRUCTION. 


Railway Age, August 29, 1902, p. 202. 


A noticeable feature of modern locomotives is the graceful 
outlines of the component parts. Sharp angles have given way 
to curves and fillets with a resulting improvement in the 
strength and durability of the parts as well as appearance. 
The evolution in this direction has been gradual and improved 
shop machinery has been responsible to some extent for the 
change. The introduction of heavy milling machines has 
made it possible to finish parts of curved contour as economic- 
ally as straight surfaces can be finished on the planer. More- 
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SIDE FURNACE BEARER 


Fig. 8. Example of Steel Castings used in Modern Locomotive Construction and Illustrating the Wonderful Advances that have been made in the Produc- 
tion and Use of Steel Castings. 


over, the development in the manufacture of steel castings 
has made it possible to substitute this metal for parts that 
heretofore have been made of wrought iron and cast iron and 
employ designs that embody greater strength with less weight. 
This change of design is more apparent in cast steel parts that 


have been substituted for wrought iron. An illustration of the 
substitution that may be carried out is found in the construc- 
tion of some new locomotives recently built by the Brooks 
Works of the American Locomotive Company for the National 
Railroad of Mexico. 
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The illustrations show locomotive parts that have been made 
of cast steel only in recent years. Special mention may be 
made of the use of cast steel for reverse shaft lifters, the hori- 
zontal arm only is shown, but the vertical arm is also of the 
same material. The guide yoke evidently costs much less for 
machine work than when made of wrought iron and is of 
stronger and better design for the same weight of material. 
The guide blocks are cast integral with the yoke which is an 
example of the machining and fitting saved by the use of steel 
castings. The links are also steel castings. They are sup- 
ported by double hangers and the saddles are both fastened to 
the inner are. Case-hardened steel bushings are provided for 
the eccentric pins and the inner faces of the links are case- 
hardened in the usual manner. Oil cups are cast integral with 
the links and are made solid. The cavity for oil is made by 
drilling a %-inch hole transversely to a suitable depth. This 
opening is tapped and closed with a 14-inch pipe plug. A %4- 
inch hole is drilled from the top through the oil receptacle 
and into the eccentric pin hole to supply oil to the bearings. 
The oil cups are filled with curled hair to absorb the oil and 
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act as a filter to prevent the entrance of dust and cinders to 
the bearings of the pins. The details of the other cast steel 
parts may be observed by inspection of the cuts. 


NOTES ON TUBULAR BOILERS. 
American Electrician, September, 1902, p. 438. 


The Centennial standard boiler horse power is the evapora- 
tion of 80 pounds of water from a temperature of 100 degrees 
into steam at 70 pounds pressure, or the evaporation of 34% 
pounds of water from and at a temperature of 212 degrees 
F. These are practically equal, since the first requires the 
absorption of about 33,308 British thermal units (B. T. U.) 
and the second, about 33,316 B. T. U. In plain tubular boilers 
it has been found that on an average one foot of heating 
surface will evaporate 2.3 pounds of water into steam when 
at an initial temperature of 212 degrees. This corresponds 
to 15 square feet of heating surface per boiler horse power, 
which is a conservative figure, since many authorities make 
it as low as 11% square feet per boiler horse power. The 
amount of coal burned per square foot of grate surface 


DIMENSIONS FOR TUBULAR BOILERS. 
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varies with the chimney draft, the kind of coal and the care 
given to firing, but it will be rarely less than 15 pounds per 
square foot grate area per hour. The rate of evaporation 
may vary from 8 to 1014 pounds of water per pound of coal. 
Professor Carpenter gives the average for power boilers as 9 
pounds when the tubes are clean and the boiler in good gen- 
eral condition. In smaller boilers the rate of evaporation is 
less, the figures given ranging from 5.7 for a 5-horse power 
boiler to 8 pounds for a 30-horse power boiler. The grate 
surface required per horse power is determined by the for- 
mula: 


Bel se Se 180, Jes 
in which 


Grate surface = 


A xB 


H. P. is the horse power required; A, the rate of evaporation; 
and B, the rate of combustion. Assuming the rate of evap- 
oration to be 9 pounds per pound of coal and the rate of 
combustion to be 15 pounds per square foot of grate area, it 
will be found that for a 100 horse power boiler a grate sur- 
face of 25.5 square feet will be required. The cross section 
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closely with that recommended by the leading insurance 
companies, but may be increased somewhat in special cases, 
if necessary, to secure a required heating surface within a 
given space. In such a case it is better, if possible, to select 
a larger shell and use the number of tubes specified in the 
table for that diameter. Two sizes of grate and smoke pipe 
are given for each boiler, one being computed for an evapora- 
tion of 9 pounds of water per pound of coal, and the other for 
an evaporation of 8 pounds, which figures correspond to aver- 
age practice in power and heating service, respectively. The 
width of the grate is usually made 6 inches less than the 
diameter of the shell, while the length may be varied within 
certain limits to give the required grate surface. The length 
of the grate, however, should not exceed 6 feet in hand-fired 
furnaces. Grates 4 feet long and over should be made in 
two sections, so as to use short grate bars, which are less 
likely to warp than longer ones. 

In the second table, below, are given the working pressures 
of boilers having different diameters and thicknesses of shell 
and different types of joints. 


GIVING THEORETICAL WORKING PRESSURES FOR BOILERS OF DIFFERENT DIAMETER, THICKNESS OF SHELL, 
FACTOR OF SAFETY AND TYPE OF JOINT. 


Assumed strength of plates, 55,000 pounds. 


The assumed efficiency of joints, single lap 54 per cent., double lap 70 per cent., double butt 80 per cent., triple butt 88 per cent. 


FACTOR OF SAFETY 6. FACTOR OF SAFETY 5. FACTOR OF SAFETY 4. 
Eee hae eee Kinp oF JOINT. KIND oF JOINT. Kinp oF Joint. 
Boiler. Shell. 

Single Douvle Double Triple Single Double Double Triple Single Double Double Triple 

Lap. Lap. Butt. Butt. Lap. Lap. Butt. Buit. Lap. Lap. Butt, Butt. 

30" 4 82 107 123 137 98 128 147 163 123 160 184 204 
ts 1038 134 155 172 124 161 186 205 155 201 232 257 

2 124 161 186 205 148 192 221 245 185 240 277 307 

ts 145 188 217 240 173 225 259 286 216 281 824 358 

4 165 215 248 275 198 257 296 828 247 321 370 410 

36" 4 69 90 103 115 82 107 123 187 103 134 154 171 
5 86 112 129 148 103 134 154 171 129 168 198 214 

3 103 134 155 ily 123 160 185 204 154 200 231 255 

ts 120 inairl 181 201 144 187 216 239 180 234 270 299 

4 -138 180 207 229 165 214 247 274 206 268 | 309 342 

42" 4 59 76 88 98 70 91 105 ial 88 114 132 146 
ts 73 96 110 122 88 115 132 145 110 148 165 182 

B 88 115 133 147 105 137 158 175 182 LL 198 219 

1 103 134 155 170 1238 160 185 204. 154 200 231 255 

4 118 154 178 197 142 184 212 235 Weg 230 265 294 

48” 4 52 67 Vad 86 62 80 92 102 Ui 100 115 128 
+s 64 84 96 106 Tei 100 115 127 96 125 144 159 

g 78 100 116 129 93 120 139 154 116 150 174 193 

is 90 118 185 150 108 140 162 179 135 176 208 224 

4 104 135 155 172 124 162 185 205 155 202 232 257 

54" 4 46 59 68 76 54 70 82 90 68 88 102 113 
ts 58 75 86 96 69 90 103 114 86 112 129 143 

g 69 90 103 115 82 107 1238 187 103 134 154 171 

+5 80 105 120 134 96 125 144 159 120 156 180 199 

4 92 119 137 152 109 142 163 182 137 178 205 Rot 

60" 4 41 53 62 68 49 64 73 82 62 80 92 102 
+5 51 67 V7 86 62 81 93 102 77 100 116 128 

5 62 81 93 102 74 96 110 122 93 120 138 153 

| 4 72 94 109 120 87 112 129 1438 108 140 162 8) 

4 82 108 124 137 99 128 148 164 124 160 185 205 

66" 4 38 49 56 62 45 58 67 74, 56 73 84 93 
ts 47 61 70 78 56 73 84 93 70 91 105 116 

8 56 73 84 92 67 87 100 113 84 109 126 139 

ts 66 85 98 109 78 102 118 130 98 127 147 163 

4 75 98 113 125 90 117 134 149 112 146 168 186 

72" 4 85 45 51 57 AL 54 61 68 52 67 77 85 
ts 43 56 65 val 51 67 TR 85 65 84 96 107 

8 51 67 al 85 61 80 92 102 77 100 116 127 

1 60 78 91 101 72 94 108 119 90 ILI) 135 145 

4 69 90 104 114 82 107 123 137 1038 134 155 ga 


area of the uptake should be about 1-7 the grate area, and 
of the smoke pipe, from 1-7 to 1-10. The general rule for the 
sizes of tubes in horizontal stationary tubular boilers, is 
to allow one inch of diameter for four feet of length where 
soft coal is used, and one inch of diameter for five feet of 
length where hard coal is the fuel. 

Table 1 gives the horse power and other data for different 
sizes of boiler. The number of tubes specified corresponds 


BURNING BRASS TIPS ON CAST IRON PROPELLERS. 
The Foundry, September, 1902, p. 22. 

A method of repairing cast iron propeller wheels is in vogue 
at Mort’s Dock & Engineering Co.’s foundry, Sydney, N. S. W., 
which is said to be practically unknown in Europe and 
America. It is the fusion of gun-metal tips to east iron pro- 
peller blades by the “burning-on” process. On account of 
cost, cast iron propellers are used to a large extent although 
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they are, of course, much inferior to bronze in point of dura- 
bility. The “tips,” the portion 12 to 18 inches from the ends 
of the blades, are likely to be broken by striking floating de- 
bris, hidden rocks, wharf projections, “racing,” etc., but the 
greatest source of damage in the case of steel and iron ves- 
sels, is corrosion due to galvanic action. 

When a propeller blade is broken, the usual method of re- 
pair is to replace it with a new one, but it sometimes happens 
that a ship cannot be detained in port long enough to allow a 
new blade to be made and in that case a new tip is “burned 
on,” which can be done in a few hours. The blade to be re- 
paired is taken to a drilling machine and drilled across with 
holes about one-half inch apart, so that the bad part may be 
easily broken off. It is then taken into the iron foundry, 
bedded in the floor, and a cope rammed up over the portion 
that is to be renewed. The mold is then parted, finished, 
dried, closed and cast with gun metal in place of the cast iron 
tip which has been broken off. The gun metal having been 
cast against the cast iron blade, it has now to be “burned” 
to it. 

The cope is thrown off ‘while the casting is hot, and an 
“open” burn laid right across where the brass and iron join. 
It is then burned with iron, care being taken that the metal 
from the ladle falls directly onto the iron part of the blade 
so as to cut into it without washing away too much of the 
brass. If attention is given to the center, or thickest part of 
the blade in the process of burning, one can always make sure 
of a satisfactory joint. The proper way is to use a feeding 
rod as a guide, working it along the joint gradually as the 
iron dissolves. After the burn is thoroughly cooled, it is 
trimmed off and the blade sent to the ship. Although a blade 
treated in this way presents a somewhat piebald appearance— 
owing to the light and shade of brass and iron—there is 
nothing weak about it. All sorts of mechanical tests have 
been made in order to separate the brass and iron, without 
success. The bronze tip is not, of course, affected by corrosion, 
so the repaired blade is practically better than the original. 


HEADLIGHT WITH HORIZONTAL AND VERTICAL BEAMS. 
Scientific American, September 13, 1902, p. 170. 


A new type of headlight which has recently been put in ser- 
vice by the Chicago, Milwaukee and St. Paul Railway, prom- 
ises to have a very extended application among the railroads 
of this country. It is an electric headlight which, in addition 
to sending a powerful ray along the tracks in front of the en- 
gine, also projects a powerful vertical beam. The vertical 
beam makes a very decided illumination in the heavens, so 
much so that it is possible not only to detect the presence of 
an engine, but also in many cases to follow its path and de- 
termine in which way it is heading. An engineer is by this 
means placed in touch with the movements of other trains in 
his vicinity, and is enabled to detect their presence where, 
if they carried ordinary horizontal beam headlights, he would 
be unaware of their location. 

With the vertical beam, of course, an approaching locomo- 
tive can be located ‘when it is hidden from direct view by a 
curve or an intervening hill. 

The headlight equipment, which is built by the Edwards 
Railroad Electric Light Company, consists of four parts: 
first, the motor, a simple-acting steam turbine; secondly, the 
dynamo, mounted on the same axle with the turbine and de- 
signed to yield to the are light a current of from 30 to 33 am- 
peres and from 30 to 33 volts; thirdly, the lamp, including the 
arc, the deflectors and the case; and fourthly, the bed-plate on 
which the whole apparatus is mounted. 

The steam turbine is provided with a propeller wheel whieh 
is wholly constructed of rolled steel. It has a factor of safety 
of about 7, for while the normal speed of the engine and dy- 
namo is about 2,000 R. P. M., the wheel will withstand suc- 
cessfully a speed of about 14,000 R. P. M. The speed of the 
engine is held constant, or practically so, regardless of change 
of load or initial pressure, by a simple and efficient governor, 
which is so arranged with relation to the other parts of the 
engine as to be easily and readily accessible, should occasion 
demand. The wheel shaft is journaled in ball bearings, giving 
a low coefficient of friction. 
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The novel feature of the equipment is the provision of an 
auxiliary plane deflector, placed outside the goggle at an angle 
of 45 degrees and in such a position as to intercept about 40 
per cent. of the whole volume of light issuing from the para- 
bolic reflector and direct it vertically. This vertical beam 
forms a constant warning signal. Reaching to a great height, 
and on cloudy nights striking the clouds, it can be seen for 
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Fig. 9. Showing Arrangement of Headlight. 


many miles. In fact, upon the Big Four road it has been. 
seen for a distance of 21 miles, and on the Chicago, Milwau- 
kee and St. Paul road it has been seen for a distance exceed- 
ing 16 miles. The horizontal beam is very powerful, show- 
ing up clearly three-quarters of a mile to a mile, on a clear, 
straight track, ahead of the locomotive bearing it. 


DOUBLE PLANER TOOL FOR MACHINING DRIVING 
BOXES. 


Railway and Engineering Review, August 9, 1902, p. 505. 


A device to be used in connection with a circular planer 
tool for facilitating the work of machining driving box 
crown-brass and cellar fits has been designed at the Marshall, 
Texas, shops of the Texas & Pacific Railway. For a num- 
ber of years it has been the practice at the above-mentioned 
shop to slot brass and cellar fits, but some time ago a Ped- 
rick & Ayer circular planer was installed and that class of 
work accomplished thereon. The arrangement resulted very 
satisfactorily as regards the quality of the work and reduc- 
tion of time previously necessary in doing it, but trouble was 
experienced because of a lack of rigidity of the circular plan- 
ing tool, making it impossible to remove all the stock at one 
cut on some of the larger boxes. Another disadvantage was. 
experienced in that in machining the cellar fits only one cut- 
ting tool on the planer could be used at a time. To obviate 
these difficulties the device shown in Fig. 10 was designed, 
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Fig. 10. Double Planer Tool for Driving Boxes 


having two tool heads similar to a planer head working in @ 
horizontal plane, the tools being held in a cutting position 
by a coil spring, this arrangement permitting them to clear 
on the return stroke. The tools are adjusted to any size of 
box by moving in or out, as occasion demands, and the mech- 
anism has afforded a simple and inexpensive home-made tool 
for the work. By utilizing this in connection with the Ped- 
rick & Ayer planer about one-third more work has been 
turned out than was possible during the same time by the 
older method. 
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DRILLING JIG PLATES. 


AN ORIGINAL METHOD FOR ACCURATELY SPACING 
DRILLED HOLES. 


J. R. Gorpdon. 


The method of drilling the holes in plates of jigs here 
described is to the best of my knowledge entirely new, and 
as I am associated with several toolmakers, of wide experi- 
ence and acquaintance, who are of the opinion that the method 
is well worth introduction into general use, I offer it to the 
consideration of the readers of MACHINERY. 

Having a large number of jigs to make and desiring to 
have the positions of the drill bushings accurate to within 
.001 of an inch, I removed the work table from an ordinary 
sensitive drill press of the usual pattern, and substituted 
therefor one of larger dimensions, to accommodate the size of 
the jig plates. 

This table was first planed on the face and edges, and the 
stem, by which it is held in the bracket on the column of 
the press, was turned to fit snugly the hole in the bracket. 

After planing and turning the table a series of holes was 
drilled, as shown in Fig. 2, and they were tapped to receive a 
No. 14-20 screw. Two parallel pieces C and D, Fig. 2, having 
straight edges and a thickness of % of an inch, were made 
and are to be clamped to the table in such position as may 
be desired or the work determine, the series of holes permit- 
ting any adjustment within the range of the table. 

In order to make more room between the spindle and the 
column of the drill press the spindle head was blocked out, 
the block having a projecting lug as shown at A, Fig. 1, to 
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Fig. 1. Drill Press Arranged for Drilling Jig Plates. 


which a bracket, F, was fastened to carry the bushing, B. 
This bushing is fastened by a screw and can readily be re- 
moved to insert others having various sizes of holes, if found 
desirable. 

These preparations were all that were necessary with the 
exception of the gages that will be described in the operation 
of the method for spacing, which is as follows: 

The plate to be drilled had a number of holes spaced as 
shown in Fig. 2, and before drilling them I marked them out 
as Nos. 1, 2, 3, etc., No. 1, as will be seen, being the upper 
right-hand hole. Its location with reference to either end or 
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sides of the plate did not require to be very exact; but other 
plates may need to have the holes placed at some definite 
distance from the edges or ends so I will describe this one 
as having the distance 6 inches from the edge, G, and 8 
inches from the end, H. 

With these distances given I then make two gages, using 
vernier or micrometer calipers for my standard, and make 
them 64% and 81% inches long respectively. I then remove 
the bushing, B, Fig. 1, and in its place insert a plug having a 
diameter of %4 inch. 
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Fig. 2. Plate in Position for Drilling first Hole. 


Resting the 614 gage on the table, and with one end touch- 
ing the plug, the parallel piece, C, Fig. 2, is brought to just 
touch the other end of the gage and is then clasped to the 
table. This is not much of a trick if one end of the parallel 
is left free and the other end is clamped tight enough to 
permit the free end to move somewhat stiffly. After locating 
and clamping the parallel, 0, the other parallel is clamped 
in position, but it must be placed square with the first paral- 
lel. This is more of a trick than the first one, but is not at 
all difficult if one man can be employed to clamp the piece 
while another holds the square and gage. 

The reason for making the gages 614 and 8% inches long 
instead of 5% and 7% inches respectively is that it is not 
desirable to have the edges of the plate touch against the 
parallels, as chips could get between the two and destroy the 
accuracy of the measurements; so I allow the gage to be %4 
inch longer than the distance required and fill the space in 
with 4% inch diameter gages as shown in Hig. 2. 

For gages over 1 inch in length I use flat brass rods or 
strips about 84-inch wide and %-inch thick and cut them a 
little longer than the finished length. One end is finished 
square and the other end is rounded as shown in Fig. 5. In 
making the gage, if too much metal is removed it is an easy 
matter to pene the stock out to make up any reasonable error. 
The length of the gage is stamped on it, and when the opera- 
tion is completed it is put away for future use. 
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Fig. 5. Gage. 


Having located the parallels, the plug is removed from the 
bracket and the bushing replaced. The drill should, of course, 
fit as snugly to the hole in the bushing as it can and run 
without cutting. The bushing should support the drill to 
within a distance equal to the diameter of the drill from the 
plate to be drilled and care should be taken not to drill 
through the plate until all the holes have been started. 

After drilling the first hole to place the plate for the second 
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hole, distant 2 inches from the first, it is moved along the 
parallel, C, and a gage 214 inches long placed as shown in 
Fig. 3, and when so placed is ready for drilling. 

The third hole requires three new gages, since it is 1 inch 
off the line of the other two holes, as shown in Fig. 4. 


= 
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Fig. 3. Plate in Position for Drilling second Hole. 


For holes which are to be finished 3-16 inch to % inch in 
diameter I first use a small drill, size No. 52 to No. 30. 
After the holes are all drilled to this size I then enlarge 
them, by the use of a series of four lip counterbores, to the 
required size. Where extreme accuracy is required, in the 
place of the counterbore, a small boring bar may be substi- 
tuted and the holes bored to the size desired. 
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Fig. 4. Plate in Position for Drilling third Hole. 


One disadvantage of using a boring tool is that it requires 
a hole in the table equal to the largest hole to be bored out 
or that the plate shall be kept clear of the table by blocking 
up with parallel strips under it. 

Fig. 6 shows a form of boring tool which I have found very 
convenient for use on this kind of work. 
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It consists of the shank, A, which is fitted to the taper hole 
in the spindle and a split holder, B, which is pivoted to the 
shank at C, and is locked to it at D; the screw at D serving 
to clamp the boring tool, H, at one end, while F clamps it at 
the other end. Adjustment is optained by swinging the 
holder, the radial slot, G; allowing it to have quite a range 
and the stop screw, H, permitting fine adjustment. Split 
bushings in the holder will allow the use of boring tools of 
smaller diameter if desired. 


Fig. 6. Boring Tool. 


This method of locating holes is not limited to the drill 
press but may be employed to advantage on the faceplate of 
a lathe. In this case the work, as soon as located by the 
gages, is clamped to the faceplate. 

While this method was originated for drilling holes in jig 
plates, it may be used with equal success for drilling small 
interchangeable pieces. It is not necessary that the edges, 
G and H, be planed at right angles, as the same results will 
be obtained if the surface, G, is planed true and a finished 
spot provided at K, from which point all measurements to 
the parallel, D, are made, 

kek nerk 


WINDING SMALL SPRINGS. 

P. A. Whitney sends us a little trap for winding small 
springs up to, say, No. 12 English standard gage, which is 
shown in the cut. It is accompanied by a spring, wound by 
this means, which is very regular and satisfactory. 

The method for using the device is very simple. A drill 
rod, about 3 feet long, which is a little smaller in diameter 
than is wanted for the inside of the spring, is put in a drill 
chuck and a piece of wire of the size of the space between the 
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Device for Winding Springs. 


coils of the spring is put in beside it and two coils are wound 
and cut off as shown at A. One end is twisted to form a 
loop for convenience of handling. Now place the spring wire 
in the chuck, with the rod, and after winding two coils by 
hand, screw the larger wire onto, or into, the coils thus 
wound. Then grasping the guide and the free end of the 
wire in the right hand, start up the lathe with the left. The 
free end of the drill rod should be grasped in the left hand 
to prevent its whipping around. 


* OK OK 


To indicate when the moving parts of the machinery have 
become excessively heated, a German inventor has devised a 
paint composed of an amalgam of the iodides of mercury and 
copper, which the inventor claims will change color when 
heated. Bearings to which it is applied are red under normal 
conditions, but when a temperature of 140 degs. Fahrenheit 
has been reached the paint becomes black.—Hlectricity. 
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LETTERS UPON PRACTICAL SUBJECTS. 


SOME OF THE TROUBLES OF THE MACHINIST- 
ENGINEER. 


Editor MACHINERY: 
I have often noticed in the past, advertisements worded 
something like the following: 


WANTED—An engineer. Must be used to engine, and 
be a machinist able to do his own repairs, and repairs for the 
factory machines. Will pay $12 per week. 


Whenever I come across such an advertisement as this (and 
I am sure that your readers have often done so) I wonder 
what kind of a rara avis the man who inserted that “ad” ex- 
pected to get from the ranks of the unemployed. Now I 
have seen some mighty handy fellows in the machinists’ ranks, 
but I speak advisedly, I think, when I say that I never saw a 
man who could fill both positions as they should be filled. 

Let us see what is liable to be one day’s work for the 
average engineer. He comes in before anyone else is thinking 
of starting to work, and putting on his overclothes begins to 
get up steam. In the meantime something about the engine 
must be fixed before it can be started, and by the time he has 
done that it is time to begin to oil and warm up the engine. 
Soon after starting, a water glass bursts and that must be 
replaced. Then the Boss wants his lawn mower fixed, or the 
kerosene stove is out or order. Then he is called to the 
office to fix an electric bell; and then to repair a bursted pipe 
or a damper regulator, and in the meantime receive a visit 
from the boiler inspector making internal inspection. Perhaps 
also he has to meet courteously two or three oil men and 
steam packing agents. Some time during the day he hag to 
clean out his spare boiler, find out for the Boss how much 


power a certain room is using, and because it is thought he is 


using more coal than he has previously, it will be necessary to 
take some indicator cards. The Boss thinking that the present 
will be a good time to stock up with coal comes in and wants 
to know how much coal the bin will hold, and so he has to 
measure the bin to find that out. Fortunate is he if he keepsa 
journal and can refer to that when some of these questions 
come up. And thus it goes throughout the day. If he hap- 
pens to get a few minutes to sit down and cool off, during 
which time he possibly studies the slide rule, or the laws of 
combustion, etc., some old woman or other (as happened to 
me) will come in and say: “Then all you have to do is to sit 
here and see that thing go!” (I don’t quite know what she 
meant, as I have machinery going in three rooms and had al- 
ready shoveled two tons of coal), but I told her “Yes, that was 
et lites 

Now, Mr. Editor, I have had about thirty years’ experience 
as an engineer and some of it has “stuck,” but I think the 
man who writes an “ad.” like the above knows little of what 
an engineer’s duty is. It has always seemed to me that 
an engineer must be born to love his profession, for pro- 
fession it is and one to be proud of. As for myself I prefer it 
to anything going. 

In connection with this I will tell of an incident that hap- 
pened in a neighboring city. A certain firm had contracted 
for an engine of the cross-compound non-condensing type. 
In due course of time the engine arrived and also a machinist 
to set it up. It was duly erected (and well done too). When 
ready it was started up by the man who had erected it, and 
after it had run awhile he proceeded to take some indicator 
cards from it. He took some from the high-pressure cylinder 
and sat down on a box and began to pull his hair seeming 
strangely excited. The chief engineer of the plant noticing 
his apparent trouble interrogated him: “What’s the matter?” 
quoth the chief. “Back pressure?” ‘Yes,’ answered our 
friend, “there seems to be back pressure on this high-pressure 
cylinder.” ‘How much?” “About one-half inch.” ‘Well,’ 
answered the chief, “it surely must be some ‘inherent’ fault 
of the engine, for the piping is all right.”” The erector who did 
not seem to take in the full meaning of the chief’s “inherent” 
was sadly puzzled and informed the chief that he should write 
to the firm about it. I have often wondered what reception 
he got when he returned after complaining of back pressure 
on the high-pressure cylinder of a cross-compound engine. 

OLtp MAN. 


CHUCKING PIECES. 
Editor MACHINERY: 

I am somewhat surprised in going into different shops to find 
how comparatively few use what can be called “chucking” or 
holding pieces, on castings which are to be finished in the 
lathe. While there are times when this can also be done to 
advantage on shaper work the application is much more lim- 
ited than in lathe work. 

A chucking piece is such a simple expedient and was so 
common in the shop where “yours truly” learned his trade that 
he never dreamed of its being new or novel in any part of the 
country, but this is the way with many other things also. 


CUTTING OFF TOOL 


FORMING TOOL 
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Fig. 1. Chucking Pieces. 


You ask a shopman if he has anything new to show you, and 
he almost invariably answers no, but if you ask how he does 
this or that piece of work you are likely to find a new method 
or one that differs from your own practice. It is old to them, 
and they never think that it may interest you. But to return 
to chucking pieces. 

Two examples will serve to show the application to those 
who are not already familiar with it. Fig. 1 shows a thim- 
ble, of brass in this case, with the chucking piece in dotted line 
at the back. Without this it would be necessary to chuck the 
piece twice, with the attendant trouble of getting it true the 
second time and the danger of marring or springing unless it 
was held in a split chuck. Of course a mandrel or arbor could 
be used, but this has troubles of its own as well. 


Figs. 2 and 8. Chucking Pieces. 


By adding the chucking piece to the pattern you have a place 
to grip in the chuck and the whole operation can be done with- 
cut removing from the chuck, thus insuring the whole thing 
being concentric or true, and saving considerable time. In 
a turret or Fox lathe this is easily done, and the tools shown 
give a suggestion in this line. 

By threading the chucking piece in a turret lathe and holding 
it in a screw chuck it is handier working than holding in a 
regular jaw chuck, and the cost of facing and threading the 
piece is very little. All the metal contained in this chucking 
piece goes back to the foundry as chips or scraps, so there 
is practically no loss on this account. 

Fig. 2 shows a disk for a ball joint which was first made 
by catching in a chuck and tapping the hole a, at the same 
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time facing @ square with it. It was then put on a screw 
chuck and the flat side faced off, then reversed and the ball 
joint finished and the outer edge turned to size. 

The addition of the chucking piece shown by dotted lines 
(this was cored straight through, same as disk) made it pos- 
sible to face and thread the chucking piece in the turret lathe 
and hold in a screw chuck, Fig. 3, as shown. The whole 
thing could then be done in one operation and cut off complete. 
While the work might have been held in a jaw chuck, the 
serew chuck is better in many ways as it gives more room to 
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be clamped and another cut taken, and so on until sufficient 
depth of thread is obtained. To gage, the bar is withdrawn 
altogether. 

I can now see where several improvements might be made. 
Insert a spring between the head G@ and the bushing 4, in 
order that the teeth would become free upon unlocking the 
nut K. Cut the thread out of the bushing # and introduce 
a disengaging nut. By lengthening the bar at the end D and 


adding gearing with quick action, or self-acting clutch, the 
bar could be power-driven. 


Instead of the nut K a quick cam 


TAPPING BAR 


Fig. 1. 


work around and there is no danger of the work slipping. A 
Stillson or some similar wrench takes out the piece cut off, 
with little trouble. 

Every shop manufacturing in quantities has many places 
where some modification of this method can be employed to 
advantage. R. E. MARKS. 


A TAPPING RIG—DIVIDING DEVICE FOR 
PLANER. 
Editor MACHINERY: 

I have been reminded to-day of a rig for tapping the feed 
screw boss of upright frames, that was made in my young 
days. It had almost faded from my memory, and lest it should 
do so entirely I send you a description of it at once in 
hopes that it may do others as good service as it did our 
firm. The appliance is shown in Fig. 1. 

The drill frames, of which A A show the two upper bosses. 
were previously bored and faced. The tackle for tapping 
consists of the tapping bar B turned to slide on the upper 
boss A and in a bushing C, the ends being threaded same 
pitch as the work to be done, and fitting an internally threaded 
bushing #. Both bushes had projections to correctly locate 
them, and were clamped against the faced ends of the boss 
by two bolts as shown. The “business” 
turned down (shown at F') eccentrically, and carries a head 
G, which is free to rotate upon the bar, but can be held in 
any desired position by means of the teeth formed upon its 
outside face and the teeth upon the inner face of the bushing 
H. The bushing is prevented from turning by the key shown 
and it can be firmly clamped against G by tightening up the 
knurled nut K. The cutter ZL is square and fits into a square 
hole and is locked by the square head screw M. When it is 
in the position shown it is at its outer limit, and when exactly 
opposite, it is at its extreme inner position. The head is 
rotated by means of the handle N. 

In practice the head would be turned to bring cutter to 
such a position that upon turning the bar, by means of a 
long handle fixed upon the square at the end, a reasonable 
cut would be taken. Upon reaching the recess O, the knurled 
nut K would be unscrewed, disengaging the teeth and 
allowing the head to be turned right back until the lever N 
butts against the stop pin M. The bar would then be with- 
drawn and the head turned back to the same index position 
and advanced a notch or two. The cutter head would then 


end of this bar is .- 


I.STOP PIN : Be 
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Tapping Bar for Tapping a Hole Square and in Line with Another. 


action might be better. However, the principle of the thing 
is shown, and no doubt many improvements might now be 
suggested. 

Another handy rig is shown in Fig. 2. This is an arrange- 
ment for feeding the cross slide screw of a planer in accurate 
intervals. This screw was %4 inch pitch and the work neces- 
sitated the screw being rotated one and one-half time to feed 
the tool box 3¢ inch, which was the pitch of the ratchet teeth 
to be cut upon the work. After spacing by use of this 
tackle a correctly formed tool was fed in by means of the 
upright slide, a stop being provided to insure the teeth being 
cut to exactly the same depth as each other. 


~ CROSS SLIDE 


Fig. 2. Device for Feeding Planer Cross-slide for Rack-cutting, etc. 


The pinion A is locked to the screw by the nut B, and mesh- 
ing into it is a wheel C, which wheel has connected to it the 
stop disk D. The lever # is pulled forward allowing the stop 
disk D to be rotated by the handle. As soon as the stop F 
on the disk D has passed the lever HE, the lever is allowed to 
spring back, and thus acts as a stop to prevent the disk being 
turned more than once round until the lever E is again pulled 
forward. One turn of wheel C—which has 30 T. and the piston 
only 20 teeth—rotates the pinion 11%4 times, and hence feeds 
the tool box 114 times 4 inch, or *% inch. 

It would be possible to arrange the rig so that wheel in 
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any ratio could be fixed in place of A and C, in order that any 
pitch could be cut, but to secure accuracy of division the disk 
D should always make one complete turn. 
Birmingham, Eng. FrANCIS W. SHAW. 
“PWENTY YEARS AGO”—PATTERNMAKERS’ 
DOGS. 


Editor MACHINERY: 

In every issue of MACHINERY and other mechanical publica- 
tions appear articles and illustrations of handy and simple 
mechanical methods for doing work which are studied and 
appreciated by the great majority of mechanics, but along 
comes some fellow who writes that he saw or used the same 
thing “twenty years ago.” Well, suppose ive Obl ale ake aie) 
good thing and he saw it “twenty years ago” is that any 
reason why others should not know of it? 


a ¢@ 


=. 
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Fig. 1. Simple Method ot Making Core Box. 


I send herewith sketch of a simple way for making a core 
box which may be old to some but new to me, and it may be to 
others. The core box, Fig. 1, was made in fifteen minutes, all 
done on a band saw. 

The writer once had a number of boards to glue to- 
gether, edge-to-edge, and to clamp them used the ordinary 
iron “dogs.” I had two dozen clamps, but found only 7 fit to 


use, so I went to the workman next to my bench to borrow 
a few, but like myself he had only 5 in 3 dozen in order, and 
so it was with two other men; these iron “dogs” are used 
almost as much as any other tool in a patternmaker's kit and 
how few workmen keep them in working order. 


i 
if | 
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Fig. 2. Patternmakers’ Dogs. 


The patternmakers started in to discuss the ‘‘dog”’ ques- 
tion and what was the best shape and design for clamping 
and strength. Each man had his way for making a clamp, but 
no two men agreed that any particular “dog” was shaped 
right. I send sketch of a few “dogs” that each man had, and 
each thought his was just right. I would like to hear from 
some of your readers what their ideas are on the dog designs. 

PATTERNMAKER. 


A SCREW MACHINE CHUCK. 


Editor MACHINERY: 

A short time ago I had a screw machine job which seemed 
to present some difficulty but which was easily accomplished 
by use of the chuck here shown. The main difficulty came jin 
performing the second operation, which left the piece with a 
wall of metal but 1-64 inch thick. Fig. 1 shows one of the 
pieces after the first operation has been performed and it is 
ready for the second operation, for which this device was con- 
structed. Fig. 2 shows one of the pieces as completed by the 
second operation. This operation was performed by the 
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counterbore, Fig. 3, the piece being held in the chuck shown 
in Fig. 4. 

The end of the chuck was threaded at A to receive the 
tapped end of the work. Through the body of the chuck 
ran the plug B, which had a left-hand thread for fitting the 
chuck at ©. A pin D connected the plug to a knurled ring on 
the outside of the chuck. 

The pin D worked in a slot from £ to F so that the ring 
could be turned through one-fifth of a revolution. 

The method of performing this second operation was as 
follows: 


Fig: 1 


Fig. 4 


Screw Machine Chuck. 


The knurled ring was turned until the pin D bore against 
the side of the slot H, when the work was screwed on the 
end of the chuck until it bore hard on the end of the plug B. 
The counterboring was then performed in the usual way. Now 
to release the work the knurled ring was turned one-fifth of a 
revolution, or until D bore against the side of the slot Ff, thus 
withdrawing the plug B from its bearing against the work 
which was left free to be easily unscrewed. 

Syracuse, N. Y. Horatio J. TAYLOR. 


TROUBLES OF THE DRAFTSMAN. 


Editor MACHINERY: 

When an improvement and addition is made to a machine 
already being manufactured, every detail of the job is care- 
fully planned out in the drafting room, even to the tools 
required for doing the work and the best manner of assem- 
bling. After a great deal of thought, many changes, and not 
a few misgivings on the draftsman’s part, it is completed and 
put into the shop with full instructions for operating it; the 
work is finished, the assembling is successfully accomplished 
and the machine operates properly. 

The passing machinist often thinks, “What a snap those 
draftsmen have. They simply tell us to do such and such 
things and we have to do the work. There seems to be plenty 
of room for each part; the idea is simplicity itself, anybody 
might have designed it, had he been asked to do so.” Now 
this man probably wishes he were a draftsman; but if he 
knew the difficulties to overcome and the seemingly insur- 
mountable obstacles that present themselves in the process 
of design, he might think differently. Suppose we give him 
an idea of the amount of work involved. 

If someone invents an attachment for the machine, it is 
generally turned over to the chief draftsman in the form of a 
rough pencil sketch, giving no idea of either size, proportion 
or detail, and generally with no explanation whatever or, at 
the most, only a few words. The chief draftsman must then 
study it carefully until he has formulated in his mind an 
idea of how it can best be built and also something of the 
size and proportion of the parts to do the required work. 
He then takes a drawing of the machine, of one quarter or 
one-eighth size, and tacks a piece of tracing paper over it. 
On this he lays out the center lines and a few of the most 
important parts, designing, as far as possible, the best sizes 
of gears, pulleys, shafting, etc. If the improvement is to be 
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put on a machine which has already been manufactured for 
several years there is very likely to be a scarcity of room; 
and this will sometimes necessitate the discarding of several 
different schemes, on each of which he will spend considerable 
time. When he finally “hits upon” a design which he thinks 
will do he calis up his best available man and explains the 
situation as completely as possible. This man proceeds to 
make an assembly drawing to the largest advisable scale, 
first drawing all parts of the original machine which will 
come adjacent to the new part, or to which it will be con- 
nected. At this point his trouble begins, for he soon finds it 
necessary to change the original machine here or there, to 
make room for this or that part. This he doesn’t like to do 
for several reasons. It makes trouble in filling repair orders, 
the machine to be fitted with the new part may only be 
half done, or there may be a quantity of these particular 
pieces in the stock room. As a result it is generally neces- 
sary to make a compromise between two or more evils. 

Next he may want to make a part which is not easily 
molded or machined, and then another compromise is re- 
quired. And so it goes, deciding to make each part “so and 
so,” not because it is just what he wants, but because it is 
the best that can be done under the circumstances; often 
taxing his mind at spare minutes for days, or even weeks, 
trying to think of some good way to overcome certain diffi- 
culties. Sometimes he thinks of a good plan only after the 
drawings are completed, when, if it is of sufficient importance, 
it may be necessary to redesign the whole machine. And 
sometimes he may think of it the minute he sees the com- 
pleted machine in operation. I have seen instances where 
the new idea was enough better than the old to warrant 
throwing the first into the scrap heap. 

But I am digressing a little. To go back to where the 
drawings are finally completed and approved by the super- 
intendent, they are then sent to the pattern shop where it 
will be necessary to watch the patternmakers carefully, else 
they will surely get you into trouble. It must now be de- 
cided, by ascertaining the stages of the work already in the 
shop (unless this has been predetermined by existing circum- 
stances) with which lot of machines to make the change, and 
then inform the head of each department as fully as possible 
of that part of the change which will affect him. He must 
be careful to tell him which lot will first have the change and 
all the original parts which will be left off or changed in 
any way. 

The best time to make the change is on a lot for which the 
shop orders have not been sent out. The instructions can 
then go with the orders, making it comparatively easy. Gen- 
erally, however, this cannot be done as the improvement is 
wanted on the first machine possible, even at the sacrifice 
to the scrap heap of some parts already made. In this case 
it is sometimes necessary to start some parts in the shop 
before the drawings of others are fairly finished. It is also 
necessary to call in from the shop all discontinued drawings 
and patterns, to avoid the possibility of mistakes which may 
arise from using the wrong ones. This cannot be done until 
all machines without the improvement are completed, com- 
plicating matters still more by making it necessary to remem- 
ber just what has been done and what not done, out of a long 
list of changes. If a complete list be made of the things to 
be done for each change then as each is finished it can be 
checked off. 

It is always best when a drawing is in process of construc- 
tion to consult with the heads of the shop departments. 
Their ideas as to the way in which a piece can best be made 
are worth a good deal, and they are then more willing to 
make the change when it comes and have probably already 


made their plans for doing the work. 
FreD S. ENGLISH. 


IMPROVED DRIVER FOR MILLING MACHINES. 
Editor MACHINERY: 

The milling machine of to-day is, I believe, considered to 
be the best all-around tool in the modern machine shop and 
probably is the one that is kept most strictly up-to-date by 
the manufacturers. I have found, however, that there is one 
feature on at least two of the best makes that is defective 
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and that is the driver for the dividing head. And this is now 
constructed it is more a case of luck than design that the 
set-screw of the driver comes in the proper place to bind the 
tail of the dog, as is necessary to prevent back-lash when 
using the dividing head. I have often found it necessary to 
clamp the tail of the dog in the “toggled-up” shape illustrated 
in Fig. 1. This of course takes time and makes a very unsat- 
isfactory arrangement. 

Having charge of several milling machines, I was free to 
make such changes and improvements as were found neces- 
sary to increase the efficiency of the machines. Fig. 2 shows 
the style of driver that came with the machines. This driver 
was quite unsatisfactory for the reason just given and also 
that the set-screws were not opposite each other. This is 
often a very desirable feature, as it is mighty handy to be 
able to loosen one screw and tighten the other slightly on 
the tail of the dog to shift a piece a little. Figs. 3 and 4 
show the improved form of driver that I designed. A pattern 
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Improved Driver for Milling Machines. 


was made for the castings and the slots were cored out. 
These slots were for the sliding nuts A A for the set-screws, 
the idea being to shift the set-screws along the slot to bear 
on the tail of the dog wherever it was and have both set- 
screws in alignment. Fig. 5 shows one of the sliding nuts 
of which there are of course two made for each driver. The 
inner edges and sides of the slots in the driver (where 
marked f) were machined on a shaper. 

The familiar form of driver shown in Fig. 6 was also fitted 
with sliding blocks or nuts in the same manner. It will be 
seen that this design makes a driver universal within its 
limits and that the tails of all dogs used can be properly 
clamped regardless of their length or position. If a dog is 
used having a bent tail it can be clamped without trouble 
between the two set-screws when these are pointed, without 
causing any twist on the work. 


Chicago, Ill. Ropert A. LACHMAN. 


JIGS. 
Editor MACHINERY: 

The causes for the use of jigs may be summed up under 
three heads, the order in which they are stated representing 
fairly well the frequency though not necessarily the import- 
ance of the inference of these causes: First, reduction of 
cost; second, duplication; third, accuracy. We will take first 
the question of cost. 

As no article can, as a rule, be sold in open competition 
with similar articles unless its cost is somewhat proportionate 
to the quality of its competitors, commercial considerations 
demand that the cost be kept as low as possible, while the 
quality be kept as high as possible. And jigs are one of the 
chief agents of this in metal work. When a jig is considered, 
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the first thing to be settled is whether it can be made to pay, 
and if so,how much. The answer to this often involves very 
many other questions but can generally, if not always, be re- 
solved into computations based upon the number of pieces to be 
made, and the probable cost of labor per piece when made 
with and without a jig; and the cost of the jig including 
maintenance. Also the fact that often a much less valuable 
machine or one less busy can be used with the jig, may be 
an important consideration. If no other factor than cost of 
production is involved, and it is found that the total cost of 
the jigged work will come very near that of the lot of articles 
when made without a jig, and no further order is in sight, it 
is pretty safe to abandon the jig idea; for it is apt to partake 
very much of the nature of an experiment, and the odds 
should be decidedly favorable to warrant the risk. 

The second reason—the duplication of pieces—has a some- 
what different foundation, though cost enters here also, as 
will be seen later. Suppose the part to be made is subject to 
wear or breakage, as in agricultural and textile machinery, 
guns, bicycles, etc. We know the strong disinclination any- 
one has for buying a wheel the makers of which have gone 
out of business. It is at once recognized that repair parts 
cannot be bought from stock dealers, but must be made at 
excessive cost and delay. So we have before us the import- 
ance to manufacturers that the buying public shall have con- 
fidence in the interchangeability of parts in order that sales 
may be made at all upon the open market. It is a fact that 
where this reason holds good, there is also the reason that 
costs will be lessened, because production of large numbers 
of parts is taken for granted. And in considering whether or 
not a jig shall be made this combination of reasons militates 
strongly for the jig. 

There is also another reason for jigs, based on costs and 
interchangeability—it is that in fitting and assembling, those 
parts which are exactly alike require the minimum labor in 
putting in place. 

In the third place, accuracy is often attained only by the 
use of jigs. There are jobs which could not be finished at 
all within the limits of accuracy demanded if jigs of some 
sort were not used. 

It will therefore be seen that the determination of whether 
a jig shall be made may rest upon a number of questions 
which often demand great care and practical experience to 
solve in the way best meeting the requirements of the case. 

F. M. B. 
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HANDY DEVICE FOR STARTING THE THREAD. 
Editor MACHINERY: 

I send a drawing of a device for holding up a valve against 
the pressure of the spring, for convenience when screwing 
the valve stem in the valve seat. Many water cylinders for 
steam and power pumps are SO constructed that it is difficult 
to start the thread on the valve seat, owing to the pressure 
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Device for Holding Coil Springs in Compression while Starting the Thread. 


of the spring, as it is impossible to get both hands in the 
cylinder at the same time. The device will no doubt be handy 
for men who are repairing or even building machines of this 
kind. 

Take a piece of brass, or of sheet steel, of the shape shown 
in Fig. 2. Now take the valve in the left hand, press it up 
and then slide the forked-shaped piece under it in the thread 
of the valve stem. This will hold up the valve as in Fig. 1. 
Use one hand to turn the valve and the thread will enter the 
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valve seat. Once the thread is started in good shape the 
brass fork can be pulled out and the operation continued in the 
usual way. 
It will readily be seen that this device is very convenient in 
a “tight” squeeze. C. W. PUTNAM. 
Holyoke, Mass. 


ADJUSTABLE FACEPLATE FOR THREADING 
ANGLE FLANGES. 
Editor MACHINERY: 

We have at times a good many angle flanges to machine 
for our boiler shop (Struthers, Wells & Co.) and no two 
angles seem to happen at the same time. The annoyance 
caused by and the time lost in blocking up some makeshift 
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Fig. 1. Adjustable Faceplate for Angle Boring. 


contrivance led us to make an adjustable faceplate for the 
lathe which works on a pivot through which a 14-inch bolt 
fastens it at any desired angle. 

The plate A with the pivot lugs is cast in one piece, and 
is threaded to screw onto spindle of lathe. The illustrations, 


Fig. 2. Adjustable Faceplate for Angle Boring. 


Figs. 1 and 2, show quite plainly its construction and adapta- 
tion. By placing the flange to be machined against the face- 
plate B and holding it in place with a pipe center, such pieces 
can be secured ready to operate on in about three minutes. 
Warren, Pa. A. A. AVERY. 


A TURRET ATTACHMENT FOR THE LATHE. 
Editor MACHINERY: 

A very convenient attachment for holding pieces to be 
milled is shown in Figs. 1 and 2. This attachment is used on 
the lathe carriage in place of a tool post. The steel head B, 
which revolves on the central stud 0, has a number of holes 
drilled in the bottom to correspond with the desired spacing 
of the surface to be milled. A spring pin D slips into these 
holes as the head is revolved and holds it in position, while 
the work is being performed. 
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Fig. 3 shows a sample of the work for which this attachment 
is adapted. 


The plug here shown is to be milled on six faces. The 


threaded end is screwed into the steel ring, Fig. 4, and the 
ring placed in the recess F of the turret head. This ring is 
split at A so that it may be firmly clamped to the plug by the 
set screw G, which also fastens it in the turret head. 
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Fig.o 
Turret Attachment for Lathe. 


Having clamped the work in the turret, it is fed up to the 
cutter by means of the cross-feed screw, while the rise and 
fall attachment of the carriage furnishes the means of vertical 
adjustment. 

A good style of cutter for this work is shown in Fig. 5. It 
is held by a clutch on the live spindle of the lathe. 

Connersville, Ind. EK. M. BurRGESS. 


MAKING A CLUTCH PATTERN—PATTERN 
DOWKL PIN. 


Editor MACHINERY: 

The sketches, Figs. 1 and 2, show a simple template for 
working the jaws of a clutch pattern. The writer has made 
several clutches and found this to be a simple and true 


TEMPLATE 


Making a Clutch Pattern, etc. 


method to get the jaws correct. I make the block fast to a 
faceplate with screws, then turn the outside diameter, bore a 
hole the size of inside diameter and about 1 inch deeper than 
bottom of jaw, turn a pin or core print to fit the hole, and 
on this print put a thin piece to act as a template. The print 
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can be put in the hole and revolved round, showing where to 
trim the teeth, then removed when trimming is being done. 
A neat, perfect job can be done in this way. 

The writer had a number of small split patterns to make 
in which, it was a difficult job to put dowel pins. After one 
of the patterns was in the foundry a few days it was returned 
to have the pins made fast; the dowels were 3-16 inch diam- 
eter, 144 inch long. I saw that wood dowels would not stand 
the racket, so I made the pins from common wood screws. 
They not only answer the purpose as dowel pins, but the 
molder prefers them to wood pins, as they do not swell. I 
drill a small hole just large enough to turn screw without 
splitting pattern. I grind the head as shown in Fig. 3, leaving 
slot. 


Chicago, I]] PATTERNMAKER. 


“PISTON HEADS AND PACKING RINGS.” 


Editor MACHINERY: 

In the July issue Mr. Dunbar writes interestingly on piston 
heads and packing rings, and in the main, correctly I believe. 
I fear, however, that he has made one or two statements that 
may produce a wrong impression, on the younger readers 
especially, unless supplemented with some explanations that I 
will venture to give, seeing that no one else has done so to 
date. ; 

In Figs. 2 and 3 of his article, the writer shows the cor- 
rect and generally followed method of putting in Dunbar 
packing rings. He says that it is customary to put them in 
as shown, to prevent the possibility of the square section 
ring dropping into the counterbore, should there be a chance 
of its doing so. Otherwise so far as he is aware there is no 
reason why they cannot be put in the opposite way if it were 
desired to do so. Now, in my opinion, it makes considerable 
difference which way Dunbar packing is put in, and that 
difference might be sufficient to decide its success or failure. 
If it is put in opposite to the way shown in Figs. 2 and 3, the 
steam can blow down through the openings between the ends 
of the square sections and up through between the ends of 
the L-sections, provided there is any clearance for the pack- 
ing rings in the groove and, as Mr. Dunbar says, some clear- 
ance of course must always be given. But when put in prop- 
erly the two rings break joints effectually by being forced 
against the inner walls of the packing grooves. Of course if 
the rings are put the other way steam should not blow by 
the piston since the rings at the opposite end should stop it. 
I think, however, that most readers will agree that it is not 
good practice to have the steam blow through one set of 
rings to be stopped by the other set, at each stroke of the 
piston. The life of packing under such conditions would be 
of brief duration. 

The foregoing makes it quite evident that with Dunbar 
packing two rings or sets of rings, are vitally necessary for a 
tight piston, and I think the same holds true for the ordinary 
snap ring to a lesser degree. Mr. Dunbar’s analysis of the 
action of packing rings in the grooves throughout a piston 
stroke, shows in itself that two rings are always required 
for good results in a steam engine piston. The pressure of the 
steam keeps a packing ring against the inner wall of its 
groove during the first half of its stroke at least and its 
momentum during the second half, if the steam pressure is 
not sufficient, which, however, it almost always is. The 
inertia and friction of the ring on the exhaust side of the 
piston also keeps it tight against the inner wall of its packing 
groove. So in theory at least the packing rings should have 
little tendency to side movement in their grooves where there 
are two, but when there is only one it is of course forced alter- 
nately from one side of the groove to the other at every 
stroke. I believe that two rings—no more—are needed in 
every steam engine piston. A third ring is of no more use 
than—(the reader can supply his pet comparison). 

It should be noted that the action of the packing rings in a 
steam engine piston is quite different from that occurring in 
a pump piston. In a pump piston the rings are alternately 
forced from one side of the groove to the other irrespective 
of the number of rings, and this is one reason why they wear 
out faster in pumps than in engines. 


Newark, N. J. F. Emerson. 
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LONG RANGE CALIPERING. 
Editor MACHINERY: 

The following problem in “long range calipering” and the 
way in which it was solved, is but a sample of the jobs which 
a tool-maker gets out here in the West. 

We had a shaft 31 inches in diameter and 47 feet long. A 
hole, extending through the shaft, was bored 104 inches tor 
a distance of 6 feet from each end, after which it widened out 
to a diameter of 21 inches. The shaft weighed 85,000 pounds, 
and as this was thought to be excessive a means of measuring 
the 21-inch portion was desired. I was first called upon to 
make a caliper that would measure the internal diameter 9 
feet from the end of the shaft. 

Fig. 1 shows the instrument which I constructed for the 
purpose. A board 10 feet long was fitted to slide snugly 
through the 1014-inch portion of the bore. Upon this board 
were mounted the wooden caliper legs A and B, one leg being 
placed on either side of the board and both pivoting about 
the pin C0. 

The ends of these legs at D D were fitted with metal tips, 
so arranged that the extreme points were diametrically 
opposite. At intervals along the length of the legs small 
strips of glossy rubber were fastened, on the side next to the 
board, and these relieved any excessive friction between the 
parts and thus facilitated the operation of the instrument. 

To use the caliper, it was pushed through the 6 feet of 
1014-inch bore, at th» end, and up to the position where it 
was desired to make a measurement. The outer ends of the 
legs were then brought together until the inner points touched 
the inside of the bore. A mark was made for the position of 
each leg and the legs brought back to their original position. 
After the board was removed from the shaft the legs were 
set, by the mark, to the same position which they occupied 
when taking the measurement and the distance between the 
points was measured with an ordinary caliper. 

It was, of course, unnecessary to withdraw the board for 
each measurement as any number of settings could be made, 
at different distances from the outside, and each set of marks 
given its respective number so that they could be re-set and 
measured after the board was withdrawn. 

The caliper was used for this job with such success that 
a modified type, shown in Fig. 2, was constructed for caliper- 
ing at greater distances into the bore. This caliper was 32 
feet long, so that by working from both ends the entire 
length of the shaft could be measured. As will be seen in 
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was pulled and the stick brought up vertically until it bore 
firmly on the top and bottom of the hole. In this position 
the board was held central with the bore. 

This arrangement was quite accurate, as a test measure- 
ment, at a range of 28 feet, showed an error of less than 1-64 
inch. Within the tube, the caliper was more sensitive to 
sound than to touch, the chamber seeming to magnify the 
sound when the points came in contact with the sides of the 
wall. EK. J. BUCHET. 

Dubuque, Iowa. 


WHAT CAUSED THIS BREAK? 
Editor MACHINERY: 
I inclose a photograph showing an arbor and the result of 
hardening it. 
The lower figure shows the arbor before it was hardened. 
It was 414 inches in diameter at the larger end, 214 inches at 
smaller end, 24 inches long and weighed 57% pounds. I 
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Fig. 1. The Arbor which Broke in Hardening. 


turned it from a bar of Sanderson’s special annealed steel, 
No. 414, without forging. On being hardened it broke as 
shown in the upper figure. 

Can you tell me what caused the break? 


E. J. BUCHET. 
Dubuque, Iowa. 


We referred the above to our correspondent, Mr. E. R. 
Markham, of Springfield, Mass., from whom we received the 
following reply.—[Ep1Tor. | 
Hditor MACHINERY: 

I have examined photograph sent me of broken mandrel. 
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Long Range Calipers. 


the figure, the legs are of the rocker type and are expanded 
by drawing the rods # and F outward. It was found that 
when the caliper was pushed in very far, so that it overhung 
the support for considerable distance, the measurements were 
not exact, owing to the sag of the board. To remedy this 
trouble a supporting stick was hinged near the end of the 
board, as shown in Fig. 3. This was operated by wires which 
ran to the outer end of the board. When the caliper was 
being inserted or withdrawn the stick was closed to the posi- 
tion shown by the dotted lines, and when it had reached the 
place where the measurement was to be made the upper wire 


In order to examine the grain of steel from a photograph it 
is highly important that a section of the steel be magnified 
many times when photographed, whereas, the photograph 
shows the mandrel less than one-eighth actual size. But 
having had some experience in hardening similar pieces, and 
having had occasion to look up breaks similar to the one 
referred to, I will recount some of the causes of steel breaking 
when hardening. 

From the appearance of the fractures it is safe to say that 
the break was occasioned by internal strains. These strains 
may have been the result of rolling in the steel mill or of 
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unequal heating when hardening. To anyone who has made 
a study of steel and the effects of hardening it is truly won- 
derful that it is possible to produce a metal capable of stand- 
ing the immense strain a piece of steel undergoes when 
hardened. 

A piece of steel when heated red hot expands very appre- 
ciably. When it is immersed in the hardening bath the oppo- 
site process takes place, namely, contraction. The more 
rapidly the piece is cooled the more rapidly it contracts. 
Now unless the piece of steel is uniformly heated the process 
of contraction must be unequal, and unequal contraction is 
what raises the mischief when steel is hardened. 

If the strains were due to the processes to which the steel 
was subjected in the steel mill, then it is necessary to over- 
come them before hardening, if possible. Now a piece of 
steel may be annealed in the bar so it is very soft and works 
nicely. But in order to overcome the strains in the piece to 
be hardened, it should be annealed after it is cut to length and 
the outer surface removed. In the case of a mandrel of the 
form shown in Fig. 1 the piece should be roughed out to 
shape, that is, turned tapering, leaving it large enough to 
finish to grinding size after annealing. The annealing heat 
should surely be as high as the hardening heat, yet not high 
enough to injure the steel. The piece should be heated uni- 
formly throughout, the small end should be no hotter than 
the large end, and the outside of the piece should be of the 
same temperature as the internal portions. This is as neces- 
sary when heating for annealing as when hardening. A pre- 
caution which has in many cases worked nicely with me 
consists in heating the piece of steel to a uniform red heat, 
after roughing to shape, then standing it on end on the anvil 
and giving it a blow or several blows, on the upper end with 
a hammer, or sledge, according to the diameter of the piece. 
Should it be sprung by this operation it should be straight- 
ened while red hot. It may then be heated for annealing. 
This precaution is not necessary with a piece of steel which 
has been forged, provided it has been hammered to upset any 
portion after the drawing operation had been finished. But 
in the case of a piece of steel cut from the bar and machined 
to shape without forging, my experience convinces me that 
the above method insures more satisfactory results, especially 
if the piece of steel be long. 

When the bars are rolled in the steel mill the process is 
one of elongation from start to finish and the process of ham- 
mering on the end has a tendency to in a measure counteract 
the effects of this. 

The process of annealing has the effect of overcoming the 
tendency to crack from the strains. It is an acknowledged 
fact among authorities on hardening steel that greater care 
must be exercised in heating round pieces than if the piece 
were of some other shape. This is because the circular form 
is the most rigid and offers the greatest resistance to change. 
For this reason it is necessary to observe extreme care, when 
heating for hardening, not only that the heat be the lowest 
possible to produce the desired result, but that it be uniform 
throughout. 

A great many round pieces are cracked as the result of an 
uneven heat or one that is a trifle higher than necessary, 
while if the piece had been of another shape it would have 
come out all right. The fact that the mandrel is larger at one 
end than the other adds to the liability of its breaking unless 
the utmost care is used. 

When heating for hardening a round piece should be rolled 
around frequently in order to get uniform results: because if 
left to lie in one position in the fire until hot it will be almost 
sure to have a portion along the entire length of one side that 
will not harden. This will be the case even if the piece ig 
evenly heated. When the mandrel is heated to the proper 
temperature, and the heat is uniform throughout, it may be 
quenched in the bath. It must be dipped as near vertically 
as possible, dipping with the largest end down. The bath 
should be quite deep, at least 18 inches deeper than the length 
of the mandrel. The contents of the bath should be agitated 
from the sides, or a jet of water should come up from a pipe 
at the bottom to force the steam away from the heated metal 
in order that the water, or brine, can get at ills 

When the red has disappeared from the steel, in the bath, it 
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should be removed and plunged into a bath of oil and allowed 
to remain until cool. It should then be held over the fire and 
heated sufficiently to remove the hardening strains, which, in 
the case of a piece of steel of the shape shown, will be quite 
uneven, as the hardening will have penetrated much nearer 
the center at the small than at the large end. 

When dipping in the bath it will be found advisable to use 
a pair of tongs of the form shown in Fig. 2, so that the cooling 
liquid may get at the center to harden that. 


Ys, 
Up 
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Fig. 2. Tongs for Dipping the Arbor. 


In some shops, where it is found necessary to use steel 
containing a high percentage of carbon, for cutting tools 
which must, of necessity, be extremely hard, it is a common 
error to use this high carbon steel for articles such as the 
one under consideration, whereas a steel much lower in 
carbon would answer the purpose as well and be less liable 
to break in hardening. 


NOTES ON COUNTER30ORES. 
EHditor MACHINERY: 

The counterbore shown by Corneil Ridderhof in the August 
number of Macuinrry might be improved if the cutting edges 
were radial lines instead of tangent to an imaginary circle, 
the diameter of which is equal to the thickness of the cutting © 
tooth. It will be readily seen, by referring to Fig. 1, that the 
cutting edges are radial lines and that the cutting teeth are 
offset enough from the center to form a support directly back 
of the teat, where the support should be. 
expensive small tools in almost every shop. Where stand- 
ard work is done and there is no scale to contend with, the 
solid counterbore with milled teeth usually does the most and 
best work. 

The writer had occasion to do some facing on rough castings 
and made a counterbore like the one shown in Fig. 2. The 
body A is slotted with a 14-inch cutter to a depth slightly 
below the teat to receive 14-inch square self-hardening steel 
blades or cutters. The collar B fits the body nicely and con- 
tains two screws which are brought to bear against the blades 
to hold them from end movement. Something over two hun- 
dred and fifty holes were swept with this device. The blades 
are easily removed for grinding, but with the self-hardening 
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Counterbore and Milling Cutter. 


steel this was not often necessary, as it was ground but three 
times in doing this work. This style of counterbore could be 
changed for different diameters of holes by having bushings 
to fit the teat. Larger counterbores could be arranged for by 
placing liners under the blades or by making the blades wide 
enough to suit the diameter. 

We had some taper slots to mill which were 11-16 inches 
deep, 11-16 inch wide at the top and 9-16 inch at the bottom, 
and as the job would not permit the use of an expensive 
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cutter, a cheap cutter was made which answered the purpose 
very nicely. The cutter is shown in Fig. 3. A machinery 
steel collar 2144 inches. in diameter by 1% inch face was 
bored % inch to fit the milling machine arbor. Four holes 
were drilled into it and reamed % inch. The cutting teeth 
were made of 1%-inch square tool steel, turned far enough 
back on one end to drive lightly into the holes reamed in 
collar. Stubs steel pins 3-16 inch in diameter were driven 
through the collar into these pieces to act as dowels. After 
the teeth of the cutters were turned they were taken out and 
the clearance filed. The cutting end was hardened and the 
teeth were driven into their places. The teeth did not come 
back to their original position after driving them in the second 
time, but an oil stone soon fixed the edges so that they all 
cut uniformly and the work done was very satisfactory. Shop 
cost of cutter, $1.20. C. ARBON. 


A MILLING FIXTURE. 
Editor MACHINERY: 

The accompanying drawing and description show a method 
of milling pieces in duplicate, where several faces are sur- 
faced, which reduces the setting of the machine and handling 
of the work to a minimum. 

Let A represent a piece to be surfaced on spots shown on 
sides and ends, these surfaces to bear definite relations to one 
another. It is quite possible to put spotting pieces on top or 
bottom and finish these first, fasten the work to the platen 
and finish a side and then by parallels and squaring plates 
finish the other surfaces from the first. But this means a 
good many measurements, bolts, straps and settings of the 
machine, the mass of which may be avoided by the fixture 
shown. 

It consists of a casting B to which the work is fastened in 
any convenient way after being located by the spots e e’, s s 
and s' s', which are finished to the dimensions of the finished 
work, and serve to show the necessary position of the work in 
order to clean. The fixture has on its lower side a key slot 
k corresponding to the slot in the machine platen and spaced 
equally between the opposite spots s s and s’ s* on the side. 


Fixture for Duplicate Milling. 


In setting up the machine, the fixture is located by the key, 
and the cross-feed screw is used to bring spots s s or s' s* to 
the line of cut of a face mill on the spindle nose. As the slot 
k is located centrally between the sides to be milled, the 
same setting of the machine answers for both sides, it being 
necessary only to turn the fixture around. The ends are 
gotten in the same way and without altering the setting of the 
machine, for the slots m m* near the ends of the fixture are 
the same distance from surfaces e e' as is slot k from sur- 
faces s s and s! s'. Therefore, the operator has simply to see 
that the key enters the slot fairly. 

Ears may be provided for receiving the bolts which, when 
loosened, may simply be moved to suit the new position of 
the fixture as it is swung around. In practice one side may 
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be milled, then an end, a side, and an end; one rotation com- 
pleting the piece. On many jobs the key and slots would 
not be accurate enough, in which case a sole plate upon 
which the fixture might be located by dowels could be 
brought into service. The principle, however, would remain 
the same. B. 


HOW FOREMEN DIFFER. 
Editor MACHINERY: 

The construction of a pattern is at times a difficult problem, 
not so much in making the pattern, but in constructing and 
finishing to meet the wishes of the foreman, when no instruc- 
tions are given as to how the job should be done. While 
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working in an eastern shop I was given a pattern to make as 
shown in sketch. The only instructions given me were, “ Only 
one casting is wanted.’ I cut the lumber to size, dressed it 
down to size on planer, and did as little hand planing as pos- 
sible. The frame I did not touch with smooth plane, just put 
it together as it came from the planer. The corners were put 
together as shown, all parts were screwed and no glue used. [ 
did no waxing or puttying, and the pattern was O. K., also 
the casting. 

A few months after I quit this shop and went to work in 
another in the same town. The first job of pattern work was 
almost the same as the pattern I write about. One casting 
was wanted. I constructed it the same as the other, and when 
finished notified the foreman. 

He at once gave me a general ‘“‘call- 
ing down.’ First, the work should be 
made smooth with smoothing plane; 
second, the corners should be one-half 
checked and glued; third, all screw 
holes and openings waxed or puttied,. 
and fourth, if I knew my business I 
would do this without being told. When 
the foreman was done “calling me 
down’ I said I would finish the job 
and quit. He insisted on my remaining 
at work, but I could stand no such 
unreasonable abuse as that. A _ fore- 
man of this type is a disgrace to any 
shop. When the proprietor or superin- 
tendent of a factory finds he has a 
foreman in his employ who is always 
finding fault with his workmen, the 
sooner he gets rid of him the better it 
will be for his shop, bank account, 
and workmen. 

After leaving this man’s employ I 
made it my business to tell every good 
mechanic the sort of a boss he was, 
and I can assure you he had his troubles getting good work- 
men. A number of men who are to-day placed over good 
workmen, as foremen, were intended for the police force by 
nature. PATTERNMAKER. 


A WORD REGARDING CORRESPONDENCE 
SCHOOLS. 
Editor MACHINERY: 

Now and then I have seen much written for and against 
the efficiency of teaching by correspondence, and the schools 
established for that purpose in particular. Taking it as a 
whole it appears that both sides are right and it only reminds 
me afresh that there could hardly exist an educational institu- 
tion that would not be criticized on some ground or other. I 
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remember hearing a Cincinnati machine tool builder tell of a 
young man who was in his employ between terms in college 
and he asserted that every time this young man came back 
from college he had to start to learn the trade all over again, 
having forgotten nearly all he knew. 

As the college which this young man attended has a fairly 
well equipped machine shop, and part of this student’s time 
was spent there, this is somewhat surprising, but the chances 
are that the fault was more with the student than with the 
college. One thing I noticed is that many who do not believe 
in correspondence schools seem to forget that these schools 
can do the teaching only, the learning being the student’s part 
of the programme and the institution is certainly not respon- 
sible for the failure or neglect of the “party of the second 
part.” : 

That the agents of these correspondence schools often 
assure stupid men of their ability to become machinists, 
draftsmen or even mechanical or electrical engineers, in their 
efforts to secure a commission, I do not deny, for I have seen 
this done myself; but it is not fair to condemn an institution 
for the mistakes of a few of its representatives. It is certain 
that through the work of these agents many a man who never 
considered himself fit for advancement has been aroused to 
a realization of what he might be able to do if he only tried 
and has been assisted onward toward mental and financial 
betterment. 

When it comes to catering to the ignorant for enrollment 
in correspondence schools the mechanical schools are “not in 
it.’ Thinking it might interest some of your readers I give 
the following extract from the matriculation blank of a 
college of ophthalmology and otology: 

“Siegen your name (print it if you cannot write it distinctly) 
in full. Do not give initials, but write what each initial 
stands for. Example: Not J. J. Jones, but John Jacob Jones.” 

To think of such a college attempting to coax into its ranks 
men who cannot write their own name distinctly is amusing 
if nothing else. The explanation about not writing J. J. 
Jones, but John Jacob Jones, would cause many of the kind 
of men who can scarcely write their own names to write 
John Jacob Jones no matter what their name might be. 

That a school of ophthalmology and otology gets down that 
low bothers me some, but I certainly hope the mechanical 
schools will never deem it necessary to swell their ranks (and 
rank they would be) with men who have to print their own 
name because they cannot write it distinctly. It seems the 
worse because the instructions quoted are on their printed 
matter and must come from headquarters so that no poor 
hardworking agent can be made the scapegoat. Before quit- 
ting on this subject, I want to express my disapproval of the 
practice of correspondence schools of publishing a “key” vol- 
ume in which all questions asked in the examination papers 
are answered and which is only too apparently done to save 
the expense of postage and time required to answer the stu- 
dents’ questions, while at the same time it causes him to pick 
up the book for a solution to the problems rather than to use 
his brain for that purpose. CoRNEIL RIDDERHOF. 

Grand Rapids, Mich. 

ne EK 

A ferryboat plying between Long Island City and New 
York was recently put out of commission for a day or so 
by a curious accident. A fireman had been ordered to clean 
a pump in the engine room, that was giving trouble. The 
cylinder head was removed and the fireman thrust his hand 
and forearm into the cylinder bore without difficulty, but 
when he tried to remove it the trouble began. The arm stuck 
fast and struggle as he might the unhappy man could not 
loosen it. He finally shouted for help, but when it arrived 
his arm had swollen so that the combined efforts of the en- 
gineer and deckhands could not pull him loose. A surgeon 
was sent for, not with the idea of amputating the offending 
arm but to reduce the swelling so that it could be pulled out. 
His efforts were unavailing and all he could do was to ad- 
minister a hypodermic injection to reduce the pain. So 
tightly was the arm wedged that it was not considered safe 
to break the cylinder with a sledge, and it had to be sawn 
apart on one side and wedged open. It was six hours before 
the fireman was released. 
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ITEMS OF MECHANICAL INTEREST. 


LARGE TOOL HOLDERS— ADJUSTABLE JAW WRENCH— 
SPRING DRIVING BELT A GERMAN SLOTTER— 
TURRET FOR HEAVY WORK—SLOW- 
BURNING CONSTRUCTION. 

A “horrible example” of power distribution is to be found 
in a certain shop employing over 1,000 men. The power is 
furnished from thirteen boilers located at seven different 
points and fired by ten men, while the engines are of all sorts 
and descriptions, varying from old hoisting engines to plain 
slide-valve engines thirty or forty years old. There are better 

facilities in prospect, however. 


A receipt for a pipe joint cement was given by Mr. Light at 
a recent meeting of the Ohio Gas Light Association, which is 
claimed to be as effective as red lead putty for either faced 
or rough flanged pipe joints and which costs only about one- 
tenth as much. It consists of a mixture of ordinary pine tar 
and iron oxide (fine borings or turnings well rusted will 
answer the purpose) mixed to a stiff paste. It does not 
harden so quickly as red lead putty and is very adhesive 
under pressure. 


EFFICIENCY OF BOILER JOINTS. 

The weakest part of a boiler shell is the longitudinal seam. 
This cannot, of course, be made as strong as the solid plate 
with any riveted construction, but a good design of joint em- 
ploying multiple rows of rivets and cover plates, will closely 
approximate it. The Lukens Iron and Steel Company recently 
equipped their new power plant with horizontal tubular boilers 
having quadruple-riveted longitudinal seams. These are cal- 
culated to have not less than 94 per cent. of the strength of 
the solid plate. Samuel Vauclain, superintendent of the Bald- 
win Locomotive Works, has recently patented a design of 
boiler joint that has a calculated efficiency of 96 per cent. 
The weakening of the shell depends on how much of the 
material is cut away by the rivet holes; the smaller the holes 
the less it is weakened. This fact may make the use of 
nickel-steel rivets advisable in boiler construction where a 
high seam efficiency is necessary. The engineer of tests at 
the Bethlehem Steel Company has demonstrated that a nickel- 
steel rivet %4-inch in diameter is as effective as a 1%-inch 
rivet made of common steel. 


TESTS OF THE STRENGTH OF GLUE. 

Bearing on the adhesiveness of glue an item has appeared 
in a contemporary, whose name we have lost, stating that it 
may be as much as 715 pounds per square inch. In an ex- 
periment performed a force of 1,260 pounds, applied gradually, 
was found necessary to separate two cylinders of dry ash 
wood, the ends of which presented a surface equal to 1.76 
square inch, and which were glued together end to end and 
allowed 24 hours to set. Even this weight was sustained for 
two or three minutes before the joint gave way, and it was 
found, on examining the separated surfaces, that the glue 
was very thin and had not entirely covered the surface. 
The cohesive strength of glue appears, therefore, in this ex- 
periment to have been rather more than 715 pounds per 
square inch, while the cohesive strength of the wood in a 
lateral direction was found to be only 562 pounds, thus show- 
ing that if the joint had been between the sides instead of the 
ends of the pieces of wood, the wood would have given way 
before the glue. In this case, however, the glue was newly 
made and the season very dry, while in some former experi- 
ments made in the winter season with glue which had been 
frequently made, with occasional additions of glue and water, 
the cohesive force indicated was only 350 pounds to 500 
pounds per square inch. 


MAMMOTH LATHE AND PLANER TOOL HOLDERS. 

While the use of inserted cutters, in lathe and planer tools, 
is a matter of every-day shop practice, probably few machin- 
ists are aware of the size of tools of this type that are prag 
tical and profitable. 

The Western Mfg. Co., of Springfield, Ohio, sends us the 
photographs shown on the next page of large lathe and planer 
tools which they have furnished to many of the leading 
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machine shops. The lathe tool holder is 3 inches square by 
20 inches long and weighs 70 pounds. The planer tool holder 
is 3 inches square by 30 inches long and weighs 125 pounds. 


Lathe Tool Holder. 


Planer Tool Holder. 


Both holders carry self-hardening steel cutters 1% inch 
square. These are without doubt the largest tools of the kind 
ever manufactured. 


WRENCH HAVING ADJUSTABLE JAW. 

Many inventors have attempted to devise a sliding jaw 
adjustable wrench to supplant the ubiquitous monkey wrench, 
but their efforts have generally met with indifferent success. 
It is true that there are pipe wrenches of this type that are 
fairly successful, but they belong to a class of tools that 
apparently must be somewhat cumbersome to perform the 
work required of them. A sliding jaw wrench for bolts, other 
than the monkey wrench, that will compete successfully with 
the latter, is yet to be devised. A German effort in that di- 
rection is illustrated in the cut. The principle on which it 
works is so clearly shown that a long explanation is unneces- 
sary. One advantage it has is that a nut or screw head is 
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Adjustable Jaw Wrench. 


firmly gripped in one direction and promptly released when 
the handle is moved in the opposite way. This is all right 
within limits, but likely to be somewhat exasperating when 
one works in a constrained place where only one hand can be 
used to operate the wrench. Again, the angle at which the 
jaws stand relative to the handle, varies with the size of the 
nut. It is unnecessary to point out the nature of this defect 
to those who appreciate the advantage of the 15-degree angle 
jaws as found in drop-forged wrenches. There seems to be 
little likelihood that anything better can be devised for the 
machinist’s use than a set of good case-hardened solid jaw 
drop-forged wrenches and his old friend and companion, the 
monkey wrench. 


COIL SPRING DRIVING BELT. 
The use of stee] wire coils for driving belts is something of 
a novelty—in this country at least. The illustration, Fig. 1, 
shows a German driving belt for light power that is made of 
wire closely coiled like a helical spring. In fact it is a 
spring, being made of tempered steel wire, and its elasticity 
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is what makes it available as a power transmitter in place 
of leather or rubber belts. It is recommended by the maker, 
Gustave Pickhardt, Bonn a. Rh. for lathes, steam engine 
governors, sewing machines, tachometers, revolution count- 


Sa 
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Spring Driving Belt. 


ers, etc. Its use for lathes and other machine tools would, 
of course, be limited to those requiring little power such as 
bench, precision, watchmakers’ and other foot-power lathes, 
sensitive drills, etc. 


SLOTTING MACHINE OF GERMAN DESIGN. 

A slotting machine containing some interesting features 
and illustrated in Figs. 1, 2 and 3, is made by the Berliner 
Werkzeugmaschinenfabrik A.-G. formerly L. Sentker. The 
ram is screw driven and is not counterbalanced. The driv- 
ing screw N, Fig. 3, has ball thrust bearings and is driven by 
bevel gears and a short intermediate shaft M from a trans- 
verse shaft on which are mounted the tight pulleys A A’ and 
loose pulleys B B’, Fig. 2. The ram, of course, normally 
works in a vertical position, but it may also be operated in an 
angular position, as provision is made to shift it around an 


A German Slotter. 


Bigs. 


axis coinciding with that of the horizontal shaft M, about 30 
degrees each side of the vertical line. A worm and section 
of wormwheel are provided for shifting it, and four clamping 
bolts for holding it in any position. The chief feature of 
interest aside from the driving mechanism is the method of 
ram reversal. The transverse driving shaft is continued 
through the column and is geared to the upper end of a verti- 
cal screw Q, Fig. 3, on which is mounted a nut R. This nut 
has the same length of traverse as the slide and moves in the 
same direction coincident with it. The points of reversal 
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are determined by the positions of the dogs or stops 8 which 
are clamped to the vertical shifter F. A handle is also 
fastened to the shifter for the convenience of the operator. 
Some other interesting details may be noted from the illus- 
trations, which were taken from the Zeitschrift des Vereines 
deutscher Ingenieure. 
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SLOW-BURNING CONSTRUCTION. 

The “slow-burning construction,’ so frequently employed 
in the best factory buildings, has a wonderful capacity for 
resisting the ravages of fire. The heavy timbers which con- 
stitute the columns and floor beams, and the thick plank floor- 
ing, often stand up under the intense heat of a fire better than 
the so-called fireproof construction of structural steel, covered 
with non-conducting material. The heavy wooden timbers 
char, but do not burn through for a long time, while the steel 
members of the fireproof buildings warp and twist out of 
shape. Mr. J. A. Brown, superintendent of building inspec- 
tion, Pittsburg, gives an example of a fire in a nine-story 
building of the slow-burning class. He says the building was 
packed with furniture from bottom to top and the goods in 
the three upper stories were practically burned up. On the 
seventh floor was stored a very large quantity of chair ma- 
terials, packed from floor to ceiling. This material was all 
consumed, leaving on the floor ashes or charcoal from sixteen 
to eighteen inches in depth. The wooden beams or girders 
of the floor above the same, being 10 x 14 in size, were only 
partially destroyed; some of them burned half way through, 
none of them entirely. The fire in this story burned fiercely 
for about four hours. 


TURRET CONSTRUCTION HAVING UNLIMITED CAPACITY 
FOR LONG WORK. . 


The ordinary turret cannot handle work quite as long as its 
diameter when all the holes are occupied by tools. A number 
of designs of turrets have been made to give unlimited 
capacity to the length of piece being worked regardless of 
whether all the tool holders in the turret are occupied or not. 
One form of construction used in the shop of an Eastern 
manufacturer of brass goods offsets the turret so that the 
center line of the lathe spindle passes by the side of the 
turret. The tools are fastened on its side and operate on 
the work as it passes by. Another design of recent date 
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Detail of Head of German Slotter. 
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employs a ring turret that surrounds the lathe bed and 
rotates on a horizontal axis. The accompanying cuts show a 
recent German lathe design (Pittler) in which the turret is 
mounted so that its axis is inclined at an angle of 45 degrees 
to the spindle axis. The holes in the turret are inclined at 
the same angle to the base and so they are separated by an 
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Fig. 3. 


angle of 90 degrees, that is, opposite holes. The bevel gear 
ring by which the turret is turned, allows the work to pass 
through without interference; therefore, an indefinitely long 
piece may be turned or threaded. This construction is very 
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Turret for Long Work. 


similar to that of a tailstock turret made by the W. F. & John 
Barnes Co. for several years past. In this turret, however, 
the angle of inclination is 30 degrees and no provision is 
made for long work to pass through. 
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CONTRIBUTED NOTES AND SHOP KINKS. 
TRUING WORK IN A CHUCK. 

John Aspenleiter, Cincinnati, Ohio, sends us a kink for 
truing up work in a chuck when a number of disks, flanges 
or pieces of that nature are to be bored. 

As all machinists know, a great deal of time is often wasted 
in getting the face of the work to run true in the chuck. To 
remedy this difficulty, three holes are tapped in the face of 
the chuck, between the jaws, and a setscrew with check nut 
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provided for each hole. If the screws are set correctly for 
the first piece and then locked with the check nuts, all that 
is necessary for the following pieces is to butt them up 
against the screw heads and they will run all right. 


A “NEVER-SLIP” LATHE DOG. 

Warren O. Rogers, Brockton, Mass., writes: 

Some years ago, when I was employed as a machinist, among 
the petty annoyances that would occur was that caused by the 
slipping of the dog on round work, supported in the lathe 
centers. I had, however, never seen anything to obviate this 
dificulty until a few days ago, when I saw a dog that over- 
came the trouble in a very satisfactory manner. I think 
this may be of interest to some of the readers of MACHINERY. 

As is shown in the sketch, the dog consists of two straps A 
and B, which are jointed at one end by a dovetail and pin (, 
while the opposite ends may be drawn together by the nut 
and screw D, thus gripping the work. The pin C projects from 
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Lathe Dog. 


one side and is used for driving the work. A dog of the 
dimensions given is suitable to use with work from %4 inch 
to 2 inches in diameter. 

With this dog, if the work has a tendency to slip, it simply 
forces itself toward the apex formed by the jaws and thus 
increases the grip of the dog on the work. 


CUTTING KEYWAYS IN A LATHE. 

John Aspenleiter, Cincinnati, Ohio, says that in a small shop 
where there is no shaper, or where the shaper is in use, and 
it is necessary to cut a small keyway in a shaft, the job can be 
done in a lathe in a quicker and more satisfactory manner 
than by chipping and filing. Put the shaft on the centers, as 
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shown in the sketch. Place a lathe dog on the end of the 
shaft toward the tailstock and another on the tailstock 
spindle. Clamp the tails of the two dogs together, thus pre- 
venting the shaft from turning, yet leaving the live center 
free. Now put the tool in the tool post with the cutting edge 
facing the headstock. Gear up the lathe to give the proper 
cutting speed and use the leadscrew to drive the carriage 
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Lathe Arranged for Cutting Keyway. 


the same as when chasing a thread. At the end of each cut 
pull out the tool by the cross feed screw and return the car- 
riage for another cut. 

If the keyway is very short, the carriage can be fed by hand, 
but for cutting a keyway of any length it is preferable to use 
the leadscrew. 


CENTERING WORK IN STEADY REST. 
J. W. 8. sends a “kink” for ascertaining if work is central 
when placed in the steady-rest. He first removes the jaws 
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and then with a tracing tool, held in chuck or fastened to 
the faceplate, he describes the circle BB on the body of the 
rest. The work is then easily centered by measuring to this 
circle. 


PROPORTIONS OF LINK ENDS. 

Robert §. Brown sends a sketch of a steel link end which 
has proved very satisfactory for use on automatic machinery, 
engine link motions, etc.; as it gives a finished appearance 
without costing too much to manufacture. The spherical end 
may be turned in any lathe which has a swivel tool carriage; 
or an attachment for turning hand wheel rims, in which the 
tool point is moved in a circular path, will answer. 


Industrial Press,|N. ¥. 


The dimensions are: 

A = diameter of link at body. 

B=1% D + % inch. 

C=A + 1-16 inch. 

1D aos 

The flat spot B will be seen to give as much bearing as is 
found between flats on a standard hexagon nut of the nominal 
size of D. 
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NEW TOOLS OF THE MONTH. 


A RECORD OF NEW TOOLS AND APPLIANCES FOR MACHINE SHOP USE. 


DUPLEX TRAVELING HEAD SHAPER. 

The traveling head shaper shown in the engraving has 
been brought out by the Morton Manufacturing Co., of Mus 
kegon Heights, Mich., and embodies several new and useful 
features. The shaper is electrically driven and operates on 
the “draw cut’ principle. 

This machine has 36-inch stroke, 30-inch vertical feed on 
the column, and the length of the bed is 14 feet. It is bui! 
either single or double-headed and furnished with one or two 
tables as the case may require. When it is desired, the tables 
may be constructed to raise and lower for purposes of ad- 
justment. 

The machine has automatic feeds in both directions and is 
also provided with means whereby the aprons and columns 


The countershaft is provided with a friction clutch and is 
stopped and started instantly at any part of the stroke by 
means of a lever provided for this purpose, which brings the 
machine under complete control of the operator. 

The friction feed is of the automatic relieving type and is 
positive in its movements. 

The aprons are counterbalanced by a special coil spring 
arrangement inclosed in the cylindrical casing at the top of 
the column. The rail bearings on all portions of the machine 
are square and the gibs employed are of the taper type. 

One commendable feature of this shaper in which it differs 
from any other that has ever been produced before, is that 
of the vertical feed on the column, which enables the ma- 


chine to take vertical side cuts and makes it well adapted 


Duplex Traveling Head Shaper. 


may be moved by power, either vertically or horizontally 
when adjusting them to the work. The movement of the 
column on the bed is obtained by a screw which remains 
stationary, the nut revolving. The apron of the shaper is 
gibbed and fitted to the vertical column, and the vertical 
adjusting screw is also stationary, being operated with a 
revolving nut. These revolving nuts are fitted with ball- 
bearing thrust collars. 

The ram is square and has a bearing on all four sides, wear 
being taken up with taper gibs. The stroke is adjusted by 
tappets on a circular disk and a suitable lever is provided 
whereby it may be reversed at any part of the stroke. The 
reciprocatory motion of the ram is obtained by two friction 
clutches, one being operated by an open belt and the other 
by a cross belt. It has a quick return stroke of three to one. 


for internal work. The head may be removed and a special 
head, shown in Fig. 1, secured to the end of the ram so that 
internal slotting may be accomplished with this tool. Hach 
head is driven independently, so that either one may be 
brought into action and operated entirely independent of 
the other. Both heads obtain their feeding power with re- 
volving nuts from the same screw. 

A particular advantage with this style of shaper is that 
one head can be operated on a piece of work 30 inches above 
the table, while the other head may be operated at any inter- 
mediate point. 

The illustrations, Figs. 2 and 3 on the next page, show 
this shaper machining an opening in a solid end connect- 
ing rod. It will be noticed that a _ suitable adjustable 
chuck is provided for holding the end of the rod to be ma- 
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chined, and a support A is placed between the top of this 
chuck and the column of the shaper. This allows the ma- 


chine to be fed vertically or horizontally. When machining 
the opening, a cut may be taken across the bottom, then the 
head turned ninety degrees and a cut taken up the side; it 
can then be changed and a cut taken across the top and an- 
other change made and a cut taken down the end. 
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saw blade is driven by a gear or sprocket wheel engaging 
with the teeth formed on the periphery of the blade, and 
arbor-driven saws, on which the saw blade is driven by 
a central mandrel or arbor, Both types are made either as 
cut-off saws, having a short travel and especially suited tor 
cutting bars and structural shapes; or as universal saws in 
which the travel of the blade is longer and the machine is 
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Traveling Head Shaper Operating on a Connecting Rod. 


enables the opening of a connecting rod to be planed out 
on all four sides, the rod remaining in a stationary position. 

As will be seen in Fig. 2, the outer end of the rod is sup- 
ported in a suitable chuck placed on the second table of the 
machine. When but one table is furnished an adjustable 
jack, shown in Fig. 3, is used for this purpose. 

It will be seen that with the automatic feeds on the 
column and the range which the shaper has, a 
great deal of irregular work may be accomplished 
which has heretofore been difficult to reach with any 
tool. 

It may also be used in the capacity of a port- 
able shaper, as with the vertical adjustments on the 
column, it is adapted to be used in connection with a 
floor plate, in planing off spots on large castings, pil- 
low blocks for medium-sized Corliss engine frames, 
etc. The plate on the front side of the column is 
planed so that a suitable bearing may be placed in 
between the work and the frame of the machine, 
thereby putting the thrust of the cut directly against 
the column. 

This shaper is very heavily geared and capable of 
taking a cut of 114 inch deep in steel, with 1-16 inch 
feed. 


NEW LINE OF COLD SAWS. 

The Q. & C. Co,, Chicago, Ill., have recently brought out 
a line of metal cutting machines embodying several improve- 
ments over those formerly built by them. They manufacture 
two types of these machines—“Bryant” saws, in which the 


fitted with an upper side table on which the work can be 
cut off for the entire length of the travel of the saw blade, 
while they are also arranged with V-blocks and lower tables 
for cutting bars and shapes. 

The illustration shows one of the Bryant type of saws 
operated by an electric motor. 


They are also manufactured 


Bryant Cold Saw made by the Q. & C. Co. 


for belt driving. Any machine can, when desired, be mounted 
on a circular base, which can be completely rotated by rack 
and pinion, this being a very desirable feature where there 
is not sufficient room for swinging a long beam. Lateral 
adjustment of side tables can be furnished, if required, so 
that work can be adjusted for cutting after being secured. 
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The tables, on all machines, have been so arranged that 
work can be placed most advantageously for cutting with 
minimum distance of blade travel, the longer slide tables 
being of sufficient length to properly support beams when 
being cut off at any angle up to 45 degrees. 

All machines are fitted with friction feed, giving an autc- 
matic feed, variable with the machine in motion, from 14 inch 
to 1 inch per minute on the Bryant saw and from 3-16 to 
13-16 inch per minute on the arbor-driven saws. 

The universal type of machines is fitted with a power 
return movement. 

The “Bryant” saw carriage is in two parts, the sprocket 
shaft bearing being cast in one piece with the worm gear 
hood, and movable 214 inches toward the axis of the blade, 
allowing for a wear of 5 inches in its diameter. The sprocket 


is removable, and all sprockets on these saws are inter- 
changeable and readily replaced. 
All gears, in both types, are entirely inclosed, thereby 


avoiding dust and lessening liability to accident. 


ELECTRICALLY-DRIVEN DISK GRINDER. 


The George Gorton Machine Co., Racine, Wis., have designed 
their No. 6 B disk grinder for electric driving. The machine 
has a pedestal cast in one piece, heavily ribbed, internally, 
and is provided with a dust-proof, automatically ventilated, 
5 horse power compound-wound motor. The arbor is of hard 
tool steel and the armature is mounted upon a conical bearing 
upon the arbor so that it may readily be removed without 
driving. The machine is dust-proof throughout and particular 
attention has been given to the matter of lubrication. ‘The 
tool is provided with the company’s standard feed works upon 
each table. The handwheels register in thousandths of an 
inch and are provided with adjustable stop. The left-hand 
table is adjustable in degrees to the face of the disk and both 
tables are provided with protractors reading in degrees, which 
are quickly detached when desired. Each table may he ad- 
justed vertically and is balanced, and is automatically main- 
tained in swinging balance regardless of vertical adjustment. 


Electrically-driven Disk Grinder. 


Each machine has four 18-inch steel disks, accurately fin- 
ished, a cementing press for the same being provided, with 
positive means for raising the steel disk from the lower press 
flange. A water pan is furnished, with a shelf at the rear hav- 
ing a pocket for wrenches, which are also provided. The 
net weight of the machine is 2,100 pounds. 


NEW DOUBLE SPINDLE MILLING MACHINE. 
The Beaman & Smith Co., Providence, R. I., have brought 
out a milling machine having two vertical spindles, illus- 
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trated herewith. It consists of a substantial bed on which is 
mounted a table, and to which uprights supporting the cross 
rail for the milling heads are firmly attached. The features 


of the machine are clearly shown in the illustration and it 
will not be necessary to do more than give the general specifi- 
cations. 

The table is 36 inches wide, 8 feet long, and in addition to the 


Beaman & Smith Double Spindle Milling Machine. 


usual feeds by means of a screw, it is provided with quick 
power movement in either direction. On the cross rail are the 
heads carrying spindles, which are provided with horizontal 
adjustment by means of screws. 

The spindles are driven by a 38-inch belt on a four-section 
cone through gearing in the ratios of 414, 10, 19 and 40 to 1, 
providing spindle speeds from 6 to 91 revolutions per minute 
in either direction. They are also provided with independent 
vertical adjustment of 3 inches. 


A NEW SURFACE GAGE. 

The Sawyer Tool Mfg. Co., of Fitchburg, Mass., have brought 
out a new surface gage provided with micrometer adjust- 
ment. The sides of the base are ground parallel and true 
and upon the upper surface are two bosses for use in planer 


Improved Surface Gage. 


The base is slotted so that the 
spindle can be revolved through three-quarters of a circle, 


bed slots or similar positions. 


thus giving a wide range of adjustment. The clamp upon the 
spindle holds a block which can be swung either up or down 
to any desired angle and clamped solidly in position. A 
knurled thumb screw, on the under side of this block, holds 
the needle or scriber in position; while a knurled head, on the 
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upper side, gives the needle an up-and-down parallel motion, 
This motion will be appreciated as a very desirable feature of 
the gage. The knurled head in front clamps the needle 
rigidly when the adjustment has been made. 


THE BATH AUTOMATIC, UNIVERSAL COMBIN- 
ATION GRINDER. 

Figs. 1 and 2 show a new design of an automatic univer- 
sal combination grinder, which is being manufactured by 
the Loop-Lock Machine Co., of Waltham, Mass., successors to 
the American Watch Tool Co., under the direction of the 
inventor, Mr. John Bath. The machine is being placed on 
the market by Messrs. Hill, Clarke & Co , of Boston, New York, 
and Chicago, 

Fig. 1 shows the machine arranged for cylindrical grinding. 
The wheel is guarded by an adjustable band and provision 
is made for the use of water. 

The knee and frame of the machine are so constructed that 
all water returns by the trough, shown around the base of 
machine, to the tank. This attachment is so constructed that 
it takes away all the water, producing no slop around the 
machine. 

The wheel head is carried by a vertical arm, the top por- 
tion of which is threaded, and is moved up and down by a 
combined hand wheel, nut and dust cap. This is provided 
with a micrometer adjustment. The head is also gibbed to a 
vertical slide which provides rigidity in any position. 

The swivel plate has two slots which permit of the head- 
stock, footstock or attachments being removed without any 
interference with the head of the clamping screw which pre- 
serves the set alignment of the swivel plate. The two slots are 
also useful in clamping work for surface grinding. 

Fig. 2 shows the knee swung around the column in position 
for surface work, and also the new automatic longitudinal 
feed. The feed is driven from a drum above, in the counter- 
shaft, to a cone pulley at the side of the knee. When in 
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Fig. 1. Bath Grinder arranged for Circular Grinding. 


use for cylindrical work the belt runs on large step of cone, 
and for surface work on small step, which gives the higher 
speed required for surface work. 

The power cross-feed attachment for surface work is also 
shown. It is so constructed that either one or two pawls may 
be engaged at the same time, and adjusted to give a fine or 
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coarse feed. The feed ‘may be quickly disengaged by the 
knurled knob back of the large hand wheel. 

At the front of the bottom slide is an enclosed box apron 
having a removable top cover, so that all the inside workings 
of the feed are accessible for inspection or adjustment. 


Fig. 2. Bath Grinder arranged for Surface Grinding. 


In addition to its use for cylindrical and surface grinding, 
the machine is provided with numerous attachments that fit 
it for internal grinding and for grinding all kinds of milling 
cutters, reamers, twist drills, and lathe tools. 


NEW HYDRAULIC PRESSES. 

Figs. 1 and 2 on page 116 show two new hydraulic presses de- 
signed by Mr. Chas. F. Burroughs, which are being built and 
sold by the Charles F. Burroughs Company, of Newark, N. J. 

These presses were originally intended for jewelers’ use, for 
die sinking and similar purposes, but they are not confined td 
this field as they may be adapted to almost any purpose where 
hydraulic machinery is required. 

- The press consists of but three principal parts, the cylinder, 
plunger and platen; and the entire press rests upon a substan- 
tial base which contains the water used for raising the ram. 

The cylinder may be copper lined or not, as the duty may 
require. A particular feature of the presses is that the cylin- 
der, rods and head are all in one piece. 

The smaller press, shown in Fig. 1, is arranged to be 
operated by the hand pump shown on the side. This pump 
contains an external and internal piston. The external piston 
is used to give a large quantity of water at a low pressure, 
after which it is securely locked down by means of the small 
handle, shown under the main lever, and at the same time the 
smaller internal piston is released, thereby enabling the 
operator to obtain the required high pressure. 

Fig. 2 shows a press constructed after the manner of the 
smaller one, but with the pump arranged to be operated by 
power. This pump consists of an internal and external piston 
the same as the hand pump, except that the larger piston is 
actuated by the springs shown under the pump. These 
springs are sufficiently powerful to raise the press ram and 
give low pressure per square inch, after which they remain 
extended with the large pump piston at its upper stroke. The 
small internal piston continues to work, giving the required 
high pressure. 

The power pump may be attached to the smaller press Th ett 
is desired. 
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Fig. 1. Hand Hydraulic Press. Fig. 2. Power Hydraulic Press. 


The small press has a capacity of 300 tons and weighs but 
1,275 pounds; the larger press has a capacity of 500 tons and 
weighs 2,300 pounds. The floor space required for the small 
press is 14% by 11% feet and for the larger 214 by 214 feet. 


DISK GRINDING ATTACHMENT FOR TWIST 
DRILL GRINDER. 

L. S. Heald & Son, of Barre, Mass., have brought out an at- 
tachment for their twist drill grinder in the shape of a disk 
grinding attachment which is substituted for the thinning 
attachment frequently sent out on these machines. This 
disk grinding attachment consists of a large plate about 12 
inches diameter, together with a suitable table which can be 
tipped to make any angle with the face of the wheel and 
oscillates on the end of the sleeve, back and forth on the 
wheel face; or it may be clamped rigidly in any particular 
position. 


Disk Grinding Attachment. 


This attachment is designed for grinding and polishing in 
those shops where the amount of work is not of sufficient 
quantity to warrant the installation of a regular disk grind- 
ing machine. 

This fixture is capable of being attached to any of their 
twist drill grinders now in use. 
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October, 1902. 


COLD SAW CUTTING-OFF MACHINES. 


A new line of cold saw cutting-off machines is being built 
by the Espen-Lucas Machine Works, of Philadelphia, after the 
design of Mr. W. H. Lucas. These machines are being built 
for cutting bar steel and I beams, and there are three sizes 
of each pattern. The clamp is swiveled so that it can be 
quickly adjusted to odd shapes or for cutting on angles. Saw 
blades 3-16 inch in thickness and 22 inches in diameter are 
used. The feed is automatic, with automatic safety stops 
controlling the depth of cut, and is variable from 14 inch to 
1% inch per minute. The lubrication of the saw is pro- 
vided for by an oil box in which it constantly revolves. 


Ryo Se 


ADVERTISING LITERATURE. 


THp FRANKLIN MACHINE WORKS, Philadelphia, Pa. Illustrated 
catalogue of horizontal floor boring, milling and drilling machines. 
Also of cold-saw cutting-off machinery and of plain milling machines. 

ScoumAcHHR & Boyn, Cincinnati, O. Special circular descriptive 
of their 36 and 42-inch triple-geared and back-geared engine lathes. 
The circular contains a number of fine illustrations of these lathes 
and a full description of same. 


Tuam STANDARD Toon Co., Athol, Mass. 1902 catalogue of me- 
chanics’ fine tools. These include surface gages, steel squares, try- 
squares, depth gages, bevel protractors, straightedges, calipers, 


dividers, etc. 

Tun BraprorD MAcHINE Toon Co., Cincinnati, O. Circular of 
their 16-inch engine lathe, containing a full description of this lathe 
and a cut of same. ‘he lathe is also made in 14, 18, 2a, 26,28 and 
32-inch sizes. 

THe NortHERN ExecrrrcAL Mra. Co., Madison, Wis. Bulletin No. 
29 of the “Northern” multipolar motors. The motors and their 
various parts are fully described and illustrated, and the booklet 
shows in a very complete manner the variety of “Northern” apparatus. 

Tap New Haven Mre. Co., New Haven, Conn. Catalogue A of iron- 
working machine tools, including iron planers, from 20. to 60 inches 
wide; engine lathes, from 18 to 65 inches’ swing, and drilling ma- 
chines, 28 to 40 inches’ swing. The catalogue is handsomely illus- 
trated. 

Wyman & Gordon, Worcester, Mass. Pamphlet giving a short 
account of the life of Sir Henry Bessemer, of Bessemer steel fame, 
and calling attention to the Steel forgings manufactured by the 
company. These are made by drop hammer, steam hammer and 
hydraulic press. 

THe LUNKENHBPIMER Co. Cincinnati, O. Illustrated catalogue and 
price list of brass and iron valves, injectors, whistles, lubricators and 
steam specialties. This catalogue contains 208 pages, is fully illus- 
trated and will prove valuable to prospective purchasers of such 
specialties. The catalogue can be procured gratis by addressing the 
company. 

Tun GARVIN MACHINE Co., New York. Catalogues Nos. 10, 12 and 
14 of the series issued by this company. No. 10 treats of their 
screw machine tools and attachments; No. 12, of duplex drill lathes, 
hand lathes, slide rests and spring coilers; and No. 14, of their 
special machinery. No. 14 also contains a general index of the 
company’s products. 

Tap HAypeNn & Derby Mre. Co., 85-89 Liberty St., New York. 
Illustrated catalogue of the “Metropolitan” automatic injectors, 
Metropolitan 1898 injectors, and Metropolitan double tube injectors 
manufactured by this company. Also of the H. D. ejectors and of 
other jet apparatus. The catalogue contains, besides, much useful in- 
formation relative to injectors and ejectors, and will be sent to any- 
one interested. 

THE WorcESTER HuMEeRY WHEEL Co. 
the emery and corundum wheels, for 
factured by this company. 


Worcester, Mass. Circular of 
fine and rough work, manu- 
Silicate or semi-vitrified wheels, and 
thin elastic wheels for light grinding or for the grinding of thin, 
hard stock are also made; and the company also take orders for 
wheels for special work. A table of grades of emery for various kinds 
of work and one of the different speeds of emery wheels are given in 
the circular. 


MANUFACTURERS’ NOTES. 


Tae AUTOMATIC MAacuine Co., Greenfield, Mass., manufacturers of 
machine tools, are building a new shop 120 feet square, with a wing 
25 x 40 feet. They expect to move in about October 1. 

Tap BAusu MAcHINE Toon Co., Springfield, Mass., manufacturers 
of multiple spindle and radial drills, ete., are adding to their foundry 
a storeroom and a room for tumbling barrels 30 x 75, 17 feet high. 

Tue JosppH Dixon CrucrBiE Co., Jersey, City, N. J., have gotten 
out an ingenious color chart for so displaying the colors of Dixon’s 
silica-graphite paint as to give an exact idea of each color. The 
chart also contains instructions for applying the protective paint. 

Tap Wurron Macuinr Co., New London, Conn., manufacturers 
of the Whiton revolving centering machine, are building a foundry 
66 x 127 feet, and an adition to their machine shop 35 x 80 and 50 
x 54 feet, three stories high. 

Ix the advertisement of the Wm. HE. Gang Co.’s improved radial 
drill in our September number, page 33, an error appears ims uae 
first paragraph. Instead of reading “The arm is of one section, well 
ribbed,” it should have been “The arm is of bow section, well ribbed.” 

Tun CLING-SurFAcE Mre. Co., Buffalo, N. Y., send us a copy of a let- 
ter received by them from the Dominion Motor and Machine Co., of 
Toronto, expressing their satisfaction with Cling-Surface, and stating 
that by its use they save from 5 to 10 per cent on their horse 
power. 

Tun Loop-LocK MACHINE Co., of Boston, have acquired the plant, 
business and good-will of the American Watch Tool Co., Waltham, 
Mass. The manufacture of precision machinery, compound punches 
and dies, watchmakers’ lathes and attachments will be continued by 
the Loop-Lock company, to whom all checks are now payable. The 
president of the new corporation is H. N. Fisher; the treasurer, S. 
A. Barton. 

Tun HAMPDEN CoRUNDUM WHBEEL Co., Springfield, Mass., whose 
works were destroyed by fire some months ago, now have their new 
plant in full operation. The buildings are all of brick, of modern 
construction, and both the office and works are thoroughly equipped 
throughout. The main building is 80 x 136, four stories and connected 
with it by bridges are the office and storeroom 50 x 120. The kilns are 
of the latest design, of two and one-half times the former capacity, 
and they effect a great saving in fuel over the old ones. 

Tup BrapLtey Co., Syracuse, N. Y., manufacturers of upright ham- 
mers, have commenced work on a new machine shop 80 x 260, one 
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ALL LEADING HARDWARE DEALERS CARRY OUR TOOLS IN STOCK 
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story high; a forging room 50 x 100, and a building for office, pattern 
and drafting room 50 x 80, which they expect to have ready for 
occupancy next August. The new plant will be located on a three- 
acre plot of ground which they recently purchased near the West 
Shore Station and within a stone’s throw of the center of the city 
of Syracuse. 

Tur AMERICAN SCHOOL OF CORRESPONDENCE, Boston, Mass., have 
made arrangements with the Armour Institute of Technology whereby 
the Institute will co-operate with the American School in the instruc- 
tion of their students by correspondence. The American School is 
located on the Armour Institute premises at Chicago, but remains 
a separate institution under its own management. The students’ 
examination credits will be counted toward a degree at the Armour 
Institute, and they will be admitted to classes at_ the Institute in 
the subjects in which they have passed by correspondence. 

Tun STANDARD ROLLER BwARING Co., Philadelphia, Pa., are building 
shops on a three-acre plot of ground at the corner of 48th Street and 
Girard Avenue, facing the P. R. R. One building will be 200 feet long 
and 150 wide, and the other principal building will be 200 feet long 
and 60 feet wide, three stories high. These buildings, with those al- 
ready on the property, will give a total floor space of about 80,00U0 
square feet. The new shops will be equipped with the latest and best 
machinery for the manufacture of ball and roller bearings, and will 
include a department for the manufacture of balls. The superin- 
tendent of the ball department will be Robert H. Grant, formerly of 
the Grant Ball Company. ‘The plant will be ready for operation 
about November 1st, when it is expected that about 300 men will be 
employed. 

Tun FITCHBURG MACHINE WorkKS, Fitchburg, Mass., under the 
management of Mr. F. B. Manville, formerly of Waterbury, Conn., 
have taken on a new lease of prosperity and are now running twenty- 
three hours a day, with orders for several months ahead. ‘The plant 
is being thoroughly overhauled, new tools are being put in where 
needed and the works brought up to date. A Gisholt lathe has been 
ordered, and a universal grinding machine and a large vertical milling 
machine of the planer type will soon be bought. Manning, Maxwell 
& Moore handle the entire output of traveling head shapers, hori- 
zontal boring mills and countersinking drills for boilermakers. Je 
J. McCabe and the Marshall & Huschart Machinery Co., in combina- 
tion, sell the entire output of their 14-inch to 60-inch lathes. The 
manufacture of pianers has been discontinued. 
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Advertisements in this column, 25 cents a line, ten words to a line. 


The money should be sent with the order. 


AGENCY WANTED for high-class engineers’ and woodworkers’ 
tools by thorough engineer with own workshop. Power in showroom. 
Good connections in England. Established in 1876. W. ROBERTSON, 
Engineer, Hccles, near Manchester, England. 


FOR SALE CHEAP.—Two colored charts, A. and B., for scientific 
tool tempering, explaining tempering in oil, water and tallow, and 
telling what each tool will stand. Also, 40 new steel working 
methods for forging and welding different kinds of steel and five of 
the best steel welding compound receipts on earth. All new and 
up-to-date. Send for free samples. The two charts and the 40 new 
methods for $1.00. Address W. M. TOY, Sidney, O. 


FOR SALE.—The first six volumes of MAcnHINERy. Address G. 
H. G., care of MAcHINERY, 15 Murray Street, New York City. 


INVENTOR’S MODELS built and perfected, special machinery de- 
signed and built, small parts duplicated. Let us quote prices. FF. J. 
STOKES MACHINE CO., Philadelphia, Pa.; New York, representative, 
FRANK P. WISNER, 46 Cliff St. 


MANHATTAN TYPHEWRITHR FOR SALE—Same size and key- 
poard as Remington No. 2. Used about two years and in good run- 
ning order. Price $25. Address INDUSTRIAL Pruss, 15 Murray St., 
New York. 


MECHANICAL ENGINEER, 24 years old, energetic, ambitious, 
technical graduate, 5 years’ experience in shop and drawing room, 
good constructor and draftsman, desires to make a change December 
1 or earlier, and is looking for a good position with chances of ad- 
vaneement with concern in or near New York City. Address GRADU- 
ATR, care of MACHINERY, 9-15 Murray St., New York. 


SPECIAL TOOLS, models, fine light machinery and foundry work 
wanted. MURRAY MHEG. CO., Richmond Valley, Staten Island, N. Y. 


SWEDISH-AMERICAN FOREMAN.—Wanted, several first-class 
Swedish-speaking machine shop foremen, weil up to date, in modern 
shop practice. Apply in Swedish, stating age, experience and wages 
ecpece Address AKTIEBOLAGHT SEPARATOR, Stockholm, 
Sweden. 


TO EXPORTERS OF MACHINERY TO RUSSIA.—The Toula 
Manufacturing Company, Limited, at Toula, in Central Russia, beg 
to inform American makers and engineers, who might be desirous of 
having their products manufactured in Russia itself, that they are 
prepared to undertake any orders that might be intrusted to them. 
The Toula factories include a cast-iron and steel foundry and newly 
fitted-up works with all the most modern appliances, including a large 
quantity of American machine tools, for constructing machinery of 
every description. The arrangement enables the company to undertake, 
under the most favorable conditions, the manufacture of all descriptions 
of machinery, machine tools, agricultural machines and specialties of 
all kinds. Address communications to: LES ATELIERS DE TOULA, 
SCCIETE ANONYMBE, 299 Chaussée d’Anvers, HKrussels, Belgium. 


WANTED.—Mechanical draftsman with experience in machine tools, 
such as punching and shearing machinery, bending rolls and steam 
hammers. Give experience, reference and salary expected. Address 
MECHANICAL, care of MACHINERY, 9-15 Murray St., New York. 


WANTED, in the publication department of a large machinery 
manufacturing concern in New Wngland, a young man to prepare all 
literary matter, edit a monthly engineering magazine, supervise all 
illustrative work and conduct the advertising. Much be technically 
trained, a master of good Hnglish, and experienced in the work above 
outlined. A permanent, growing position for the right man. State 
experience, submit samples of work and specify salary expected. Ad- 
dress PERMANENT, care of MAcHINmuRY, 9-15 Murray St., New York. 


WANTED.—Foreman polisher by a medium heavy machine tool 
concern employing 250 men; located 150 miles from Chicago. Splen- 
did shop in city of 25,000 people. A man who is a good hard worker ; 
who can take charge and can also keep busy himself. Only a married 
man of ambition and who is looking for a permanent position need 
ae pneters Box No. 54, care of MACHINDRY, 9-15 Murray St. 
New York. : 


“Does All That Was 
Claimed For It.” 


ai <a We could’nt have a 
om” ’ i better recommenda- 


HT 
NG 


tion for the Warden 
Filter than that con- 
tained in the reason 
given bya customer for 
sending a duplicate 
order—that the filter 
did all that we claimed 
for it. That’s the way 
we sell them—on their 
own merit. If they 
don’t do just what we say we stand 
ready to take them back, and no ex- 
pense to you. If you are interested in 
oil saving let us send one on trial. 


\ 


HAMILTON, OHIO. 
The Burt Mfg. Co., Akron, Ohio. 

Gentlemen :—I am instructed by the President of this 
Company who is also President of the Hamilton Electric 
Light Company, to order for their use a duplicate of the oil 
filter which you furnished for this Company a short time ago. 
Your filter does all that you claim for it, and hence, the 
duplicate order. 

Kindly make this shipment as promptly as possible, and 
oblige, Very truly yours, 

THE HAMILTON OTTO COKE CO. 
Per GEO. WHIPALL, Supt. 


Shelby & Co., London, E. C , Eng., Sole Agents for Great Britain. 


The Burt Mfg. Co. 


Akron, Ohio, U.S. A. 


“MustHave Another 


The Burt Exhaust Head 
has nearly as many friends 
as the filter, because in its 
own field it is just as good 
as the filter is, and where 
we sell one, it is usually 
a case of “must have 
another” if the customer 
has any possible use for 
another. The Burt is a 
modern exhaust head built to meet the 
requirements of a modern steam plant, 
and never fails to give satisfaction. 
Sold on the same terms as our filter— 
if it don’t do the work, send it back. 


MARINETTE, WIS. 


Main & Howard Sts., 


The Burt Mfg. Co., Akron. Ohio. 

Gentlemen :—Please send us one ro in. Rurt Exhaust 
Head, same as shipped_us in December. We assume the 
price will be the same. Weare charmed with the efficiency 
of the one put in by us and must have another. 

Please ship at once if possible. 

Yours very truly, 
N. LUDINGTON CoO. 


October, 1902. 
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SHOP CONSTRUCTION.—2. 


THE GUIDING CONDITIONS—GENERAL FEATURES OF THE BUILDINGS. 


OscaR E. 


Having arranged and planned the buildings for carrying on 
the work for which our plant is designed, making each of a 
size large enough for the equipment to be installed and the 
number of men required to operate it; and having placed the 
several buildings in convenient adjacency for economically 
passing the work through them, from the raw material to the 
finished product, let us now consider the construction of the 
buildings planned. 

Manufacturing buildings are erected for utility rather than 
ornament, and the latter characteristic is always made secon- 
dary to the practical question of best fitting them for the spe- 
cial work to be done in them. To this end one must be guided 
by several well-known conditions. First, the buildings should 
be strong enough to bear the weight and withstand the strain 
of the machinery operated in them, and the materials used in 
manufacturing, with which they are loaded. This load fre- 


PERRIGO. 


more imperative as the number of employees increases in 
proportion to the area of floor surface; as for instance, in 
factories, particularly where boys and females are employed. 
Seventh, the roofs should be so constructed as to bear the 
weight of snow in winter, as well as the pressure of high 
winds; and they should be so designed as to give a minimum 
amount of after-expense from deterioration and from leaking, 
the latter cause usually costing much more from damage 
to stock and machinery than for repairs to the roof itself. 
For manufacturing buildings in general there is probably 
no construction more satisfactory in every respect and that 
answers all the usual conditions better than brick walls and 
an iron roof. The walls should be of a thickness proper to 
the size and purposes of the building, and, except when the 
building is for light work, should be strengthened by but- 
tresses placed between the windows or groups of windows. 
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quently varies within a wide range as to weight at different 
times, and is also constantly being shifted from one point to 
another, so that provision must be made for this condition. 
Second, the building must be of such construction as to be 
amply rigid for all purposes, and to a certain extent be elas- 
tic enough to remain uninjured under the shocks that it is 
liable to undergo. Third, there should be ample opportunity 
for ventilation, yet not unnecessary height, as the expense 
of heating would be needlessly increased. 

Fourth, ample provision should be made for light, for which 
purpose the windows should be placed at short intervals and 
extend nearly to the ceiling. At the same time an extrav- 
agant use of glass will also increase the cost of heating. 
Fifth, the floors should be of such strength and material as 
to bear whatever weight is to be put upon them, either regu- 
larly or temporarily. Sixth, Numerous exits should be pro- 
vided for the use of employees in case of fire. This becomes 


The roof* proper should be supported by trusses at each 
division or bay, and connected by purlins, all securely braced; 
by which construction lightness, combined with great strength 
and ample elasticity is secured. For a covering, wood may 
be used and covered with roofing tin and always protected by 
a good coating of mineral paint. The covering may be of 
corrugated iron, although this has the very serious objection 
of moisture condensing on its underside and dripping into the 
interior of the building. This may be wholly prevented by 
laying on a couple of thicknesses of tar paper, or other 
paper impervious to water, and as a protection against fire 
from the underside of the tar paper, first laying two thick- 
nesses of asbestos paper. These four layers of paper are 
supported by galvanized wire netting, tightly stretched over 
the purlin supports. This is probably the best form of roof 


* The roof designs shown are substantially those adopted by the Berlin 
Construction Co., New Britain, Conn.—EDITOR. 


November, 1902. 
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inches the remainder by 20 inches wide. The spaces or bays 
are 13 feet centers and the wall is pierced for one window 
to each space. The windows are 4 feet wide and 12 feet high, 
and located, five on each side, three in the front and one in 
the rear, making fourteen in all. 

The roof ventilator is 12 feet wide and extends the entire 
length of the building, with openings 4% feet high, as in Fig. 4. 

Along the outer wall are arranged chimneys for six forges. 
If the system of downward draft is employed these would not 
be needed, the smoke and gases from all being carried to 


one chimney conveniently located for that purpose. In con- 
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Fig. 4. Cross Section through Power House. 


sequence of the arrangement necessary for these chimneys, 
when such construction must be used, the buttresses on this 
side are placed opposite the chimneys and the windows be- 
tween. This necessitates the use of a steel I-beam in the 
wall over the windows for supporting the roof trusses. By 
reducing the number of chimneys to five, this may be avoided. 

The power house is of construction similar to the other 
buildings. The walls are 16 inches thick and 20 feet high, 
with buttresses 4 inches thick and 20 inches wide. 12-inch 
walls divide the boiler room, engine room, water closets and 
wash rooms from one another, the last two being built in two 
floors—the lower one 10 feet and the upper 9 feet high, in the 
clear. There is a ventilator 12 feet wide, running the whole 
length of the building, with pivoted windows on each side, 5 
feet high, shown in Fig. 4. 

When the power required would render it necessary the 
entire building might be devoted to the boiler and engine 
rooms, and the wash rooms and 
water closets be provided for in a 
side addition. They are placed as 
shown in order to secure a central 
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opening 14 feet wide and 16 feet high, through which engines 
or large pieces of machinery may be moved, and through 
which main belts may be run. This space may be closed up, 
after the power plant is installed, either by doors or by a 
wooden partition containing suitable doors. 

The storehouse for finished machinery, and the carpenter 
shop adjoining, Fig. 5, are of the same general construction 
as the other buildings, so far as the walls and roofs are 
concerned. Both have 16-inch walls, 14 feet high for the 
carpenter shop and 18 feet for the storehouse, and strength- 
ened by buttresses of 4 inches’ projection by 16 inches’ width. 

The storehouse floor is 3 feet above the level of the machine 
shop floor. Near the back wall (next to the railway track ) 
the floor is cut out and a specially constructed tram car 
traverses the space, the top being on a level with the floor. 
This car track crosses the machine shop floor, and passes over 
the scales located in it, directly under the traveling crane. 
By this arrangement machines may be transferred from any 
point in the shop to this car, standing on the scales, and may 
be weighed, run into the storehouse and stored away or con- 
veniently run into a car on the railway track, the top of the 
cars being also on a level with the storehouse floor. 

In case the machinery built is of sufficient weight to make 
such an arrangement desirable, the lower member of the 
roof trusses should be of latticed form, or, if needed, sev- 
eral of them may be plate girders, in which may run 
trolley hoists for lifting a machine from the tram car and 
running it back into the rear of the storehouse or out upon 
a railway car. The girders may project out over the railway 
tracks sufficiently to permit of easy handling in loading cars. 

Two sliding doors, one of 8 feet and the other of 12 feet 
in width and both 12 feet high, are provided for shipping 
convenience. The storehouse is lighted by eleven windows, 
each 4 feet wide and 10 feet high. Additional windows might 
be located in the rear wall, over the storage sheds and in 
the end toward the forge shop if the machinery manufactured 
was of such small size and such variety as to make a division 
of the storehouse necessary to properly store and care for it. 

The carpenter shop is provided with a sliding door, 6 feet 
wide in the side, where a branch of the tram tracks enters, 
and one in each end 10 feet wide. The shop is lighted by 
thirteen windows, 31% feet wide and 6 feet high. The roof 
trusses are placed 15 feet from center to center, the lower 
members being latticed to afford support for the shafting 
driving the wood-working machinery. See Fig. 5. 

The storage sheds for coal, sand, coke, etc., as well as those 
for cast iron, steel chips and similar materials, may be built 
of wood, but a brick construction will be found to be much 
more satisfactory. 
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location and immediate connection \ 
with the machine shop without en- \ 
croaching on its space. Plenty of ‘ 
light is provided for the wash rooms 
and water closets by rows of ten ( 
windows, 3 feet wide, on each floor, | 
the upper ones being 514 feet and 
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the lower ones 6 feet high. 
The engine room and also the 


boiler room are lighted by four / 


windows, 4 feet wide and 12 feet ——— 
high, in the outer wall; while two ee 


extra windows are placed in the 
end of the boiler room for the pur- 
pose of giving extra light in the 
rear of the boilers. In the end of the boiler room is a double 
door 12 feet wide, one-half of which only need be opened to 
admit the coal car. Near this door are the track scales for 
weighing the coal as it is brought in. The tram track is 
continued the length of the boiler room, in front of the 
boilers and through the door into the engine room, as a con- 
venient means of bringing in or taking out any small machines 
sach as dynamos or similar apparatus. 

The engine room connects with the machine shop by an 


Fig. 5. Cross Section through Store House, Carpenter Shop, Tracks, etc. 


The walls should be 12 inches thick and 8 feet high on the 
side next to the yard. The roof may be what is termed a 
“sravel roof;” that is, consisting of wooden rafters covered 
with one-inch rough boards, over which is placed tarred 
paper, then a coating of well-boiled gas tar, and upon this 
a layer of gravel stones of from 1% inch to %g inch diameter 
and perfectly free from dirt. This roof should have an 
inclination of one inch to one foot, although slightly less is 
often used. 
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For the coal and sand sheds the openings. in the walls may 
be 3 feet high, beginning just under the roof, and 6 feet 
wide, on the side next to the railway track. These should 
be closed by hinged doors of two thicknesses of %-inch boards, 
the grain of each thickness crossing the other at an angle of 
45 degrees. 

On the side of these sheds, next to the yard, sliding doors, 
hung from the top and usually not over 10 feet wide, are 
most practical. To be substantial they should be made as 
described above, of two thicknesses of %-inch boards. 
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Fig. 6. Cross Section through Carpenter Shop. 


Inside of these and about a foot from them planks 12 
inches wide and from 2 to 8 inches thick should be set on 
edge, to sustain the weight of material behind them. These 
should be fitted in grooves at the ends so as to be easily re- 
movable, as occasion may require, and they may have a cet- 
tral support of a scantling set in a hole in the floor and 
properly supported at the top. 

The floors of these sheds may be of 2-inch planks, supported 
by scantling 4 x 4 inches, laid 18 inches from center to center. 
But much better than this, and cheaper in course of time, 
will be brick paving, laid as will be described in a future 
article on floors. 
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Fig. '7. Cross Section through Forge Shop. 


The construction of the shed in the rear of the forge shop 
should be as described above, except that there will be wood 
floors for the wash room and water closets. 

The questions of foundations and floors have been here 
omitted and will form the subject of another article of this 
series, wherein will be considered various forms of floors, 
both of wood and other materials, and wherein some of the 
reasons for the failure of many of them now in use will 


be pointed out. 
2 HR 


The accurate determination of high temperatures involves 
the use of expensive and delicate instruments, known as pyro- 
meters. For determination of muffle temperatures the follow- 
ing observations made by Violle will give very approximate 
results: Fireclay just glowing in the dark is at a temperature 
of about 525 deg. C.; dark red, 700 deg.; cherry red, 900 deg.; 
bright cherry, 1,000 deg.; orange, 1,150 deg.; white, 1,300 deg. 
To convert degrees centigrade into degrees Fahrenheit multi- 
ply by nine, divide by five and add thirty-two: Thus, 1,000 
deg. C. equals 1,832 deg. F—WMining Reporter. 
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STEEL AND ITS TREATMENT.—3. 


ANNEALING. 
EK. R. MARKHAM. 


According to the generally accepted definition of the term 
the object of annealing steel is to soften it, so that it may 
be machined at the minimum cost of labor and tools. Steel 
is annealed by heating red hot, and cooling slowly. The 
greater the amount of time consumed in the cooling opera- 
tion the softer the steel will be—everything being equal. 

The method pursued when annealing steel depends, as a 
rule, on the facilities which the shop possesses for doing the 
work. A piece of steel may be softened somewhat by heat- 
ing red hot and laying to one side to cool in the air. It 
must not, however, be placed on any substance that will chill 
it, nor where any current of air can strike it, or it will cool 
too quickly to become softened; in fact, it will very likely be 
harder than if worked without attempting to anneal it. 

The young hardener should understand that a piece of 
steel is hardened by heating red hot and cooling quickly; the 
more rapid the process of cooling the harder the steel will 
be. With annealing the process is just the opposite; the 
steel is heated red hot and allowed to cool slowly, and the 
slower the cooling operation the softer the steel will be. Now 
it ig evident that if a piece of steel be heated to a red and 
laid on an anvil or other piece of cold metal, or thrown on 
the floor, the portion lying on the cold substance will chill, 
and the process of hardening, instead of annealing, takes place. 
The same is true if the piece be placed where a current of 
air can strike it, even if it is warm air; for it will be cooler 
than the steel, and the heat in the steel will be taken up by 
the air. 

It is the custom in many shops to anneal steel by heating 
and putting in a box of ashes or lime. Now this may or 
may not be advisable, according to the condition of the con- 
tents of the annealing box. If the room in which the box 
is kept is damp, the ashes or the lime—especially the lime— 
will absorb enough moisture to chill a piece of red hot steel, 
particularly if it be a small or thin piece. When steel is 
to be annealed by this process heat a piece of iron or scrap 
steel and bury it in the ashes or lime, leaving it there until 
the piece to be annealed is properly heated. Then remove 
and put the piece to be annealed in its place. The ashes or 
lime being hot and every trace of moisture removed the proc- 
ess of cooling will be slow, and the results satisfactory. A 
box of lime furnishes an excellent means of annealing steel, 
if the precaution mentioned is observed. 

A very satisfactory method of annealing, which has been 
used by the writer many times, where there were only one or 
two pieces to anneal at a time, is as follows: Take an iron 
box; put two or three inches of ashes in the bottom. On this 
lay a piece of board a trifle larger than the work. Heat the 
pieces to the proper degree, lay them on the board, put 
another piece of board on top of them and fill the box with 


ashes. The pieces of board will smoulder and keep the steel 
hot for a long time. The process of cooling will be very 
slow. 


There is a method of annealing practised in some shops 
which, while it has many advocates, can be recommended by 
the writer only as a means of annealing a piece of steel that 
is wanted for immediate use. It is known as cold water an- 
nealing. The steel is heated to a red and allowed to cool 
in the air where no current of air can strike it. It is held 
in a dark place, and when every trace of red has disappeared 
it is plunged into water and left until cold. The steel will 
be softer if plunged into soapy water or oil. This answers 
in an emergency, but owing to the liability of the ends cool- 
ing faster than the center, and the smaller portions cooling 
more rapidly than the larger ones, it is evident that the steel 
when chilled must be of an uneven temperature throughout. 

The method used in many shops of heating a piece of steel 
in a furnace using gas, oil or gasolene as fuel, to the proper 
annealing heat, then shutting off the supply and allowing the 
work to cool down with the furnace, is attended with vary- 
ing results. While many mechanics advocate this method 
and claim excellent results, and while it has been used by 
the writer to his satisfaction, yet quite a number of cases 
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have come to his notice of late where persons had annealed 
in this way with results that were far from satisfactory. 
An investigation showed that in heating the steel the furnace 
had been forced in order to heat the piece quickly. As the 
steel was heated by radiation it was necessary that the 
walls of the furnace or the muffler should be hotter than 
the piece of steel being heated. When the steel had ap- 
parently reached the proper heat the supply of fuel was shut 
off; but the inside walls of the furnace being much hotter 
than the work, imparted heat to the steel after the fire was 
put out, with the result that the steel was overheated and 
injured, and in some cases entirely unfitted for use. 

A steel maker of national reputation says that “many 
thousands of dollars’ worth of steel are ruined annually in 
this way, and it is in every.way about the worst method of 
annealing that was ever devised.” Consequently the writer 
feels it his duty to condemn in no uncertain words a method 
he had successfully practised under favorable circumstances, 
because mechanics are not all so favorably circumstanced and 
do not use sufficient care in heating steel. Very especial care 
is necessary when it is nearly to the proper heat, but most 
men insist on forcing it; and this is detrimental to the edges 
and corners, which will heat faster than the center, and to 
the whole piece. For if the furnace is hotter than the steel, 
then when the fire is extinguished the furnace is closed and 
there is no means of looking into the oven to determine the 
amount of heat the steel is receiving. 

A method of annealing that gives universal satisfaction— 
when properly used—and that is employed in many shops, 
consists in packing the steel in iron boxes, filling the spaces 
between the pieces of steel with powdered charcoal. In this 
method it is necessary to place one or two inches of charcoal 
in the bottom of the box before putting in any steel, and the 
pieces of steel should not come within one-half inch of each 
other in the box, or within one inch of the box at any point. 
When the box is nearly full, fill the balance of the space 
with charcoal, put on the cover and seal with fire-clay. The 
steel should be kept from coming in contact with the boxes, 
because iron—especially cast iron—has a great affinity for 
carbon and will, when the steel and iron are both red hot, 
extract this carbon from the steel, leaving the steel somewhat 
decarbonized at the point of contact. 

To determine when the contents of the box are heated to 
the proper degree several 14-inch holes should be drilled 
through the center of the cover and a 3-16-inch wire run 
down through each of these to the bottom of the box. When 
the work has been in the fire (according to the judgment of 
the operator) long enough to heat through, draw one of 
them by means of a pair of long-handled tongs or with a 
pair of ordinary length, slipping a piece of gas pipe on each 
leg to give the required length. If the wire shows hot the 
entire length the operator may rest assured that the steel 
is of the same temperature, because the wire was run down 
between the pieces in the center of the box. If the wire does 
not show red hot he must wait a while then draw another. 
When a wire is drawn that shows the proper degree of heat 
the box should be left long enough to insure the steel being 
heated uniformly throughout; then the fire may be extin- 
guished. If the walls of the furnace are much hotter than 
the boxes the door may be left open until they are somewhat 
cooled. If the furnace shows a disposition to heat the boxes 
too much with the door open the box may be removed for 
a few minutes until the furnace is somewhat cooled. Then 
the box may be returned to the furnace, the door closed and 
the work allowed to cool slowly. 

A way to insure excellent results is to plan to empty one 
furnace of work to be hardened some little time before the 
work being annealed is sufficiently heated. Keep the first 
oven closed to retain the heat as much as possible; but it 
will pass the stage where it is liable to overheat the articles 
and will commence to cool down somewhat. When the work 
has been subjected to the heat for a sufficient length of time 
the boxes may be removed from the oven they were heated 
in and placed in the first oven. All danger of overheating 
from radiation is then done away with. This cannot, of course, 
be practised where there is but one furnace. 

While it is generally understood that the object of anneal- 
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ing steel is to make it soft enough to work to advantage, 
yet from the hardener’s standpoint annealing has another 
and more important office than simply to make steel workable. 
A piece of steel as it comes from the steel mill or forge shop 
is very apt to show a difference of grain in its various parts, 
due to uneven heating and unequal closing of the pores from 
the process of rolling or hammering. Consequently there exist 
internal strains in the piece. To overcome the effects of these 
internal strains, which must manifest themselves when the 
steel is hardened, the work should be blocked out somewhere 
near the shape and annealed. If the piece is a milling ma- 
chine cutter, punch press die or similar tool, having one or 
more holes through it, the holes should be made, but some- 
what smaller than finish size, before annealing to remove 
strains. If it is a milling machine cutter of irregular contour 
it should be blocked out as represented in Fig. 1. The finished 
cutter is shown in Fig. 2. The benefit gained in pursuing 
this course is that, so far as shape is concerned, it is heated 
for annealing under—as nearly as possible—the same condi- 
tions as when heated for hardening. Consequently the ten- 
dency to change shape will be overcome in the annealing. 

Long pieces of steel to be hardened will give much better 
results if roughed out. Remove all scale or outside surface 
by turning or planing, then thoroughly anneal. Should the 
piece spring when annealing do not straighten it cold, as it 
is almost sure to spring when hardened. If it is not suf- 
ficiently large to turn out without straightening, it should be 
heated red hot and then straightened. 

The hardener is blamed many times because a costly reamer, 
broach or similar tool is crooked in hardening when in reality 
the blame rests with the man who turned it or planed it to 
size. After it is annealed he tests it in the lathe, and, finding 
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Fig. 1. 


Fig. 2. 


it running out somewhat, he takes it to an iron block or an 
anvil and commences to hammer it. He finally gets it to 
running very nicely and feels quite proud of his job. He 
doesn’t like to see a man turn or plane a piece of steel 
which runs out even if it will finish out, when a few strokes 
of a hammer will “fix it all right.’ But by means of the ham- 
mering he has set up a system of internal strain much more 
serious than the one removed by the process of annealing. 
He now commences to machine the piece; every time he goes 
below the effects of a hammer mark the piece goes in some 
direction at this point, and it is necessary to repeat the 
operation of “hammer persuasion” again, with the result 
that by the time the article is ready to harden it is in no 
condition to be hardened. It is either crooked in all direc- 
tions, or it is only waiting for the fire to relieve it and allow 
it to go where it will. 

When the hardener gets through with it, it looks like a 
“cow’s horn.” And, of course, the hardener is to blame. If 
he happens to be a man without machine shop experience or 
does not understand the nature and peculiarities of steel he 
does not know where to place the blame—and perhaps it would 
do no good if he did. But he, of course, is not going to shoul- 
der it; so the fault is laid to the steel. Consequently, if the 
trouble continues, another make of steel is bought, because the 
men in charge do not know or cannot spend the time to locate 
the trouble. “It cannot be the fault with the men in the 
shop,” they say. “It must be the steel.” Or, again, they 
decide it must be the hardener, because some other concern 
with whom they are acquainted use this same steel and have 
no trouble. So the hardener, poor fellow, must bear the 
brunt. 

A successful business man is quoted as saying: “Tf I were 
to drive a mule team I would study the nature of mules.” To 
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be a successful hardener a man must study the nature of 
steel; he must know what steel is liable to do under certain 
conditions, and how to avoid undesirable results, no matter 
whether it relates to his department or some other depart- 
ment. He should know that it is possible for the toolmaker 
to so treat steel that results anything but satisfactory must 
follow when it is hardened; that he may make the steel 
unfit for use by overheating when annealing or by not heating 
uniformly throughout when annealing. Ifa satisfactory steel 
is furnished the hardener should never blame the steel for 
bad results caused by his ignorance or carelessness. The 
next time he may be furnished with an undesirable steel, 
and after a while those over him in authority will tire of com- 
plaints about a steel that another concern is satisfied with. 

In some shops they pack the article in a box with cast iron 
dust or chips. Now this method works nicely when anneal- 
ing forgings or other pieces of machinery steel which were hard 
and showed glassy spots and could not be softened by the 
ordinary processes of annealing. The cast iron seems to have 
an affinity for the impurities liable to be present, and the 
result is very soft, easily-worked pieces. But if this method 
is applied to tool steel the carbon, as we stated before, is 
extracted to an extent that is highly injurious to the steel. 
To be sure, tool steel can be annealed very soft if packed 
as described, but the results are anything but desirable. 

Another way to anneal machinery steel is to pack the pieces 
in the annealing box in expended bone—that is, bone that 
has been previously used in casehardening. This is also an 
excellent way of packing cast iron that requires annealing, 
such as small castings for typewriter parts, etc., which must 
be very soft in order to machine nicely. But tool steel should 
never be packed in any form of bone, as bone contains phos- 
phorus, which is the most injurious of any of the impurities 
tool steel may contain. The steel maker uses every effort 
possible to reduce the percentage of this impurity to the 
lowest point; for, while it is a hardening agent, its presence 
makes tool steel brittle. And it is folly to pay a high price 
for steel which the manufacturer has spent much care in 
ridding of undesirable impurities and then to use a method 
whereby the steel will be charged with these very impurities. 

In conclusion, it may not be amiss to emphasize a few 
facts that have already been mentioned. Do not overheat 
steel when annealing, or it will be permanently injured. Do 
not subject it to heat for a longer period of time after it 
becomes uniformly heated throughout than is necessary to 
accomplish the desired result. For while it is essential, when 
annealing, to heat to as high a temperature as for hardening 
and for a period of time that insures its being of the same 
temperature in the middle of the piece as it is at the surface, 
yet care must be taken not to overdo it. Steel kept at a red 
heat for a long time, even if not overheated, will betray the 
fact when the temper is drawn, if not before. It may to all 
appearances harden all right, but when the temper is drawn 
the hardness apparently “runs out.” For instance, when the 
piece is heated to a straw color it can be filed very readily; 
whereas a piece from the same bar not annealed, or that has 
been annealed properly, then hardened and drawn to the same 
temper color, would show all right; that is, a file would just 
catch it. 

Uniform heating when heating for annealing is as desirable 
as when heating for hardening. If in a large block the 
corners and edges are hotter than the main part violent 
strains are set up at these points. It is therefore readily 
apparent that uniform heating is one of the secrets of success- 
ful handling of tool steel. 

Lastly, remember that any process of annealing which takes 
from the steel any of its hardening properties is not fit to 
use, no matter how soft it may make the steel. It is better to 
work a piece of steel which is hard than to unfit it for doing 
its maximum amount of duty when finished. But it is possi- 
ble to anneal most steels so that they will be workable and 
yet harden in a satisfactory manner; in fact, in a much more 
satisfactory manner than if not annealed. 

The writer wishes it understood that these articles deal 
entirely with carbon steels, and. not with the so-called self- 
hardening steels. These are very valuable, but are not under 
consideration at this time. 
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NEW WORKS OF THEB.F.STURTEVANT CO. 


GENERAL FEATURES OF THE PLANT AND THE CONSID- 
ERATIONS WHICH LED TO THEIR ADOPTION. 


The new works of the B. F. Sturtevant Co., now nearing 
completion at Hyde Park, Mass., present an excellent oppor- 
tunity to study the factors that control in the location and 
design of a modern manufacturing plant. The present plant 
at Jamaica Plain, Mass., is too small for the business and has 
no room for growth. A fire, which nearly destroyed the whole 
plant a year ago, forced an immediate selection and a site of 
20 acres was procured at Hyde Park, Mass., six miles from the 
present location, the home of several prominent machine 
works. In deciding upon the new location, the claims of the 
West were weighed against those of the Hast, but an abiding 
faith in the future prosperity of New England and the fact 
that a large number of skilled mechanics are available in the 
vicinity of Boston, won out in the end, in spite of the some- 
what higher rates for raw material in the Hast. The lot se- 
jected has a frontage of 1,300 feet on the N. Y., N. H. & H. R. 
R., and one side is bounded by a large brook, which will supply 
water, and there is ample space for dumping waste material. 

In laying plans for the buildings, the head of each depart- 
ment was consulted, his recommendations reduced to writing, 
and frequent conferences were held. With these data at hand 
the plans were started with the idea of providing a total floor 
space slightly more than double that of the present plant. 
The lay of the land and its available area being somewhat 
against a group of one story buildings, and a simple calcula- 
tion showing that the actual cost of the power expended in a 
single year for lifting the entire product of the works through 
a distance of 20 feet figured only a very small sum, deter- 
mined the company upon the erection of multi-storied build- 
ings. The character of their products readily lent itself to 
such a design, and it was believed that the expense in going 
from floor to floor would be more than offset by a reduction in 
the horizontal distances necessary to be traversed. 

The arrangement of the buildings was determined by the 
provision to be made for growth. One arrangement of a series 
of parallel buildings permitted increase only by multiplication 
of buildings, but provided an excellent opportunity for the 
carrying of switch tracks across both ends of each building. 
The other arrangement provided for a group of buildings par- 
allel to the railroad tracks, with accommodation for switch 
tracks between buildings, and for their entrance at the ends 
of the building, with an opportunity for growth by extension 
in length, and this was the plan adopted. 

For the construction of the buildings the latest all-steel and 
concrete type with large window areas did not appear to meet 
the requirements of the group. All steel buildings, brick walls 
and concrete fire-proof floors presented disadvantages in the 
way of discomfort to workmen, inconvenience in attaching ma- 
chines on hangers, and excessive expense which did not appear 
to be offset by advantages to be secured in the way of abso- 
lutely fire-proof construction. The type finally selected is 
composite in its character, consisting of steel interior columns 
and main steel girders, with heavy brick walls, wood timbered 
floor and plank roofs. In the case of the one-story foundry, 
the roof is supported by steel trusses; in the other buildings 
open timbering with wooden columns in the upper floor is 
employed. The main floor in the machine shop is of tar con- 
crete with spruce and maple flooring. The upper floors are 
carried upon wooden beams spanning the spaces between the 
steel girders, which follow a unit system of 20 feet on centers 
through the building. All roofs are of 3-inch plank with tar 
and gravel top. 

The question of power was early decided to the extent that 
the entire plant would be electrically driven from a central 
power house; that the engines would run condensing; that 
the exhaust steam derived from engines under test, which is 


‘considerable, would be utilized for heating, with supplement- 


ary amount of live steam admitted at reduced pressure as 
might be required. The power house was placed sufficiently 
far from the ends of the buildings to permit extension of 
each, and near to the water supply. 

The pattern building provides at one end a two-story portion 
80 feet square for carpenters and flask makers on the first 
floor, and for pattern makers upon the second floor. The bal- 
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ance of the building which is devoted to pattern storage is 
provided with intermediate floors, making four in all, sepa- 
rated from the other portion of the building by double fire 
walls and automatic fire-closing doors. The close proximity 
of this building to the foundry facilitates rapid intercourse. 

The foundry, 170x350 feet in dimension, is designed with 
the idea of distributing iron upon a track system, and is to be 
equipped with narrow gaged railways bedded in concrete, 
making runways between the moulding floors. Two craneways 
run lengthwise of the building through the greater part of its 
length, and the tracks extend beneath the crosswise traveling 
cranes in the cleaning room at the end of the building. The 
brass foundry is located in one corner, a wash room in the 
adjacent corner, a core room between the two; the latter has 
ample opportunity for growth towards the center of the foun- 
dry, while the foundry itself can be extended to practically 
double its length. Storage for supplies is provided upon one 
side adjacent to the railroad switch. From the bins thus pro- 
vided, the iron and fuel charges will be carried directly to the 
charging floor. 

From the foundry the castings will pass to the rear of 
either the machine shop or the fan shop. The former is of 
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The standard first floor height in the main building is 17 
feet, that of the second and third stories is 15 feet. The win- 
dows are large and numerous. 

The office is to serve as headquarters for the entire business. 
It will contain the correspondence, designing and drafting 
offices, the superintendent’s quarters, the cost department, 
che advertising bureau, and a printing office which will be 
located in the basement. It will be three stories in height 
with a finished attic to provide additional drafting room space. 

The equipment of this plant will be largely “Sturtevant” in 
its character. Beginning with the power plant, the mechan- 
ical draft apparatus, the engines and generators and the ex- 
haust head will be of Sturtevant make. The buildings will 
be heated by the Sturtevant system; the shafting and indi- 
vidual machines driven by motors of the same make; the 
removal of refuse from the wood working machinery, the dust 
from the foundry cleaning room, the ventilation of the 
offices, toilet rooms, and wash house, and the removal of 
smoke from the smith shop will be accomplished by Sturte- 
vant exhaust fans. Sturtevant blowers will be used for brass 
and iron foundry, forge shop blast and the like, and Sturte- 
vant steam traps will be employed upon the steam drivers. 
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the familiar gallery type, 500 feet long, with wings 40 feet 
wide, and central runway of the same width for crane of 20 
ton capacity. The lighting will be principally by a series of 
sawtoothed skylights running crosswise of the roof, with 
glass facing due north. The crane will serve the entire floor 
and transport heavy castings from the machine tools to the 
erecting floor. Here the completed engine or generator may be 
lifted upon a transfer car passing through the testing build- 
ing, and there picked up by another 20-ton crane which will 
drop it upon the testing plate and subsequently carry it for- 
ward to the steam railway track which passes through the 
end of the building and provides space for the loading of two 
cars at atime. The upper floor of this building, together with 
portions of the adjoining buildings, is devoted to the elec- 
trical department and provided with individual small travel- 
ing cranes. 

The building devoted to the manufacture of fans, heaters, 
etc., is 80 feet in width, of the same length as the machine 
shop (500 feet), is three stories in height, of typical mill 
construction, with conveniences for handling material and 
arranged so that shipment can be made from numerous points 
along one side, while supplies are brought in from the court 
between it and the machine shop. 

The smith shop, 40 feet by 80 feet, serves both buildings 
with equal facility while the wash house and locker room, 
measuring 40 feet by 100 feet and three stories in height, is so 
located as to reduce to a minimum the distance to be traversed 
by the individual workman. The third floor will be used as 
a lunch room. 


Floor Plan of New B. F. Sturtevant Works. 


INSURANCE CANCELED BY AN OWNER BECAUSE HIS 
BOILER WAS UNSAFE, 


“Tf you don’t play in my yard I won’t play in yours” indi- 
cates a spirit that is not by any means confined to childhood. 
But it is a little strange that business men should allow 
such considerations to influence them in so important a mat- 
ter as steam boiler inspection and insurance, as related in 
the following extract from The Locomotive, published by the 
Hartford Steam Boiler Inspection and Insurance Co.: 


We recall a meeting of certain commissioners, held in a 
town, a little while ago, at which a report was read concern 
ing a stone crusher boiler that was insured by the Hartford 
company, and which had been recently inspected. The inspec- 
tor reported that the boiler was in bad shape, and that it 
would be more economical to buy a new boiler than to make 
the extensive repairs that would be required to put the old one 
in good order. The commissioners at once voted to cancel 
the insurance on the boiler in question. It would appear 
that when a report of that kind had been received it would 
be a good time to continue the insurance as long as the insur- 
ance company would carry it, or at least until such time as 
measures could be taken to put things in proper shape; but 
we cannot pretend to have the combined wisdom of an entire 
commission, and so we bow as gracefully as possible to the 
decision. We may add, however, that we never shed any 
tears of regret when a patron discontinues his insurance on 
such a boiler as this. We may also add that if the boiler 
should blow up, the commissioners would stand in an un- 
enviable position, if they do not take immediate proceedings, 
on their own initiative, to fix the boiler up, or replace it. 
Ignorance is never a very good excuse, but when one cannot 
make even that plea he is in a bad way, so far as moral 
responsibility is concerned. 
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NOTES OF TRAVEL. 


AN ENGLISH SCALE-MAKING FIRM—A SHOP BUILT BY 
JAMES WATT—RELICS OF THIS NOTED INVENTOR. 
Editor MACHINERY: : 

In a, very attractive album issued by W. & T. Avery, Ltd., of 
Birmingham, England, builders and manufacturers of weigh- 
ing machines and steam engines on the site of the Soho Foun- 
dry of James Watt, the following occupies the only page of 
reading matter: 

A Short History of the Progress of 
W. & T. AVERY, LTD. 

Birmingham is the center of the weighing machine trade of 
Great Britain, comparatively little being made elsewhere, and 
here the business now known all over the world as W. & T. 
Avery, Ltd., was established in the year 1730. Like many 


other old businesses it was commenced in quite a small way in 
Digbeth, one of the most ancient streets of the town. From 


its inception as a workshop for making steel yards, it gradu- 
other forms of scales and apparatus, 


ally grew; including 


Fig. 1. Weighing Appliances over 2000 years old, found in the Buried City 
of Pompeii. Highest Weighing Capacity 120 Pounds. 


Avery’s agate bearings, being added to its list of productions, 
and the premises continually increased until in the year 1854 
Messrs. W. & T. Avery built the first shops of their new fac- 
tory in Mill Lane, which has in turn continually extended 
from time to time. In 1868 they purchased the Atlas Works, 
West Bromwich, where their iron founding was done. 

The combined works stood on between 16,000 and 17,000 
square yards, most of which were covered by shopping three 
or four stories high, fitted with machinery of all kinds, driven 
by five engines of various sizes. 

In 1891, Messrs. Avery, finding their business still increas- 
ing by leaps and bounds, registered it as a private limited 
company, and in 1894 as a public company under the title of 
W. & T. Avery, Ltd. 

In 1896, the directors considering the works in Mill Lane 
at West Bromwich too small for their ever-increasing trade, 
purchased the Soho foundry made world-renowned by the 
great James Watt. There they erected extensive buildings 
upon twenty acres of land, and during the following two years 
concentrated there their different factories. An extensive 
plant of special machinery was installed in each department, 
to insure the most accurate and economical results. 

The company employ about 2,000 hands, their production 
ranging from the finest scientific balance weighing “in vacuo” 
to the greatest locomotive weighbridge capable of indicating 
a load up to 180 tons. 

The great engineering business of James Watt & Co. is still 
carried on under the aegis of W. & T. Avery, Ltd. 

Messrs. Avery have opened branch works in London, where 
chemical, assay and other fine balances are made; and in 
Glasgow where weighbridges are constructed for the Scotch 
and Irish markets. They have also branches in the principal 
towns of the United Kingdom. 
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An inspection of the works under the guidance of the man- 
ager convinces one that in the main, the establishment is 
very much up to date, measured by the gage of an American 
engineer and manufacturer. The few points in which there is 
room for modernizing are well known to the manager and he 
avers that improvements thereon are under consideration. 
The chief desideratum is quick-acting and powerful hoisting 
and conveying appliances. The traveling power cranes that 
are now in use are driven by either one or the other of the 
power-devouring agencies—the flying rope or the square shaft. 
Several of the cranes are hand driven. 

The old shops of the engineering department, built and 
used by James Watt, form a striking contrast with the other 
buildings, well lighted and fully equipped with the appliances 
of heating and ventilating. 

Only a small portion of the engineering department’s work 
is done in these old shops, which are but a small part of the 
buildings. A few of the tools of this department are very 
old but are retained on account of being very useful at times. 
One of a design unknown in modern machine tools, is a wall 
planer. The guides along which the cutting-tool carrying the 
head travels can be seen in the view of “the present erecting 
bay” attached to the wall just beyond the faceplate of the 
large engine lathe in the right hand foreground of the cut, 
Fig. 10. The cutting stroke of the tool is parallel to the wall. 
It can readily be seen that such a tool would be of little serv- 
ice in any locality where there are great temperature changes 
acting on the wall and its foundations. It is a better machine 
for England than for the States. 

The heavy scales for weighing horses, cattle, wagons, etc., 
differ from those of the States in having every part made of 
metal. No wood is used for any part, be it beam, girder, plat- 
form, or casing for the recording parts. 
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Fig. 2. In contrast to Fig. 1 is this Weighbridge, being Tested to its Full 


Capacity, at the Works of W. & T. Avery, Ltd. 


In the heavy balances of the type used by chemists and as- 
sayers, the beam is made of welded scrap in order to secure 
the greatest toughness. Such balances are used for weighing 
articles of considerable weight in England, such as bales of 
cotton, crates, heavy boxes, etc., a use to which this type is 
not applied in the States. 

Continuous weighing and recording machines for grain, 
coal, ore, etc., are an important part of the product. 

The heating of the air for warming the shops is done by a 
method not common in the States where steam coils are used 
generally. At Avery’s the air is drawn through a large fur- 
nace, chiefly of brickwork, located entirely outside of the 
buildings. The heated air is distributed in each building by 
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metallic pipes with openings and short lengths of pipe on the 
upper side, so that the air is forced out toward the ceiling or 
upper region of the space to be heated. This is the reverse of 
the common practice in the States for heating large shop 
rooms, which is to carry the air down through branch pipes 
or outlets from the main, and blow it out toward the floor. 
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framework for supporting the wheels, each vertical set of 
wheels is supported by an individual column of its own. The 
lower part of the column is of heavy masonry, capped by a 
comparatively short openwork casting. Each column is self- 
sustaining. A rod or pipe extends up through the middle of 
the tank also for the purpose of guiding and sustaining it. 


VIEWS IN THE WORKS OF W. & T. AVERY, LTD., BIRMINGHAM, ENGLAND. 


Fig. 8. Main Entrance. 

Fig. 5. Platform Weighing Machine Department. Fitting and Erecting 
Bay, 300 x 70 feet. 

Fig. 7. James Watt & Co. Showing a Pair of Triple Expansion Pumping 


Engines in course of Erection. Supplied to the Birmingham Canal 
Navigation in 1899. 


A gas reservoir or tank installed by Watt is still in active 
service. It differs only slightly from those in common use 
to-day. The chief difference is in the supports of guiding 
wheels for holding the inverted cup-shaped tank in position 
and for keeping it from toppling over. Instead of a connected 


Fig. 4. 
Fig. 6. 
Fig. 8. 


Drawing Office. 
Weighbridge Department. No. 3 Bay, 200 x 30 feet. 


Gas Making. At the rear of this apparatus James Watt erected 
a@ gas plant. 


A line of pipe led from the tank to Watt’s residence, a mile 
or so away on a neighboring hill. His house is supposed by 
the Averys to be the first residence ever lighted by gas. The 
tank is in the rear of the gas-making part of the plant shown 
in Fig. 8. 
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James Watt Relics. 

In two small rooms of the Tangye Co., of Birmingham, 
England, is a collection most interesting to the engineer. It 
consists of a lot of letters, account books, records, models, 
drawings, etc., that were the property of the Watt & Boulton 
Co. during its existence. They 
were purchased by the Tangye 
Co. at a sale of the goods of the 
old Watt & Boulton Co. The 
rooms are kept closed for the most 
part, and the material is not ar- 
ranged in any way, but stored in 
boxes, drawers and cases in the 
condition in which it was when 
it first reached the rooms. 

During a couple of hours spent 
in looking through these relics a 
number of interesting things were 
found. 

The reason for Watt’s inventing 
and adopting the “sun and planet 
wheels” seems made clear in some 
of the letters. It appears that 
Watt invented the (now) common 
erank mechanism for transform- 
ing reciprocating into rotary mo- 
tion. As has often happened. 
however, some one else learned of 
Watt’s invention and immediately 
had it patented. An enormous 
price was then asked of Watt & 
Boulton for the grant to use the 
device on their engines. The 
price was prohibitory, so Watt in- 
vented the sun and planet gears 
by means of which each double 
stroke of the piston, acting 
through a beam and connecting 
rod to the lower end of which one 
of the gears is rigidly attached, gives the main shaft of the 
engine two revolutions instead of one, as is obtained with the 
ordinary crank, connecting rod and beam. It might be added 
that the second gear is on the main shaft of the engine. Both 


Fig. 10. James Watt &Co. The present Erecting Bay. A Wall Planer shown 
back of the Lathe was erected by James Watt. 


gears are of the same diameter. A link or arm, much resem- 
bling a crank, but free to rotate about the main shaft, holds 
the connecting rod gear into mesh with the main shaft gear. 

It seems certain that the sun and planet gears were not 


MACHINERY. 


November, 1902. 


adopted by Watt & Boulton for mechanical reasons, but for 
monetary ones with possibly a touch of feeling against the 
patentee of the crank mechanism. 

In a letter by Boulton to Wait he inquires whether his 
understanding of the use of the flywheel is correct. He then 


Fig. 9 Engineering Depariment James Watt & Co. Showing Fitting Shop, 208 ft. x 25 ft., built by James Watt and 


still in occupation. 


sets forth for Watt’s perusal an example of how to determine 
the size of “fly” required for an engine. He first assumes 
that a man can do a certain amount of work in lifting coal 
from a mine by means of a windlass—so many pounds an hour 
lifted a certain height. Then, that if several men work at the 
same rate to speed up a “fly,” putting a given number of man- 
minutes work into doing it, it will take an equivalent number 
of man-seconds work resisting the “fly” to stop it. He gives 
the final result in the words, “then it will take 32 men one 
second to stop the fly.” 

In another letter to Watt, written just after an audience 
with the King and Queen for the purpose of demonstrating 
the operation of a letter-copying press invented by Watt, 
Boulton explains how he found their majesties taking coffee 
at 5 o’clock, was very graciously received, and kept at full 
conversation till half past seven. During this time he “made 
a very good copy of a letter written on a large sheet of paper.” 
The King knew very well about Watt and his works and 
made many inquiries regarding him, despite the fact that 
Watt had insisted the King knew nothing of him. Boulton 
further tells Watt that he gave them both a very fine descrip- 
tion of him and his works. 

Models of the letter-copying press are in the rooms. They 
are of the roller-platen type. A felt-covered plate passes 
under the roll which exerts a pressure. The letter and im- 
pression paper are placed on the plate so that the pressure 
makes the copy. It seems that Watt was the inventor of the 
letter-copying process and of the ink used for the purpose. 

A framed copy of “letters patent” hangs on the wall. The 
great seal of England is attached by a thong and suspended 
below. It is a piece of wax 5% inches in diameter and about 
8, of an inch thick and the color of beeswax. 


Forrest R. JONES. 
Oxford, England. 
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Thomas Jefferson, the father of the American Patent Office, 
is said to have given personal attention to every application 
made for a patent during the years between 1790 and 1793. 
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WORK IN THE NEW MACHINE SHOP OF WM. 
CRAMP & SONS CO., PHILADELPHIA. 

About two years ago Wm. Cramp & Sons Co., Philadelphia, 
completed a new machine shop directly across the street from 
the shipyard on the water front. A recent visit disclosed a 
very well-equipped shop for the building of marine engines, 
it being a decided and agreeable contrast to the old machine 
shops in the shipyard. 

The new shop is a large building of brick with a three- 
gabled roof facing the street. The erecting floor occupies the 
middle section, and the machine tools are on the sides of the 
main floor under the galleries. The traveling crane runway 
over the erecting floor is well up in the roof, giving a clear- 
ance of perhaps 60 feet beneath the hooks. The south side 
of the building has one gallery over the main floor, and the 
north side has two gallery floors, which, of course, makes this 
side one story higher than the main section. Stairways are 
provided at all four corners leading up to the galleries, and 
four freight elevators, one at each corner. The tool rooms 
are in the galleries, there being one on each of the gallery 
floors. Lavatories and closets are provided on all three floors. 
Beside the traveling cranes over the erecting floor there 
are traveling cranes beneath both galleries. A bay is built 
out from the south gallery floor so that large heavy parts may 
be moved out over the erecting floor where the traveling 
crane can handle them. This makes the transfer of large 
parts, between the two floors, that cannot be handled on the 
freight elevators easy and convenient. The lighting is ex- 
cellent, and is all that could be desired for machine shop 
purposes. The Sturtevant system of forced hot air circula- 
tion is employed for heating. 

The section under the south gallery is given over to heavy 
machine tools. Here are a heavy 125-inch crankshaft lathe, 
a large planer for machining engine frames and bed plates, 
and three large horizontal drilling, milling and boring ma- 
chines. All the large tools are driven by independent electric 
motors, but the smaller tools are motor-driven in groups, 
the lineshaft being divided into, say, three sections in the 
length of the shop. 

At the time of the writer’s visit one of the horizontal drill. 
ing machines was employed in boring the bolt holes in the 
flanges of an intermediate shaft for the battleship New York. 
This is a modest chunk of nickel steel, say, 30 feet long and 
18 or 20 inches in diameter. The flanges were about 3 feet 
in diameter, and each one has eight holes for the coupling 
bolts. The boring was accomplished by first drilling 114-inch 
holes and then enlarging them to the required diameter, which 
was 4% inches at the large end, by means of counterbores. 
The coupling bolts are made with a quick taper and have no 
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Fig. 1. Tool used in Finishing Nickel Steel Tail Shaft. 


heads. The holes were roughly tapered by using three diam- 
eters of counterbores through one flange so that the reaming 
would be somewhat facilitated. The reaming is not done until 
the shafts are in place on the vessel, where it is done by 
hand. This means a lot of hard work for three men at 
the end of a long reamer handle. About 14 to 5-16-inch stock 
is allowed to be reamed out. 

A nickel steel tailshaft was being finished in a lathe at 
the time. The finishing cut was taken with a goose-neck tool 
like that shown in Fig. 1 while deluged with a mixture of 
turpentine and lard oil. 

Marine propellers are usually fitted to their tailshafts by 
being bored with a tapered hole through the hub and fitted 
to the tapered end of the tailshaft. Two keys and a large 
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nut on the end of the shaft secure the two parts together. 
In some cases the keyways are planed parallel with the axis 
of the shaft. This, of course, makes the keyways deep at 
one end and shallow at the other. In the Cramp shops a 
Morton draw-cut shaper has been rigged to plane the key- 
ways parallel with the taper. The shafts are leveled in front 
of the shaper and the keyways cut from the top. To make 
the cut parallel with the taper the shaper is mounted on 
tapered blocks which tilt it backward to the required degree. 
it may be asked why the shafts are not inclined to the re- 
quired pitch. Since the tailshafts are about 50 feet long the 
end away from the machine would have to be depressed 5 
or 6 feet, which would require that a hole be dug in the 
floor or that the shaper be elevated 38 or 4 feet. 


Fig. 2. Tool Room Rack for Trays. 


Compressed air is piped to all parts of the shop, and is 
extensively used for various purposes. On the platen of the 
large Niles planer was the cast steel bedplate for the engines 
of a battleship being planed for the feet of the housings. At 
the same time a workman with a pneumatic hammer was 
riding back and forth on the platen chipping off the fins and 
scabs of the casting. Another use of a different character 
to which compressed air may be put was observed, and that 
is the cleaning of machines. A compressed air blast is ef- 
fective in cleaning the dirt and chips from the table of a 
machine. It leaves the surface practically free from oil and 
may be used profitably on the frames and other parts that 
are ordinarily wiped with waste. One bad feature of the 
practice is that it is likely to cover surrounding objects with 
grease spattering, unless carefully done. 

The tool rooms are provided with racks for trays, on the 
plan of that shown in end and side views by Fig. 2. They 
are made of castings like those shown at A. These castings 
are held together by bolts and sections of pipe to act as 
distance pieces. Ledges cast on the sides support the trays 
which are made of galvanized sheet iron about 12 inches 
square and 1% inches deep. Several racks made on this 
plan were seen having 13 trays in height on each side and 
12 in length, making 312 trays in each rack. The trays are 
used to hold bolts, screws, rivets, nuts and other small sup- 
plies and tools. Being made of iron they do not become oil- 
soaked as is the case with wood. 

iene ae 

When we speak of the manufacture of iron bolts, nails, 
rivets, etc., in these days we naturally think that all such 
work is done, in this country at least, by improved machinery 
having a large daily productive capacity. Consequently it was 
with considerable surprise that a shop was recently discov- 
ered in Philadelphia, on North 22d Street, working full blast 
manufacturing carriage bolts and using machinery of the 
most primitive character, part of which was operated by foot 
power. The work in progress was forging or upsetting 
the heads of, say, %<-inch bolts. In the machines operated 
by foot power the hammer was raised after each stroke by 
a large wooden spring pole attached to the floor overhead. 
The power-driven machines were of about the same type, 
the wooden spring pole also being in evidence. The con- 
struction of all the machines was of the crudest description 
and gave evidence of great age. The scene presented seemed 
quite out of keeping with the present age, it undoubtedly being 
about as such work was done fifty or sixty years ago. 


Os 


THE METRIC SYSTEM. 


A SUMMARY OF OPINIONS GATHERED BY THE FRANKLIN 
INSTITUTE, PHILADELPHIA. 


While the bill favoring the adoption of the metric system by 
the various departments of the government was pending before 
the last session of Congress, a special committee of the Frank- 
lin Institute, Philadelphia, had the same subject under consid- 
eration. The report of the committee was favorable to the 
adoption of the system and was as follows: 

Wuereas, It is desirable to obtain an international standard 
of weights and measures, also to simplify and regulate some of 
our existing standards; and 

Wuernas, The metric system is commendable not only as a 
suitable international standard, but also for facility of compu- 
tation, convenience in memorizing and simplicity of enumera- 
tion; 

Resolved, That the Franklin Institute approves of any move- 
ment which will promote the universal introduction of the 
metric system with the least confusion and expense. 

Resolved, That the National Government should enact such 
laws as will ensure the adoption of the metric system of 
weights and measures as the sole standard in its various De- 
partments as rapidly as may be consistent with the public 
service. . 

Supplementing the work of the committee the secretary ad- 
dressed a number of letters to members of the Institute and 
to others whose opinion on the subject it was thought desir- 
able to obtain. These letters have been published in the last 
four numbers of the Journal of the Franklin Institute and 
brief extracts from most of them are published herewith, to- 
gether with quotations from the address of Mr. James Chris- 
tie, chairman of the committee on the metric system, at the 
meeting when the subject was discussed; of Mr. George M. 
Bond, of the Pratt & Whitney Co.; and of Mr. S. M. Vauclain 
at the same meeting. 


In Favor of the System. 


In my opinion we need the system and I hope it will become 
international. We need it because it is the rational system 
connecting measures of length with those of area, volume, 
etc. It appears to me that our people have been long enough 
under the incubus of “long” and “short” tons, “long” and 
“short” hundredweights, “dry” quarts, “liquid” quarts and 
the like—units without any rational relation or often with 
curious fractional relationship to one another. 

I may add that I have been in consultation with most of 
the heads of departments and engineers of the General Elec- 
tric Co., and find that on the whole they are favorable to the 
adoption of the metric system, especially on new work, with 
the idea that it would eventually entirely displace existing 
measures.—Blihu Thompson (General Electric Co.) 


The practical convenience of the workshop must, I believe, 
give way to the overwhelming theoretical advantages of the 
metric system. These advantages cannot be successfuliy dis- 
puted, and I have therefore been compelled reluctantly to 
admit the adoption of the metric system as a wise step for 
this country to take. Any system is better than none at all, 
and no system founded on the natural subdivision by 2 would 
with our present notation be acceptable to the great army 
of thinkers who plan the work of the world.—Wilfred Lewis. 


I have for many years worked with both systems and by 
practical experience have found the metric system as far 
superior to our present system (or rather, want of system) 
as our decimal currency is in advance of the English £, s., d. 

When a generation or two hence the history of the present 
time is written, one of the things that will seem most in- 
credible will be that a nation as far advanced in civilization 
as the United States is supposed to be, should be weighing its 
copper by one standard, its silver by another, its diamonds 
by a third, and its medicines by a fourth, all of them inter- 
changeable only by means of fractions; and measuring its 
wines by one system, its grain by another and its gas by a 
third.—Theo. D. Rand. 


We consider it of the utmost importance that the inevitable 
change to the metric system be inaugurated at as early a date 
as possible. The advantages to be derived from the metric 
system’s adoption are clearly manifest, and opposition to a 
movement of this kind would seem futile, as, at best, it can 
only mean a trifling postponement and not, in any way, pre- 
vent its ultimate adoption.—The Link-Belt Engineering Co. 
(J. M. Dodge.) 


For more than thirty years we have employed the metric 
system of linear measurement as being greatly superior for 
the minute measurements required in the manufacture of 
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watches. In adopting this system we took a centimeter as 
our unit. This we subdivide into a thousand parts, and 
have special gages reading to thousandths. In many in- 
stances the graduations on our gages we subdivide by the 
eye. Having this system in use for measurement of watch 
parts, we also use it in our machine department in the manu- 
facture of machines, and while it is somewhat novel to men 
when they first come to us, yet they very readily acquire the 
system, which is extremely simple in computation.—American 
Waltham Watch Co. (H. A. Marsh.) 


We have used the system in our workshop for a number 
of years, as its units are much more convenient, especially 
in the fine measurements required in our class of work. We 
have also published our catalogues of scientific apparatus 
wholly in the metric system for a number of years, and find 
that this departure is very much appreciated by the scientific 
men with whom we deal.—Baush & Lomb Optical Co. 


The comparison between the metric system and our system 
is about equal to dollars and cents as compared with shillings 
and pence, and I approve any movement which will promote 
the universal introduction of the metric system, to take effect 
in the shortest possible time and that will create the least 
confusion and expense.—Joseph T. Richards, engineer, M. W. 
(Penn. R. R.) 


It would be most satisfactory to have the National Govern- 
ment make the metric system the only legal system through- 
out the United States, provided sufficient time, say, five 
or ten years, were given before it became compulsory, so as 
to permit the different trades to adjust themselves to it.— 
R. D. Wood & Co. 


To argue the superiority of the metric over what we may 
well blush to admit is still the British and the American 
system would be a reflection upon the intelligence of the 
members of the Institute. To my mind the only serious 
reason for hesitation in pushing the adoption of the metric 
system is that which, at first sight, appears to be its chief 
merit, viz., its decimal basis. 

The number 10 came to us as a basis of notation through 
our having each 10 fingers (including thumbs). Its unfit- 
ness for the purpose becomes manifest whenever we have oc- 
casion to think of the half of a quarter dollar and realize 
that this half is 1214 cents, bringing us at once into incon- 
venient fractions. As my good friend, Mr. Benjamin Smith 
Lyman says, in his paper entitled “Against Adopting the 
Metric System”: “If our early predecessors, in learning to 
reckon, had but omitted to count their thumbs * * * they 
would have saved the world a vast deal of labor, and would 
almost have abolished the use of vulgar fractions.’—John C. 
Trautwine, Jr. 


I doubt whether any discussion is needed of the broad 
subject whether a common system of weights and measures 
is desirable. That, I think, will be admitted by everyone. 
Forty years ago the question whether the British system or 
metric system would ultimately prevail may have been open 
to discussion. Now the progress of the latter, its adoption by 
Germany and by Norway and Sweden, its extension in Mexico 
and South America, its adoption by all scientific men in the 
researches from which results nearly all human progress 
have settled that question. 

It is not a new thing to change weights and measures. 
Aside from the recent example set by other nations in the 
radical adoption of the metric system the English weights 
and measures have continually undergone change, though 
the names may have been retained. 

The question may be raised, as it always has been, whether 
the time is opportune for the change. To this the answer 
seems to be that the difficulties are more apt to increase than 
to decrease with the lapse of time.—O. H. Tittman (Coast and 
Geodetic Survey.) 


The subject seems to me hardly to require or to permit any 
extended discussion. It has been familiar to the world, as 
a question of importance in economics and the industries, 
in science and in art, for a century, and the system has 
become general all over Europe and throughout the world, 
except in the United States, Great Britain and their colonies. 
In some cases it is used in these countries, and in others 
generally in their dependencies. The advantages and rela- 
tive disadvantages of its adoption are perfectly well under- 
stood, and have been illustrated by every nation which has 
accepted it. No nation now enjoying its advantages could 
be induced to exchange it for our heterogeneous “system” of 
weights and measures—our no system, rather—and the testi- 
mony in its favor from those who have had experience and 
are best entitled to give trustworthy evidence is practically 
unanimous. The only voices against either the system itself 
or its adoption are usually raised where that experience has 
not been had. It is making progress, slow to be sure, but 
none the less steady, in our country and in Great Brit- 
ain. The question is not, after all, on its adoption, but 
rather regarding the time and the rate of advance toward 
its installment as a national and officially accepted system.— 
Robt. H. Thurston. 


If called upon to adopt the metric system in any establish- 
ment under my control I would make no immediate change 
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in any of the tools, but use them as they are, merely denom- 
inating them in the nearest convenient metric unit. For 
example, call an inch 25 millimeters, and so on with any 
multiple or subdivision of the inch. It would be urged 
against this that there is no correspondence between the 
absolute and nominal dimensions of the tool. This, although 
very desirable, is not absolutely essential; in fact, in many 
of our tools, the dimensions are only nominal and not exactly 
real. It would be desirable, however, to begin to make new 
gages and tools to replace the old ones as they were worn 
out. These could be made of actual dimensions to corre- 
spond closely with the nominal. The consequence would be 
that workshops would have for a period two standards, the 
old and the new; the old applying to all existing products 
and designs, and the new tools to be applied to new designs 
and products. The former would gradually disappear and the 
latter would in time entirely take their place. The manu- 
facturer simply would maintain a double standard—all 
named in metric units—the one gradually disappearing to be 
replaced eventually and entirely by the new standard. 

The subject of screw threads is frequently quoted and the 
difficulty and confusion that would result if we were to at- 
tempt to change our present system. I may ask, in reply, 
why change it at all? If it is good, retain it as it is indefi- 
nitely— James Christie. 


If we were to go to Germany—any one of us—to start a 
workshop we would not undertake to start it on an English- 
speaking basis; we would learn the German language, and 
we would do our business in German. Now, if we are going 
to adopt the metric system, all we will have to do will be to 
learn to think in the metric system. I have known men who 
have been able to master enough of the German language 
in three weeks to get along splendidly in Germany. How is 
this done? Simply by the professor compelling the person 
to stop thinking in his own language and to think in the 
language he is going to adopt. When he is compelled to 
think in that language, it is a very easy matter to teach: him 
to speak in that language; and therefore, instead of making 
our articles four or three feet long, we would make them a me- 
ter long, or a meter and a half long; everything that we would 
make we would think about in accordance with metric sizes 
and metric dimensions.—S. M. Vauclain (Baldwin Locomotive 
Works.) 


Opposed to Metric System. 


The disadvantage of the French metric system is, that it is 
an attempt to measure time, space and matter decimally, 
whereas the decimal system is only specially adapted for com- 
puting numbers. 

Assuming the advantages of the metric system for purposes 
of computation, and as the length of the French meter is 
not a necessary part of the system, would it not be desirable 
to adopt a metric system for this country with a length for the 
meter of 40 inches, whereby 25 millimeters would exactly equal 
1 inch, with measures of weight and capacity based on this 
meter aS in the French system, so that the system could be 
used decimally or by whole numbers and fractions as in our 
monetary system? 

Would any advantages claimed for the metric system com- 
pensate us for abandoning the standard inch and our frac- 
tional and decimal divisions of it, with our engineering liter- 
ature based thereon?—Wm. Sellers. 


The writer was at one time connected with an establishment 
wherein the metric system was employed in one department 
and the English system in the rest of the works. It was his 
experience that foreigners who were used to the metric sys- 
tem, after learning our system, preferred to work with it 
than with the metric in making drawings; in other words, 
preferred to work in the department using our present system, 
rather than in the department where they used the metric. 

The writer spent some time abroad a few years ago, and 
found that for convenience, they used as few decimals as pos- 
sible upon their drawings, as it was difficult in many places to 
find room for the figures, just as we try to avoid fractions con- 
taining too many figures for convenient insertion.—Southwark 
Foundry and Machine Co. (Jas. C. Brooks.) 


Decimal subdivision may facilitate computation on paper, 
especially in adding up many digits, but reckoning in the 
head is much more easily effected with a subdivision by halves 
or thirds. That is clearly the reason why such fractions are 
in constant use in the stock market, even with our much 
vaunted decimal currency established more than a century 
ago. In a multitude of cases, too, it is easier to make a com- 
putation with those easy fractions than to undertake it with 
the more cumbersome tenths, hundredths and thousandths. 
Plainly, the mental computations are by far more frequent 
than ciphering, and would be still more so were we not 
somewhat tied down to the pencil by the decimal system, as 
the Chinaman is to his abacus.—Benj. Smith Lyman. 


In the absence of convincing argument to the contrary, we 
would feel, first, that the metric system in itself is not a bet- 
ter system than the English for the purposes of engineering 
trade; and secondly, even granting its merit, we question 
whether any such enactments of the National Government 
would accomplish the desired ends. We bélieve the American 
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people are too much wedded to the English system to give 
it up because of any national legislation—Brown and Sharpe 
Mfg. Co. (Henry D. Sharpe.) 


In answer to question 3, (Have any valid objections against 
the metric system been urged excepting that the numeration 
cannot be continuously subdivided by two?), I would say that 
there are many more valid objections than the one presented 
in that question. The meter is too large as a unit and a milli- 
meter is too small for uses in the average manufacturing 
process. The use of the decimal point on drawings and the 
use of dimensions expressed in decimals is exceedingly incon- 
venient. The scale of drawings using the metric system is 
much less convenient than the scales which are derivable from 
our present units. If it were not the case that some people 
thought the change desirable, it would be without meaning to 
have the National Government enter the thin edge of the 
wedge. There is much productive business in the country 
bearing no relation to the general government, and those es- 
tablishments which supplied both the government and gen- 
eral public would be put to the expense of carrying everything 
in double standard.—F. R. Hutton, Prof. M. E., Columbia 
University. 


The ones particularly affected are the manufacturers, whose 
standards are all prepared under the duodecimal system; any 
change to a decimal system would mean to such manufacturers 
a very great confusion for a number of years, and while I am 
sure every one would be pleased if all our measures were 
under the metric system, it becomes a financial question 
rather than a theoretical one—New York Shipbuilding Co. 
(Henry G. Morse.) 


In this connection I desire to call the attention of the mem- 
bers of the Institute to an interview I had in 1884 in Hng- 
land with Sir Joseph Whitworth, who, as you are aware, was 
noted for his improvements in the design of machine tools 
and the preparation of standard gages, etc. (He at that time 
was in feeble health, and in point of fact was called from this 
life a short time afterward.) He raised the question of the fu- 
tility of asking foreign nations to adopt the standard of 
England:even with improvements as to the simplification of 
the units of measurement and weight, but he urged that I 
should use my influence to have the United States in the first 
place adopt the meter of 40 inches in place of that now repre- 
sented by a rod of platinum in the archives at Paris, measur- 
ing 39.371, approximately. This change would add only % 
of an inch to the length of the French meter, and this would 
appear less in its subdivision, but it would result in an exact 
correlation between the English unit and its multiple and the 
metric system. As the comparison now exists, we have the 
anomaly of assuming 25.3995 millimeters to be equal to 1 
inch, while if the change suggested by Whitworth were made, 
our unit would be 25 millimeters exactly; 100 millimeters (1 
decimeter) would be 4 inches exactly; 300 millimeters would 
equal 1 foot, and 900 millimeters would be 1 yard. The 
difference of weight that would result from the cubing of these 
dimensions, or any portion of them, and their contents in 
the weight of distilled water at a certain temperature, would 
be insignificant. Already by Act of Congress it has been de- 
termined that for postoffice uses, 15 grams French weight shall 
be taken as equivalent to % ounce, although the weight of 
15 grams is slightly more than the weight of the 1% ounce of 
the postoffice measurement. 

A tailor in France or Germany or any other country where 
the French metric system is legalized has a tape-measure di- 
vided into centimeters and half centimeters, precisely as a 
tailor in America has a tape-measure divided into inches, 
halves and quarters. The finest measurement they have occa- 
sion to use is respectively 1%, of an inch in America, and 5 
millimeters or approximately 1-5 inch in France or Germany. 
The division of material bought and sold by weight into halvés 
and quarters, is natural to the human mind. Its division into 
fifths or tenths is not conceivable. What is possible in money 
is not practicable in the market. Half of the kilogram, nearly 
the equivalent of the pound, had to be legalized in France and 
Germany, and this again is subdivided into quarters, and not 
into ten parts, in such materials as meat and butter.—Cole- 
man Sellers. 


The government is a large buyer of many kinds of manu- 
factured products, and, in order to buy at reasonable rates, 
must buy what the market supplies; that is, must use what 
other purchasers require. For example, we have certain 
standard sizes of pipes and fittings threaded with so many 
turns per inch; these are well recognized, and we are able to 
buy pipe of one man and valves or other fittings of another 
man with reasonable certainty that they will fit one another, 
and many expensive tools and gages are required to produce 
this degree of uniformity. Is it intended to forbid the govern- 
ment to buy such pipe and fittings and require it to have made 
special pipes in millimeter sizes with threads in millimeter 
pitches? It is hardly conceivable that any one understanding 
the subject should recommend such a course. 

The case is the same with our convenient series of bar sizes, 
our sheet and wire gages, our bolts, nuts and screws and many 
other commercial standards in all branches of business. It is 
true that these conventional sizes are perhaps more or less 
crude and imperfect; but they are well understood and serve 
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their purpose, and experience has shown how difficult it is to 
change them when better series have been suggested. It is 
said that we need not change any actual sizes, but simply call 
them by new names. For years we have been trying to in- 
crease the accuracy of the sizes of things—to have the inch 
bar or the inch bolt measure 1 inch in diameter and not more 
or less; but if we must call our l-inch bar a 25-millimeter 
bar, which it is not, it seems to me we are retrograding in- 
stead of progressing.—C. Sellers, Jr. (Wm. Sellers & Co., Inc.) 


Were we to pass upon the simple question of the advisa- 
bility of having a uniform standard throughout the civilized 


world, and without regard to the inconvenience and expense . 


incidental to the change, we would decide in the affirmative. 
We would also be an advocate of adopting the metric system 
on account of its being more universally used than any one 
system, rather than to attempt to force the British stand- 
ards, even though considered as convenient. 

In a general way we are in favor of a common system of 
weights and measures, and the system should be the metric. 
On the other hand, considering the matter in connection with 
our own manufacture, or, to make it more definite, we do 
not believe the time is opportune for adopting this system, 
as it would lead to considerable expense if it were carried 
out to a degree that would make it an international benefit. 
We could readily, and without much expense, express dimen- 
sions of tools, fixtures, etc., in metric symbols, but would this 
be any real advantage unless the pieces so expressed were 
exact duplicates of similar pieces in use by countries whose 
standard is the metric system?—Bement Miles & Co. (W. J. 
Hagman. ) 


The millimeter is too small for the purposes of the work- 
shop, in that it has to be multiplied many times if decimals 
are to be avoided and if all the other subdivisions of the meter 
are to be avoided. If the meter is the unit, then, of course, 
the decimal point would have to be used. 

The Navy Department has, as we all know, adopted the 
Franklin Institute or Sellers thread for bolts and nuts. That 
system enters into all construction by the Navy Department 
and has been used for a great many years. It was on the 
recommendation of the Franklin Institute that this thread 
was adopted by the department, and the change to the metric 
system for the Navy Department in that one item alone would 
be a serious matter. It would be almost impossible to make 
the change in even units so as to make the work as inter- 
changeable as it is now required. The railroads, also, have 
adopted the United States standard thread, and it is now 
in use on every railroad of the country. These standards 
are all in English measure, and the pitches are English; so 
that there would have to be a translation, which means a 
good deal of trouble and expense.—George M. Bond. 
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GEAR CUTTER ATTACHMENT FOR CUTTING 
INTERNAL GEARS. 

From time to time we have described some of the interesting 
tools and devices devised by different members of the Arthur 
Co., New York, and again have an opportunity to present one 
to MACHINERY readers. The present instance is a gear cutting 
machine attachment designed by Mr. John F. Arthur for cut- 
ting internal gears. The firm of which Mr. Arthur is secre- 
tary, make a specialty of gear cutting and have designed and 
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Fig. 1. Internal Gear Cutting Attachment with good Features of Design. 


built a number of interesting gear-cutting machines for spur 
and spiral gear cutting. So the device illustrated in the ac- 
companying cuts, is in line with their regular work. 

The attachment for cutting internal gears, is shown in Figs. 
1, 2 and 8, the first view being made from a photograph and 
the others from the working drawings, to show the construc- 
tion. The device consists of a cast iron frame made in two 
parts which carries four spool gears for transmitting motion 
from the machine spindle to the cutter. Fig. 1 shows that 


MACHINERY. 


November, 1902. 


these gears are right- and left-hand spirals. They are made 
in this way, of course, to get the smooth driving action charac- 
teristic of spiral gearing, and to avoid the end thrust that 
accompanies single spirals. The gears are alternately steel 
and bronze; that is, gears H# and OC, Fig. 3, are bronze and 
gears D and A are steel. The steel gears turn on bronze bolts 
and the bronze gear C turns on a steel bolt. THe reason for 
this is to have both the gears and their bearings in: contact 
with different metals in order to get the best wearing results. 
This of course does not apply to the bearing of gear H as it 
was necessarily mounted on the driving arbor attached to the 
machine spindle. 
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Gear A is made in two parts designated A and A’ in Fig. 2. 
A portion of A is turned to a sleeve of smaller diameter to 
form a seat for the cutter B and the gear A’ The end thrust 
of A and A’, when driving the cutter in the proper direction, 
is toward the cutter, thus tending to hold them solidly against 
the cutter. The advantage of this is obvious since if the 
spirals were reversed the thrust would be outward which 
would necessitate a fastening device to hold them to the cut- 
ter. Otherwise the thrust would force the gears against the 
side walls of the frame and cause excessive friction. Another 
excellent feature of design of this portion of the device, is 
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that the key driving the cutter is integral with the sleeve of A, 
being machined from the solid. We may also call attention 
to the key, or feather F, for transmitting motion from the 
arbor to the gear EH. This is made dovetail form and tightly 
fitted in EZ. The sides of the feather are made radial in the 
arbor. This type of driving feather has been used for a num- 
ber of years by the Arthur Co. in their various machine tools. 
The good features of this form of construction were com- 
mented on in the June, 1902, issue in connection with “Some 
Features of Rolling Mill and Engine Design.” 

Special B. & S. cutters, 5 inches in diameter, are used on the 
attachment. The extreme width of internal tooth that can 
be cut is 3144 inches. 
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RECLAIMING GOLD FROM THE BEDS OF RIVERS 
—NOVEL GOLD DREDGING MACHINE. 

Prof. Shaler, the noted geologist of Harvard University, 
declared a year or so ago that he believed the total production 
of gold throughout the world would eventually be greater 
than that of silver. He pointed out that while silver is ob- 
tained in large quantities, it is only gained by expensive mining 
operations, so that the price per ounce must always cover 
a relatively large labor cost. In the case of gold, however, 
there are possibilities of obtaining great quantities at a 
comparatively low labor cost by river and ocean dredging. 
There are great deposits of gold-bearing sands at the mouths 
of all great rivers draining gold-producing area such as, for 
instanee, the Sacramento in California and the Yukon in 
Alaska. These gold-bearing deposits could be handled in 
immense quantities if the proper dredging machinery was 
provided, and at very low expense. Professor Shaler pre- 
dicted that dredging machines would be so perfected that 
the lifting and separating of the precious metal from the 
ocean deposits would cost so little in proportion to the 
amount of gold recovered that it would become a most profit- 
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as checks. These hang in a perpendicular position, which 
reduces to a minimum the possibility of sand and pebbles 
preventing their seating properly. The advantage of sucking 
the deposits from the bed instead of lifting them mechan- 
ically, as with a bucket dredge, is that it causes only a local 
disturbance at the mouth of the inlet pipe. A bucket dredge, 
on the other hand, disturbs a large area of the bottom and 
constantly tends to cause the gold to sink lower and lower, 
where it finally becomes out of reach. Gold has a specific 
gravity of about 19.3, so it always seeks the lowest levels, 
tending all the while to lodge in cavities and crevices where 
it cannot be recovered except by a powerful suction. The 
general appearance of the machine shown is crude, and the 
design, aside from the central idea, is not attractive, but it 
appears, nevertheless, to have possibilities that may make 
Professor Shaler’s prophecy come true before long. 
* * * 
RAPID WORK WITH STEAM SHOVELS. 

Probably the most interesting steam shovels in the world 
are to be found on the “Mesabi Range,” one of the five dis- 
tricts ‘which go to make the Lake Superior mining region. 
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The Bewsher Dredging Machine for Operating in the Gold Bearing Deposits in the Mouths of Rivers. 


able and productive industry, since it is one that would only 
be limited by the number of machines at work, the supply of 
gold-bearing sands being practically inexhaustible. 

The production of gold by the present methods on land is 
an enormously wasteful occupation, considering all the miners 
and prospectors engaged in it and the total return. It has 
been estimated by competent authority that every dollar’s 
worth of gold in circulation at the present time has cost a 
day’s labor or more in the aggregate. Some men have won 
great prizes, but many have gained nothing and perhaps lost 
their lives in the search. The gold-dredging machine when 
perfected after the conception of Professor Shaler would 
make a fixed daily production almost an absolute certainty. 

A novel machine for gold-dredging is illustrated herewith, 
known as the Bewsher dredging pump, which will be found 
somewhat interesting on account of certain mechanical feat- 
ures. One of these is that the pumps are in effect mechanical 
pulsometers. That is, they can handle muddy, gritty water 
or even water carrying large pebbles without damage to the 
working parts, the same as the steam pulsometer, but at 
a much higher efficiency in the matter of steam consumption. 
This machine is designed for river dredging, where the gold 
pearing deposits may be discharged on land and there passed 
through sluice boxes. For ocean work it would, of course, 
be necessary to have all the apparatus on board and to have 
the dredge a much stronger and more seaworthy vessel. 

The pumps HH’ are attached to opposite ends of a walking- 
beam which is operated by a 20 H. P. steam engine. AS a 
plunger rises the water from the ocean or river bottom flows 
through the 8-inch inlet pipe into the large receiving cham- 
bers and at such velocity that the mud and pebbles are lifted 
bodily, carrying the gold nuggets and fine gold with it. 
Twelve cubic yards are handled per minute, which means 
a velocity (17 feet per second) sufficient to carry 25 per cent 
of granular matter in suspension or three cubic yards per 
minute. To prevent the grit getting on the plungers and 
cutting the wearing surfaces a spray of clean water is con- 
stantly injected around the plungers just beneath the stuffing- 
boxes. Clack valves are provided with leather hinges to act 


Here they render possible in its present scale of magnitude 
the so-called “open-pit” mining, the shoveling of iron ore 
directly from its natural resting place in the earth to the 
railroad cars which are to carry it to market. An “open-pit” 
mine is nothing more nor less than an immense hole in the 
ground, perhaps half a mile square. Into this railroad sidings 
are run, as they might be into a vast stone quarry, and in 
some of these mines, where fully a million tons of ore are 
taken out each year, there are in operation simultaneously 
anywhere from half a dozen to a dozen of the large shovels. 

Remarkable records of rapid loading are made by these 
shovels. As a rule five trips of the dipper are required to 
fill an ordinary freight car, but so rapidly is the long arm 
raised and lowered that it is accounted slow work if more 
than five minutes be consumed in loading a car, and not 
infrequently cars are fully loaded and pushed out of the way 
of the shovel at the rate of one every two minutes. From 
eight to a dozen men are required to operate a shovel of 
fair capacity, and by steady work they can place fully 7,000 
tons of ore aboard the cars in a single working day. In order 
to make such a record as this, however, it is necessary that 
the men have an opportunity to work on the side of a pit 
or mine, where it will not often be necessary to resort to 
blasting to loosen the ore, so that it may slide down to the 
shovel, and it is further essential that a locomotive be con- 
stantly at hand to shift the cars as rapidly as they are filled, 
thus preventing delay.—Philadelphia Record. 


* * * 


The following wonderfully intelligent note recently ap- 


peared in a New York daily: 

That it pays to use a smoke-consuming plant has been 
demonstrated at the New York Post Office. The building was 
formerly provided with a 6 horse power steam plant that used 
24 tons of hard coal a day. This plant was removed and 
a 12 horse power smoke-consuming plant put in its place, 
which uses only 18 tons of soft coal a day. Thus double 
the power is obtained from one-fourth less coal, and, while 
money is saved, no nuisance is created. This seems to show 
that a smoke-consuming apparatus will soon pay for itself. 
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THE LIGHT UNDER THE BUSHEL. 


A somewhat remarkable example of the policy of secretive- 
ness which some manufacturers are wont to adopt occurred at 
a recent meeting of the American Electrochemical Society, at 
Niagara Falls. Of the score or more electrochemical indus- 
tries in that city only five permitted the delegates to the con- 
vention to visit their works. Of these five were, the Carborun- 
dum Co., well known to our readers, and the Atmospheric 
Products Co., to whose remarkable work we referred in our 
July number. 

While we are well aware that there are cases where it is 
advisable to withhold information about processes and to keep 
one’s methods secret, we believe that more often it is a mis- 
taken idea. Does anyone suppose that the five industrial es- 
tablishments at Niagara where visitors were admitted will 
suffer from their open-door policy or lose money or business 
that might have been retained had “No Admittance” signs 
been posted there? Or is it probable that those who declined 
admission will have acquired benefits thereby that will not be 
shared by their more liberal neighbors? On the contrary, the 
latter secured some valuable free advertising that will almost 
certainly bring results at some future time. 

We recently visited an establishment, with a view of writing 
a description of its general practice. A simple method of 
chucking a piece in the lathe was alluded to by the proprietor 
with the request that a description of it be left unpublished, 
as it was, in a sense, a proprietary idea, originated in the de- 
velopment of the business. Of course the request was granted, 
but in visiting a rival concern in another city a little later, 
precisely the same process was found to be in use there. This 
is what might have been expected, for every live, enterprising 
concern generally has methods which compare favorably with 
those of competitors, accomplishing substantially the same re- 
sults and in about the same time; otherwise it would not be 
able to compete. As a matter of fact it is not possible to keep 
much information of this character a secret where workmen 
are employed who are liable to change positions, who talk 
with workmen in other factories and who travel to a greater 
or less extent. In these days it is seldom that a firm has a 
process that is not known or used somewhere else, at least 
in an equivalent form. People who have advanced to corre- 
sponding levels in civilization generally have and do about 
the same things, whatever their color or place of birth, and 
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many instances could be quoted to show that a similar law 
holds in the development of industries. 

And how is it with the individual workman? Years ago a 
machinist acquired his information and skill through his own 
personal experience. It was his stock in trade and he was 
very reticent about giving away to others what had cost him 
so many years of hard work to learn. But education has 
changed all this, and to show how such is the case we are 
able to quote a very apt sentence from one who is a foremost 
leader in the practical education of practical men: 

In a recent address, President Pritchett, of the Massachu- 
setts Institute of Technology, says: ‘One of the great advan- 
tages of education is the preparation which enables a man to 
learn from other people, without having to wait to learn, bit 
by bit, from his own hard experience.” The experience of 
those who have gone before is to be found in books; of those 
who are working to-day, in the technical papers; and one can 
acquire many times as much information from these sources 
as he could obtain without them. He can also gain informa- 
tion by traveling and by observation. There is so vast a store 
of common knowledge to be had from these sources that, ex- 
cept in very rare instances, a man will gain nothing whatso- 
ever by trying to withhold the little mite he has himself found 
out. If aman has really become proficient in any line of work 
let him publish his ideas, tell other people about them, explain 
his methods, and do as much as he can to teach others the 
same work. If his methods are found to be good ones his fame 
will widen, he will be consulted as an authority and will be 
in demand as a workman. If he does not do this, he may feel 
reasonably sure that some other person will, and that this 
other person will be the one who wil! eventually pull ahead, 
other things being equal. 
oe 85 83 


THE ENGINEERING AND SHOP EDITIONS. 


The many expressions of approval that have come to US. 
regarding the engineering edition of MACHINERY indicate that 
the paper in its new form will meet the needs of a much 
larger number of readers than ever before, The reason for 
this is obvious. There is a demand for a publication dealing 
with the design, construction and operation of machinery, 
which covers its field in a complete manner. We have long 
realized that it was not possible to publish a technical peri- 
odical at a dollar a year that was as complete as it should be 
to enable one to keep in touch with mechanical thought and 
progress, and the two-dollar or Engineering Edition is the 
result. ; 

Several subscribers to the dollar or Shop Edition have asked 
us whether, if they change to the Engineering Edition, they 
will still have all the matter contained in the Shop Edition. In 
reply, the Engineering Edition contains all the reading matter 
and advertisements appearing in the Shop Edition, and there 
are, besides, from 16 to 24 pages of general and current engi- 
neering matter. A data sheet containing four 6 x 9 pages of 
notes, tables, charts, etc., for notebook use also accompanies. 
every number of the Engineering Edition. 

In addition to articles upon machine design and general 
engineering subjects, the extra pages contained in the Engi- 
neering Edition have several features that make the paper 
of great value to a person wishing to keep in touch with. 
mechanical progress without having to take the time neces- 
sary to look through a large number of different publications. 
Among these are: A summary of the leading technical and 
mechanical events of the month; a digest or summary of the 
most valuable articles appearing in the other technical papers; 
and a summary of the most valuable papers presented before 
the various engineering societies. 

As stated above, the price of the Engineering Edition is. 
$2.00 a year, or double that of the regular edition that has 
heretofore been published, and it will be found more than 
twice as valuable to the busy technical reader. The Shop 
Edition corresponding to the regular edition heretofore pub- 
lished is issued at $1.00 a year. Most of the matter of a 
technical nature upon machine design that has sometimes. 
appeared will now be transferred to the Engineering Edition, 
giving more room in the Shop Edition for articles upon shop 
methods. 
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THE POSSIBILITIES OF LIQUID FUEL. 


The great coal strike and resulting coal famine have turned 
attention to the possibilities of liquid fuei and although many 
extravagant claims have been made for it, petroleum can un- 
questionably be used profitably in many sections of the coun- 
try. News items in the daily and weekly papers from all 
parts of the country indicate that the scarcity of coal has 
caused many power users to at least investigate the question 
of liquid fuel and in numerous instances to install oil-burning 
apparatus. 

The use of petroleum has not increased in the East to so 
great an extent as might have been expected, largely because 
there have been no facilities for bringing the Texas oil to 
Northern cities. Government regulations are such that the 
coastwise carrying trade must be by American-built ships, and 
it has been necessary to refit or to build American vessels for 
this purpose. Shipyards are busy upon such contracts and 
within the course of a few months it is estimated that 25 tank 
steamers will be running between Texas ports and Philadel- 
phia, Baltimore and New York. 

On the Pacific coast liquid fuel is meeting with success. The 
California oil fields have yielded so abundant a supply during 
the past two or three years that the power situation has been 
materially changed. The high price of coal in California made 
steam power almost a luxury, compared with some other sections 
of the country, and as the State has great water resources it 
has led the country in plants operated by water, with electric 
transmission. It is stated by the Engineering News, however, 
that at the present time California steam plants using fuel oil 
at 70 cents per barrel are producing power at a total cost for 
fuel and labor of only $34.60 per indicated horse power per 
year of 318 days of 24 hours each. Wherever oil can be readily 
transported it is exerting a marked influence from one end 
to the other of the Pacific coast. As far north as the Columbia 
and Yukon Rivers oil is being considered in place of cord- 
wood, now used, the only obstacle to its adoption being where 
steamers go within the domain of the Dominion Government, 
whose laws do not permit the use of oil for passenger boats. 

The first steamship to sail from San Francisco using Cali- 
fornia oil was the Enterprise, and since that time there is 
said to have been over 50 vessels equipped for service on the 
Pacific, many of which visit Japanese ports. It not only re- 
quires less weight of oil than coal for a given trip, but much 
less time for taking on a supply of fuel. This was strikingly 
shown in the case of the steamer Nevadan, which made a trip 
from New York to Honolulu and return. Part of the way 
she used coal and it required two days to fill her bunkers. 
The balance of the trip was made with oil as fuel and 4,500 
barrels were stored in her tanks in five hours. 

The most interesting event in the use of fuel oil for marine 
work is the tests lately made on the steamer Mariposa, which 
sailed between San Francisco and one of the Society Islands. 
A Government engineer was on board to render a report to 
his department. While the Bureau of Steam Engineering is 
not ready to give detailed information with regard to these 
tests, a few general facts are known. The vessel has a dis- 
placement of 3,160 tons and covered a distance of 3,438 miles. 
The average daily run was 354 knots; the oil consumed daily, 
278 barrels—or 3,720 pounds per hour. This was equivalent 
to 14% pound of oil per horse power hour or 50 per cent. less 
than the weight of coal required for similar service. Only 
12 out of the 18 furnaces were used and the engine and boiler 
room force was reduced from 36 to 20 men. 

Turning to railroads the Southern Pacific have about 400 
of their locomotives equipped with oil burners; the Atchison 
have one-third of their locomotives refitted and several roads 
are using oil to a less extent, as for example the Boston & 
Maine for its Hoosac Tunnel service, and the Kansas City 
Southern Railway. 

The advantages claimed for liquid fuel are somewhat as fol- 
lows: It is easily and cheaply handled, clean, and produces 
a very efficient fire; furnace doors need not be opened in 
firing; no ashes to cart away; fire can be easily regulated; 
increase in steaming of the boiler and reduction in the boiler 
room force. As opposed to this are the claims that the fire 
is too intense, injuring the boiler shell, and that the flues be- 
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come coated with a deposit owing to the fact that perfect 
combustion is not always secured. In locomotives this coat- 
ing is removed by the sand blast, sand being thrown into 
the firebox and carried through the tubes by the powerful 
draft. In stationary and marine work this method is not 
available, as a matter of course. 

The relative values of coal and oil for fuel depend almost 
entirely upon the locality. Where the oil can be easily trans- 
ported and coal cannot, oil has the advantage. Prof. Wm. B. 
Phillips, of the University of Texas, estimates that from 
2% to 4 barrels of Texas oil are equivalent to one ton of coal, 
according to the quality of the coal. A pound of the oil will 
give up from 17,000 to 20,000 B. T. U. as against 13,500 for 
coal. In Kent’s “Steam Boiler Economy” several data are 
published upon the efficiency of fuel. A test by the Twin 
City Rapid Transit Co., of Minneapolis and St. Paul, showed 
that with coal at $3.85 per ton of 2,000 pounds, of a quality 
that would evaporate 714 pounds of water per pound of coal; 
and with Lima oil costing 21%, cents per gallon, and weighing 
6-6/10 pounds per gallon, the two fuels were equally economi- 
cal. A member of the Engineers’ Club of Philadelphia in 1892 
stated that 1 pound of anthracite coal evaporated 9.70 
pounds water; 1 pound bituminous coal, 10.14; and 1 pound 
fuel oil, 36 degrees gravity, 16.48. The calorific energy of 
petroleum was estimated to be 60 per cent. greater than that 
of bituminous coal, although theoretically petroleum would 
exceed coal only by about 45 per cent. Other tests could be 
quoted and instances multiplied to indicate the prominence 
of petroleum fuel for various kinds of service, but a mere 
collection of statistics would be of no particular interest. It 
is evident that people are now more familiar with the advan- 
tages and disadvantages of petroleum than before the coal 
strike, and more will use it than ever before and its use will 
continue to increase until the demand for it is equal to the sup- 
ply, which unfortunately will probably become less rather 
than more in future years. 

Be BE ES 


LOCOMOTIVE MANUFACTURE IN THE UNITED 
STATES. 


The census bulletin on the manufacture of locomotives in 
the United States compiled by Edward H. Sanborn, records 
2,831 steam, 55 compressed air, 155 electric and 5 gas 1loco- 
motives built during the census year 1900. There were 28 es- 
tablishments whose sole or chief product was locomotives. 
These works turned out 2,774 locomotives, employed 19,039 
wage earners and paid them $10,899,614 wages. The value of 
the locomotives built was $27,121,063. In addition there were 
272 locomotives built in 26 railroad shops, making a total of 
3,046, having a total value of $30,397,456. The average value 
of the locomotives built in 1890 was $8,199, while that of the 
2,774 built in the locomotive shops in 1900 was $9,777, or an in- 
crease of 19.2 per cent. This increase is due in part to changes 
in size and construction. 

It is pointed out that in 1890 a freight car having a carry- 
ing capacity of 60,000 pounds, was thought adequate for all 
ordinary purposes, but in 1900 the limit has been increased to 
100,000 pounds, while cars of even greater capacity are being 
constructed. The increase in size has been made possible by 
the substitution of steel for wood. The géneral application 
of air brakes to freight cars enables freight trains to travel 
at higher speeds than was possible a few years ago. The in- 
creased size of the cars and the higher speeds have made 
necessary the greater size of locomotives. The important fea- 
tures of this development are larger boilers with thicker 
shells; larger fireboxes and increased grate area; higher 
steam pressure; the substitution of steel castings for cast iron 
or wrought forgings; compounding, etc. 

In 1890 the average weight of locomotives built in one plant 
was 92,000 pounds for the engine alone, exclusive of the ten- 
der. In 1900 the average weight of locomotives built in the 
same establishment, was 129,000 exclusive of the tender. The 
average weight including the tender was 158,534 pounds, or 
79.3 tons. The largest locomotive built weighed about 133 tons, 
or 190 tons with the tender, and it is not safe to say that this 
limit will not be exceeded. In 1870 the average steam pres- 
sure was 130 povads; in 1890 it was 160 pounds; and pres- 
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sures have been increased 25 pounds or even more in the last 
ten years. Locomotives carrying 225 pounds are frequently 
built. The average thickness of boiler plate in 1890 was YY 
or 9-16 inch for the shells, but now it is quite common to use 
plates % inch thick. 

Considerable valuable information is given in the bulletin 
relative to compound locomotives. It says that the principle 
of compounding is not new, patents for compoun/ locomotives 
having been issued in the United States as early as 1846. The 
Shepard Iron Works, Buffalo, N. Y., built a compound engine 
in 1867. 
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NOTES AND COMMENT. 


REVIEW OF CURRENT EVENTS, TECHNICAL AND 
MECHANICAL. 

The Massachusetts Institute of Technology, Boston, the 
largest technical school in the country, has opened this fall 
with 1,600 students, an increase of nearly 200 over last year. 
The freshman class numbers over 500. This unusual growth 
has taken place, moreover, in the face of the establishment of 
courses in engineering by many of the academic or classical 
colleges, especially throughout the central West. It is very 
evident that there is a decided tendency towards technical 
training. 


In the October number of Macuinery reference was made 
to the Kaiser Wilhelm II., which was launched August 12, 
as “the largest steamer in the world.” This claim was, how- 
ever, but short lived, for at nearly the same time that the 
Kaiser Wilhelm II. was launched by the North German Lloyd 
the White Star Line launched, at Belfast, the Cedric, to which 
the above title now belongs. Though 614 feet less in length 
than the Kaiser Wilhelm II., the extra breadth and draft of the 
Cedric give her a displacement 12,000 tons in excess. The 
Cedric is practically a sister ship to the Celtic, but exceeds 
that vessel in displacement by about 1,000 tons. She is 700 
feet in length, 75 feet in beam, 49 feet in molded depth, and at 
her maximum draft of 3614 feet (to which, by the way, she 
cannot be loaded until the new 40-foot channels are dredged) 
she will displace about 38,500 tons. 


A remarkable plan has been proposed for handling trains 
on the West Va. Central R. R. In passing through Tucker 
County it is impossible to maintain more than a single track 
because of the wildness of the country. In one place the 
road passes down through a deep gorge and afterwards up a 
heavy grade connecting Hendricks and Elkins, West Va. The 
location and grades of this track are very disadvantageous for 
handling freight in both directions, and it is proposed to use 
the gorge route only for west-bound trains and to overcome the 
obstacles in the way of locating an east-bound track elsewhere, 
by providing an elevator or an immense moving platform for 
raising a whole train loaded with coal or merchandise to the 
height of 1,000 feet, up the side of a precipitous slope of the 
great “backbone mountains.” If this is done, electric power 
will be used, of which there is an abundance in the vicinity. 


The late Henry A. Rowland, physicist and mathematician of 
the Johns Hopkins University, Baltimore, Md., is perhaps 
best known by his establishment of the mechanical equivalent 
of heat at 778 B. T. U., now so generally used in calculations. 
The extent of his scientific work, however, was very remark- 
able, and he made noteworthy achievements in various direc- 
tions. Among these was a system of telegraphy called the 
Rowland Octoplex system, which secures a simultaneous send- 
ing of eight telegrams on one wire—that is, four telegrams 
in one direction and four in the opposite direction. Twenty 
thousand words an hour can easily be sent, and if emergency 
requires this may be increased to nearly thirty thousand. The 
transmitters used resemble typewriters. A complete installa- 
tion has four keyboard transmitters and four receiving instru- 
ments, which print the messages in Roman type. A tele- 
graph line thus equipped has been established between Berlin 
and Hamburg, Germany, and a second one is now under con- 
sideration. 
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The occasional interviews with Nicola Tesla published in the 
daily papers represent his schemes as being so visionary that 
it is often wondered whether he is actually engaged in any 
substantial work for the advancement of electrical science. 
His achievements in the development of alternating currents 
have been so remarkable that it seems incredible that he 
should be giving his attention to plans considered wholly im- 
practicable by eminent electricians. It will be new to most 
readers to know that he is actively engaged in laboratory 
work on a large scale. He has completed a new laboratory at 
Wardenclyffe, L. I., about 65 miles from New York. This is a 
large building, and Westinghouse, Church, Kerr & Co. are to 
supply the power plant equipment. A large steel tower of 
peculiar construction has been erected in the vicinity, under- 
neath which is a deep pit. The use of this structure can only 
be conjectured, as Mr. Tesla always prefers to observe great 
secrecy with regard to his experimental work. It is supposed, 
however, that the tower is intended for experiments with wire- 
less telegraphy and wireless power transmission, and that the 
pit is for the purpose of obtaining a more perfect ground con- 
nection. 


The Iron Age says that the rivets through the keel of the 
seven-masted schooner Thomas W. Lawson, which was 
launched from the Fore River shipyards a short time ago, 
were nearly 5 inches in length by 1144 inch in diameter. 
It was not possible to upset these properly with an ordinary 
yoke, one arm of which served as the anvil to resist the blows 
of the pneumatic hammer carried by the other arm. To have 
made the anvil heavy enough to accomplish the purpose 
would have produced a tool extremely awkward and difficult 
to handle in the cramped quarters underneath the keel. The 
difficulty was overcome by doing away entirely with the anvil 
and substituting a second pneumatic hammer. The two harn- 
mers, one on the end of each arm of the yoke, worked per- 
fectly and there was no further trouble in making the rivets 
fill the holes completely. The strokes of the hammers were 
so exceedingly rapid that it made no difference whether they 
worked synchronously or not. 

The same scheme was tried at the William R. Trigg Co.’s 
shipbuilding plant at Richmond, Va., with very satisfactory 
results as we were informed by Mr. William Burlingham some 
months ago, who has applications filed for patents on the 
system. 


OCEAN TRIAL OF THE SUBMARINE BOAT “FULTON.” 

The submarine boat Fulton recently made a trial trip 
from New York to Washington, on the outside, under its 
own motive power. This is the longest trip ever made by 
this type of boat on our side of the Atlantic. The jnten- 
tion was for a longer trip, which would no doubt have suc- 
ceeded but for the rupture of a pipe, due to the accumulation 
of sulphuric acid fumes around the storage batteries, which 
terminated the trip until repairs could be made. No serious 
damage was done to either the boat or the machinery. This 
trip was the second of a series of trials that are being car- 
ried on to demonstrate the value of this type of boat. The 
first occurred on November 5, 1901, when she was submerged 
for a period of 15 hours, during a storm, without any incon- 
venience to the crew. 

Six boats of this class are being built by the U. S. Gov- 
ernment at a cost of $170,000 each. The Fulton is 63 feet 6 
inches long and has a diameter at the largest part of 11 feet 
9 inches. For running on the surface a gasoline engine, 
capable of developing 160 H. P. is used. This is calculated to 
produce a speed of 7 to 10 knots per hour. Under water the 
boat is run by electricity furnished by storage batteries. One 
charge will last six hours and develop 70 H. P. The arma- 
ment consists of five Whitehead torpedoes which are 11 feet. 
8 inches long and carry sufficient explosive powder to destroy 
the largest vessel ever built. Running out behind the boat 
are two rudders which, when bent down or up, cause the 
boat to sink or rise. She can dive out of sight in about 15 
seconds and may be sunk to a depth of 100 feet. 

If these boats do the work for which they are intended, ex- 
perts say that every naval power must have them and there 
will be as great a revolution in ships as when sails were 
superseded by steam power. 
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ANOTHER INTERURBAN ELECTRIC RAILWAY. 


The October 9th number of the Engineering News contains 
an extended account of the recently completed Aurora, Elgin 
and Chicago third-rail electric line. This is one of several 
similar lines that have been built or are now being con- 
structed in this country. Now that the alternating system 
of electrical distribution has become so well adapted to such 
lines the development of interurban electric railways, even 
between quite distant points, may be expected to be rapid. 
The railroad in question has a main line 33 miles long, one 
branch 1614 miles, and a branch 6 miles long. Twenty-one 
and one-half miles are double track, and the whole system con- 
forms very closely to ordinary steam railway practice in loca- 
tion and construction. The railway is built entirely on its 
own right of way, and its construction has involved some 
heavy cuts and embankments, bridges, etc. 
operated by trains instead of single cars, using the multiple 
unit system, in which each car has its own motive power, 
but all the motors are controlled from the forward car. The 
cars are 47 feet 3 inches long, weigh 74,000 pounds and have 
125 horse power motors. ‘The wheels are 36 inches diameter. 

The power station for the entire line is at Batavia, IIl., 
and has three 2,200-horse power Cooper-Corliss engines with 
General Electric generators. An alternating current of 26,000 
volts is employed for this distribution. It passes over high-ten- 
sion cables to substations, located ten miles apart on the line 
of the railway. In the stations are stationary transformers 
which reduce the current to 420-volt alternating, from whence 
it enters rotary transformers that deliver a 600-volt direct 
current to the third rail, which is used in preference to trol- 
ley wires. 


THE COMING AUTOMOBILE SHOW. 

The automobile show to be held in Madison Square Garden, 
New York, January 17-24, 1903, promises to be the most suc- 
cessful event of the kind that has yet been held in America. 
Over one hundred concerns will be represented by machines of 
their construction, but it should not be assumed that there 
are that many automobile companies manufacturing automo- 
biles alone. Many of the machines to be exhibited are the 
work of firms building machines as a side issue. At the auto- 
mobile show held in New York last November, 92 companies 
were represented and 150 machines shown. 

As an indication of the unsettled condition of the automo- 
bile business it may be mentioned that, of the firms taking 
part in the exhibit of last year, only a few more than one-half 
will be represented this year, the remainder being new con- 
cerns that have sprung into existence in place of those having 
gone out of business. While the progress of the automobile 
industry may follow the upward trend of the now defunct 
bicycle boom, it must necessarily be slower and on more con- 
servative lines. The sudden and tremendous popularity of 
the bicycle is only equaled by the suddenness of the loss of 
public interest in it. Only six years ago the greatest of bicycle 
shows was held in Madison Square Garden, and now we learn 
that the greatest bicycle concern of all, and the pioneer at that, 
the Columbia Bicycle Co., has closed its bicycle plant at Hart- 
ford, Conn. The growth of the motor-driven vehicle in popu- 
lar favor, is slower, and it is fair to believe that it will be 
much more permanent. The ultimate test of the permanency 
of the automobile will be how well it serves utilitarian pur- 
poses, and that it will do this well, there is little doubt. 
The motor-driven vehicle is destined to become the principal 
factor in moving freight in city streets, to the exclusion of the 
horse-drawn dray and truck. As a vehicle of pleasure it has 
been an instrument of education, demonstrating the possibili- 
ties of motor-driven vehicles. It does not matter if these ex- 
periments have been carried out to satisfy the whims of wealthy 
patrons, the results redound to the benefit of everyday com- 
mercial interests by making practical machines possible. 


* OK OK 


An immense oil “gusher’” has been struck at Cotella on the 
South Alaskan coast. The spouting oil rose nearly 200 feet be- 
fore it could be capped. It is said that the oil is of good qual- 
ity and is worth $4 a barrel at the well. About 10 miles of 


coast line in the Cotella region have been located for oil bor- 
ings. a eit 
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CONVENTION OF THE NATIONAL MACHINE 
TOOL BUILDERS’ ASSOCIATION. 


The annual meeting of the National Machine Tool Builders’ 
Association was held at the Hollenden, Cleveland, Ohio, on 
October 14 and 15, twenty-eight members being present. The 
subject of prices was not discussed, most of the time being 
devoted to perfecting and extending the organization, which 
was originally formed by the manufacturers of lathes, and 
later extended to include makers of drills, planers and milling 
machines; and it is now the intention to invite all machine 
tool builders to join. A number of trade problems were dis- 
cussed and a committee appointed to recommend a uniform 
practice in relation to furnishing attachments and accessories 
to machine tools. A paper on the introduction of the metric 
system in this country was read by Mr. F. A. Halsey, covering 
the results of a month’s research on the advantages and disad- 
vantages of the metric system of measurement as applied to the 
machine tool trade of this country, and showing that the 
change would result in great confusion and expense which it 
would be difficult to estimate, and which would extend over 
many years, without any corresponding advantage. 

Mr. Fred. Geier, of the Cincinnati Milling Machine Co., also 
submitted a statement carefully prepared by Mr. E. M. Chase, 
the superintendent of that company, showing that the actual 
loss in changing small tools such as drills, reamers, gages, etc., 
now used in their work would amount to over $50,000; and 
this sum includes no allowance for loss of time while the 
workmen are becoming accustomed to the new measurement. 

The change not being simply the alteration of English di- 
mensions into metric, but a complete change to the metric 
basis, Mr. Geier states that in his opinion the best way to 
make the change would be to start an entirely new establish- 
ment with new tools, drafting room and pattern shop. Keep 
everything separate from the old establishment until the new 
is running in good order and then drop out all of the old ex- 
cept that needed to keep up the repairs. This may seem to be 
an expensive method but when the number of things to be 
altered is considered it appears in a different light. 

In Germany the metric system has been in operation, theo- 
retically, for 29 years, yet the two systems of measurement 
are still in use, as is also the case in 33 other countries where 
the system has been started. 

The difficulties of the change will be felt most by those 
establishments manufacturing duplicate work in large quanti- 
ties by the use of special tools, jigs, etc. Here the change will 
amount virtually to shutting down and starting again under 
the new conditions. This would entail a great loss of time for 
making new tools, new drawings, jigs, etc., and changing over 
all of the large tools to the new system. In the manufacture 
of large machinery this matter would, of course, be less seri- 
ous. 

Another objection to the adoption of the metric system 1s 
that even after all these years no standards have been adopted 
by the metric countries for screws, gears, bolts, etc., and an 
attempt to apply our present standards to metric measure- 
ments would lead to cumbersome and impractical dimensions. 

Coming to the point of just what must be altered or re- 
newed in changing the system, the case was cited of a factory 
employing 300 men, engaged in the manufacture of milling ma- 
chines. The following is a list of the tools that would have to 
be substituted for those at present in use in the above men- 
tioned factory in order to change from the English to the met- 
ric standard: 

4,000 twist drills of various sizes, 525 counterbores, 1,008 
reamers, 905 mandrels, 1,460 gages, 107 chasing tools, 1,300 
taps and hobs, 198 boring bars, 2,000 cutters, 255 screw ma- 
chine forming tools, 1,008 jigs, 315 special cutters and gang 
mills. 

The estimate value of which, as above mentioned, would be 
as previously stated, $50,000. 

After an informal discussion, a committee consisting of 
Fred. A. Geier, P. E. Montanus and Fred. Eberhardt, was ap- 
pointed to draw up a set of resolutions. This committee pre- 
sented the following resolutions, which were adopted: 


Wuereas the members of the National Machine Tool Build- 
ers’ Association, in convention assembled, having carefully 
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considered the provisions of house bill H.R. 2054, do hereby 
emphatically protest against the enactment of said bill be- 
cause: 

First, The experience of Germany in which the old measures 
are still in large use has shown that the change cannot be com- 
pleted even after a generation of confusion. 

Second, The sale of many million dollars’ worth of machine 
tools, has been made abroad, by members of this Association, 
especially to France and Germany, without requirement or re- 
quest, by the purchasers, for changes in general construction, 
to conform to metric measurements, the only changes being 
in adjusting and measuring screws; the great majority of ma- 
chines needing no changes whatever. 

Third, The adoption of the metric system would entail an 
enormous first cost of new equipment to conform to the new 
standards, a constant increased cost in the maintenance of a 
double standard for repairs and renewals, and a consequent 
increased cost of the product to the consumer. 


The formation of the Association has already resulted in an 
extended acquaintance among its members, and a better under- 
standing of the various problems which confront the machine 
tool manufacturer; and with the increase in membership it 
is confidently expected that its field of usefulness will be en- 
larged. 


The following firms were represented at the meeting: 


C. H. Alvord, Hendey Machine Co., Torrington, Conn. 

B. F. Barnes, B. F. Barnes Co., Rockford, Ill. 

F. W. Boye, Schumacher & Boye, Cincinnati, O. 

W. H. Carpenter, Rahn, Mayer & Carpenter Co., Cincinnati, O. 

W. P. Davis, W. P. Davis Machine Co., Rochester, N. Y. 

J. B. Doan, American Tool Works Co., Cincinnati, O. 

Enoch Earle, P. Blaisdell & Co., Worcester, Mass. 

Fred L. Eberhardt, Gould & Eberhardt, Newark, N. J. 

Joseph Flather, Flather & Co., Inc., Nashua, N. H. 

Philip Fosdick, Fosdick Machine Tool Co., Cincinnati, O. 

Fred. Geier, Cincinnati Milling Machine Co., Cincinnati, O. 

W. A. Greaves, Greaves, Klusman & Co., Cincinnati, O. 

C. F. Hilker, Hamilton Machine Tool Co., Hamilton, O. 

H. C. Hoefinghoff, Bickford Drill & Tool Co., Cincinnati, O. 

Fred Holz, Cincinnati Milling Machine Co., Cincinnati, O. 

R. K. LeBlond, R. K. LeBlond Machine Tool Co., Cincinnati, O. 

William Lodge, Lodge & Shipley Machine Tool Co., Cincin- 
nati, O. 

P. G. March, Cincinnati Shaper Co., Cincinnati, O. 

C. F. Mayer, Rahn, Mayer & Carpenter Co., Cincinnati, O. 

P. EB. Montanus, Springfield Machine Tool Co., Springfield, O. 

J. G. Oliver, Bardons & Oliver, Cleveland, O. 

A. B. Pattison, Aurora Tool Works, Aurora, Ind. 

B. B. Quillen, Cincinnati Planer Co., Cincinnati, O. 

S. C. Schauer, Cincinnati Machine Tool Co., Cincinnati, O. 

G. F. Stewart, Bradford Machine Tool Co., Cincinnati, O. 

Murray Shipley, Lodge & Shipley Machine Tool Co., Cincin- 
nati, O. 

GC. E. Thwing, Draper Machine Tool Co., Worcester, Mass. 

A. W. Whitcomb, Whitcomb Mfg. Co., Worcester, Mass. 


Several other firms, not members, were represented at the so- 
cial gatherings, among whom may be noted: 

E. R. Fellows, Fellows Gear Shaper Co., and D. L. Ballard, of 
the Jones & Lamson Machine Co., both of Springfield, Vt.; J. 
G. Oliver, of Bardons & Oliver; Albert M. May, of the Reliance 
Machine Tool Co.; A. W. Foote, of Foote, Burt & Co.; Mr. 
Henn, of the National Acme Mfg. Co., all of Cleveland; R. Mc- 
Carty, of the Bignall & Keeler Mfg. Co., Edwardsville, Ill.; H. 
E. Morton, of the Morton Mfg. Co., Muskegon Heights, Mich.; 
T. G. Meachem, of the New Process Raw Hide Co., Syracuse; C. 
J. O’Hara, of the Wormer Machinery Co., Detroit, and Mr. 
Hunt, representative of Manning, Maxwell & Moore. 

The following officers were elected for the coming year: 

President, Joseph Flather; First Vice-President, William 
Lodge; Second Vice-President, W. P. Davis; Treasurer, Enoch 
Earle, and Secretary, P. EH. Montanus. 

Meetings in future will be held semi-annually—the next to 


be in Worcester, Mass. 
* * x 


A decided virtue of nickel steel, according to government 
report, is the facility with which a low carbon steel will 
harden, it being the practice after a piece is forged and rough- 
machined, to heat it and dip in oil, which hardens it very 
much. Afterward the forging is subjected to an annealing 
process which removes any strains set up in the metal by the 
sudden cooling which it receives. Nickel steel, after the first 
cost of production, is not much more expensive to forge than 
any carbon steel that runs over 40 per cent carbon, and about 
the same care is necessary in heating and forging as is re- 
quired by a high carbon steel. 
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THE STEAM TURBINE. 


THE GENERAL PRINCIPLES AND LEADING TYPES OF 
: STEAM TURBINES. 


In the September number of MACHINERY editorial reference 
was made to the recent developments in the steam turbine 
field, with the promise that an explanation would be given in 
a later issue of the distinguishing features of the leading 
steam turbines. 

There are now three types of steam turbines manufactured 
in the United States which have been developed sufficiently to 
be counted as probable rivals of the reciprocating steam engine. 
These are the De Laval turbine, made by the De Laval Steam 
Turbine Co., Trenton, N. J., the Westinghouse-Parsons turbine, 
made by the Westinghouse Machine Co., Pittsburg, Pa., and the 
Curtis turbine which is built for stationary purposes by the 
General Electric Co., Schenectady, N. Y. All of these use 
steam expansively, and therefore economically, and it will be 
of interest to outline briefly the principle by which this is 
accomplished in each wheel. In what follows attention will 
be paid more to their thermodynamic than to their mechani- 
cal or constructive features. 

General Principles. 

To begin with, it will help matters to make a general state- 
ment of what must be accomplished in the successful steam 
turbine; for, while these points are well understood by stu- 
dents in engineering, it is equally certain that they are not 
understood at all by the great majority of inventors who have 
made attempts in the line of steam turbine development. An 
examination of the patent records shows that while there have 
been numerous patents granted on steam turbines during the 
past ten years or so, only a very few of the patent specifi- 
cations embody the elements of success, and most of them are 
entirely worthless, and display on the part of inventors an 
ignorance of what a steam turbine should be and do. 

The fundamental principle in any economical steam motor 
is that the expansive force of the steam must be utilized. The 
direct-acting steam pump, although serving a very useful pur- 
pose, is one of the most wasteful steam users in existence. 
Steam is admitted to the cylinder at boiler pressure and 
pushes the piston from one end to the other of the stroke 
under the same pressure, and the cylinder is in communica- 
tion with the boiler during the whole time. Steam, however, 
is capable of much better use than this, because it has a great 
amount of latent or stored energy which is capable of making 
the steam in a cylinder expand and push forward the piston 
after the admission valve has been closed and all communica- 
tion with the boiler is cut off. This is what is done in the 
steam engine and in consequence no steam engine, in good 
working order, requires as much steam or as much coal to 
operate it as does a direct-acting pump of corresponding power. 

Inventors seem to take a great deat of satisfaction in see- 
ing their machinery run. If it is a rotary engine and it runs 
they delude themselves and the public by assuming they have 
scored a success, without realizing, apparently, that it is quite 
as important to know how it runs from an economic stand- 
point. If the invention is a steam turbine this is equally 
true. It is not difficult to make a wheel with blades and to 
direct a steam jet from the end of a steam pipe against the 
blades. The wheel will buzz around but it will require so 
much steam to make it buzz that it will be of no practical 


use. 
In the construction of a successful steam turbine, it is neces- 


sary first of all to devise a method for using steam expan- 
sively, as in the steam engine; and second, to so proportion 
the wheel that it will get as much of the available energy 
out of the steam as possible and convert it into useful work, 
following in this respect the methods that have been applied 
in water turbine design. In addition, the fact must be con- 
sidered that the steam turbine has to rotate at extremely high 
speeds, thus introducing constructive problems peculiar to it- 
self. As stated at the beginning, it is the steam end of the tur- 
bine with which we are chiefly concerned in the present art- 
icle. 


Straight and Diverging Nozzles. 
The success of the De Laval steam turbine is largely due 
to the form of steam nozzle used, by which the jet is directed 
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against the wheel, and it will be shown later that the princi- 
ples used in proportioning the De Laval nozzle hold with as 
much force in proportioning the parts of other types of tur- 
bines, even where no nozzles are employed. 

A great many experiments have been conducted on the 
flow of steam through straight nozzles or short lengths of 
pipe, like that in Fig. 1, and it is found that when discharging 
into the atmosphere at ordinary pressures the velocity of 
discharge is not far from 1,450 feet per second. When flow- 
ing from a boiler pressure of 200 pounds the velocity is 
about 1,500 feet per second and when flowing, from a pressure 
of 25 pounds, about 1,400 feet, showing that a difference in 
pressure does not make a great difference in the velocity, 
owing mainly to the fact that the density of the steam and 
the weight to be moved increase with the steam pressure. 
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Fig. 1. Straight Nozzle. Fig. 2. Expanding Nozzle. 

Another important fact determined by test is that the pres- 
sure in the nozzle does not vary greatly from 60 per cent. of 
the boiler pressure, this percentage being nearly constant under 
ordinary conditions, without regard to whether the boiler 
pressure is high or low. When the steam issues from the noz- 
zle, therefore, and drops to atmospheric pressure, it must fall 
in pounds an amount equal to 40 per cent. of the boiler pres- 
sure. In making this drop the steam is free to expand in all 
directions and its energy becomes dissipated. The jet en- 
larges after issuing, becomes broken up and scattered and is 
inefficient for turbine propulsion. The success of the jet tur- 
bine must therefore depend upon securing a more efficient jet, 
one in which the expansion of the steam is made to give it 
a higher velocity, instead of to increase the size of the jet 
after it leaves the nozzle. 

This is accomplished by using a diverging nozzle, larger at 
the outlet than at the inlet, similar to the steam nozzle that 
has been employed for many years in some types of steam in- 
jectors. In such a nozzle, as shown in Fig. 2, the steam ex- 
pands to atmospheric pressure within the nozzle itself and 
when the steam discharges it takes the form of a solid cylin- 
drical jet, equal in diameter to the outlet diameter of the noz- 
zle. The walls of the nozzle confine the steam so it can ex- 
pand only in one direction, lengthwise, or the direction in 
which the steam is flowing. Thus the expansive force of the 
steam is all utilized in giving the steam velocity, and none of 
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Fig. 3. Expanding Nozzle. 


it is wasted in dissipating the jet, as with the straight nozzle. 
The velocity with a diverging nozzle, when expanding to at- 
mospheric pressure, is about 3,100 feet per second for a boiler 
pressure of 200 pounds, or more than twice the velocity with 
a straight nozzle. At 100 pounds pressure the velocity is 
about 2,800 feet, a gain of nearly 90 per cent. over the 1,450 
feet quoted above for the straight nozzle. The gain in energy, 
however, is much greater, since the energies of the two jets 
are as the squares of the velocities, or in this case approxi- 
mately as 7,800,000 is to 2,100,000. 

In Fig. 3 is shown a longitudinal section of a diverging noz- 
zle. Steam enters through the pipe, A. At Bis the contracted en- 
trance to the nozzle, and at OC, the outlet. At A the steam is 
at boiler pressure; at B the pressure is 6-10 boiler pressure, 
as in the case of the straight nozzle, and the velocity at this 
point is approximately 1,450 feet per second for a boiler pres- 
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sure of 100 pounds. From B to @ the steam expands from 6-10 
boiler pressure to atmospheric pressure. During the expansion 
part of the steam is condensed and the specific volume—that 
is, the space occupied by unit weight—is much greater at C 
than at B, and still greater than at A. In proportioning the 
nozzle, therefore, the cross sectional area at C must be enough 
greater at C than at B to allow for the greater specific vol- 
ume of the steam at the lower pressure; but inasmuch as 
the steam is moving faster at C than at B, the areas must he 
modified accordingly. They may be calculated by compound 
proportion, making them directly proportional to the specific 
volumes of the steam at inlet and outlet and inversely as the 
velocities. Space does not now permit, however, a mathe- 
matical discussion of the subject, and readers who care to 
pursue the subject further are referred to Kneass’s Theory 
and Practice of the Injector, and Peabody’s Thermodynamics, 
both published by John Wiley & Sons, New York. 


The De Laval Turbine. 

The first turbine to use the expanding nozzle was the De 
Laval. It consists of a single disk with buckets or vanes on 
its periphery, against which the steam jets impinge, as indi- 
cated in Fig. 4. The steam enters a ring-shaped chamber 
surrounding the casing of the turbine and cast in one piece 
with it, and from this it enters the several nozzles that con- 
vey the steam to the turbine buckets. The speed regulation is 
by means of a throttling governor. The power of the turbine 
depends upon the number of nozzles in action at a time. Hach 
nozzle may be connected with or disconnected from the steam 
chamber by a hand-operated valve, and the wheel runs with 
almost as good economy when one nozzle is operating as 
when there are several, in marked contrast to the ac- 
tion of the reciprocating steam engine under light loads. The 
expansion of the steam in the nozzles is practically adiabatic, 
there being no loss in temperature except through radiation, 


—————— 
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Fig. 4. Wheel and Nozzles of the De Laval Steam Turbine. 


and the expansion in the nozzles is complete. The economy 
of the wheel, therefore, hinges mainly upon the degree ot 
success in utilizing the energy of the jets. Theoretically the 
wheel should have a peripheral speed of about 50 per cent. of 
the speed of the steam jet. Practically this would be impos- 
sible without bursting, and the highest speed at which it is 
thought advisable to run the wheel is 1,350 feet per second, 
which speed requires a special steel and special construction 
of the wheel. It is possible, however, to obtain results com- 
paring favorably with steam engine performance even under 
these conditions. A 300 H. P. turbine was tested recently at 
the Trenton factory by Dean and Main, consulting engineers, 
with the following results: 


Loads, Relative Steam per 
Number of Brake Loads’ B.H. P. per 
Nozzles Open. H.P. per cent. hour Ib. Quality of Steam. 
8 352 100 13.94 Superheated 
7 298 85 14.35 + 
5 196 56 15.53 ‘ 
8 333 100 a Bayi by Saturated 
7 285 86 DsaKe S 
5 195 59 16.54 
3 Tally) 36 16.40 > 


The very high speed at which the De Laval wheel must run 
in order to utilize a considerable proportion of the energy 
in the jet makes it necessary to provide for speed reduction 
and this is accomplished by spiral gears. While these and 
other features of construction are of the greatest interest, 
they cannot be dwelt upon here. 
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The Westinghouse-Parsons Turbine. 
There are three conceivable ways in which steam might be 
used expansively in a steam turbine. First, by expanding 
in a diverging nozzle, and allowing the jet to impinge against 
the wheel buckets; second, by expanding the steam within 
the spaces between the vanes and between the blades of the 


wheel as the steam passed through the turbine; and third, 
by a combination of the two methods. 
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Fig. 5. Blade Arrangement of Parsons Turbine. 


The Parsons turbine is in the second group. This turbine 
has alternating rings of revolving and stationary blades 
through which the steam passes in much the same way that 
water passes through the well-known flooded or pressure type 
of water turbine, as opposed to the impulse type of which the 
Pelton water wheel and the De Laval steam wheel are exam- 
ples. The arrangement of the blades and the passage of the 
steam are indicated roughly in Fig. 5, and the general plan of 
the turbine in Fig. 6. In the Parsons wheel the whole turbine 
casing may be said to correspond to the expanding nozzle of 
the De Laval wheel. Steam enters at one end, at boiler pres- 
sure, and expands as it passes among the blades, increasing in 
speed at the same time, just as in a diverging nozzle. Re- 
ferring to Fig. 6, steam enters chamber B through steam pipe 
A and passes to the right through the first group between the 
blades to chamber C. At this point so much space is required 
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form of the De Laval nozzle is used, the wheel is run at com- 
paratively low speed, and the residual velocity of the exhaust 
steam is used to run a second wheel on the same shaft, thus 
making a compound turbine. 
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Fig. '7. Section through Nozzle and Vanes of Curtis Wheel, showing 
Governing Arrangement. 

In its simplest form the Curtis turbine consists of two 
rings of curved buckets mounted upon disks revolving with 
the shaft. Between the two revolving rings is a group of 
curved blades in the form of a short segment fixed to the 
interior of the turbine case. The nozzle is of rectangular 
cross section, so designed that one 
side of it can slide under the action 
Ss of the governor without altering the 
ratio between the inlet and outlet 
area of the nozzle, as illustrated in 
Fig. 7. By this means the quantity 
ry N of steam delivered is adjusted to suit 
| the load, whereas regulation in the 
fi] De Laval turbine is accomplished 
oO partly by throttling and partly by 

— using one or more nozzles, as re- 


Sn 


||| WE quired. For marine work the Curtis 


wheel has two sets of concentric 
rings of blades. One set is used with 
a nozzle on one side of the wheel for 
forward rotation and the other set 
with a nozzle on the opposite side of 


Fig. 6. Section through Parsons Turbine. 


for the steam blades that it is necessary to jump to a 
larger diameter and the steam flows through a second set to D, 
and finally through a third set to H. The disks a, b, and c 
are for the purpose of equalizing the end thrust of the tur- 
bine, due to the pressure upon the blades. Steam is ad- 
mitted to the turbine in puffs, by means of a reciprocating 
valve under the control of a governor. The Parsons tur- 
bine runs slower than the De Laval turbine, since the steam 
travels at a much lower rate of speed through all except the 
last few rings of blades. A Westinghouse-Parsons turbine of 
somewhat novel design is described in the engineering review 
of this number. 
The Curtis Turbine. 

This, the latest candidate for favor, is a combination of 
the De Laval and Parsons plans. A steam nozzle is employed 
to expand the steam, but the expansion is not complete in the 
nozzle, Mr. Curtis preferring to have a certain amount of ex- 
pansion occur in passing through the wheel to overcome any 
retardation that might take place through the friction be- 
tween the blades and the steam. 

As already explained, the best results with a jet turbine are 
obtained by having the peripheral velocity of the wheel about 
half the velocity of the steam jet. When, as must always be 
the case, a turbine wheel runs at a peripheral speed less 
than one-half the velocity of the steam jet, the steam will 
have a residual velocity as it leaves the wheel; and the slower 
the wheel runs the greater will be the residual velocity, and 
hence the waste energy. In the Curtis turbine a modified 


the wheel for backward rotation. A 
number of patents have been taken 
out by Mr. Curtis embracing features 
calculated to produce good economy, but the foregoing will 
give a general idea of the wheel. In the yacht Revolution, 
driven by a Curtis wheel, compounding is carried far enough 
to reduce the speed of rotation to about 650 revolutions a 
minute. 
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Fig. 8. Section through Curtis Compound Steam Turbine. 
Referring to Fig. 8, the method by which compounding is 


effected and the expansion of the steam occurs is clearly illus- 
trated. Steam enters in the direction of the arrow, passes 
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through the nozzle and the constantly increasing space be- 
tween the blades. A and © are the wheel blades, rotating 
together on the same shaft, B represents the intermediate sta- 
tionary blades and D is the exhaust passage. 


* * 


A DEVELOPMENT OF MACHINE SHOP 
FORMULAS. 


METHODS FOR FINDING THE COST AND PROPORTIONS 
OF MACHINES BUILT IN A SERIES OF SIZES. 


STanLEY H. Moore. 


The problem of cost reduction forces itself, with increasing 
vividness, upon the mind of every person who has to do with 
the manufacture of machinery. To the “small shop” people, 
and to those whose product is unsystematized and whose ideas 
of methods to pursue are, as yet, vague, this article may prove 
of some assistance. 

There are three important means by which the shop product 
may be systematized: By the use of formulas; by the use of 
tables; and by the use of charts. As the two latter may be 
considered as the tabulated, or graphic results of the former 
we will deal only with the formulas. In determining sizes, 
weights and costs, these formulas are generally most efficient 
time-savers. For convenience, formulas in this article will be 
divided into two classes: The class used to produce the first 
of a type of machine we will call fundamental; and the class 
used to produce several sizes of this type of machine, empirical. 
Upon seeking fundamental formulas in text books and in 
mechanical engineers’ pocket books we are confronted by a 
diversity of opinions and tabulated results that are, at least 
to the novice, a bit confusing. These formulas, it is always 
to be remembered, have their «pplication in the special case 
under consideration, and are to be used only as guide posts 
in our journey of design. It is evident to most designers, 
I think, that some sort of a tentative method must, sooner 
or later, be resorted to in the type design, for in nearly all 
machines the governing conditions soon become so numerous 
or indefinite as to render a subdivision of the problem a neces- 
sity. ; 

A certain amount of judgment is absolutely essential in the 
use of most fundamental formulas, and discrimination is al- 
ways necessary. To illustrate, suppose that we have to deter- 
mine the diameter of a particular shaft and we find in our 
various authorities some such formulas as these: 


ee re 
D= C — (No. 1) — 
N 
The above formulas have their origin in the simpler one of 


D=C VFL (No.8) D=Q, VFL (No.4) 
where D = the shaft diameter, C = the constant for the ma- 
terial, F — the force tending to rotate the shaft, and L — the 
length in inches from the point of application of F to the cen- 
ter of the shaft. Formula No. 3 is based on the fact that under 
this condition the torsional deflection of the shaft shall not 
exceed a predetermined angle per foot in length; and 
formula No. 4 under the condition that the moment FZ pro- 
duces a torsional stress not more than a predetermined amount 
per square inch. It is evident that if a complete table of 
values for © under varying conditions is not given, these 
formulas are rendered but little better than none. 

Graphically these two fundamental formulas could be repre- 
sented by biquadratic, and cubic parabolas respectively; while 
our empirical formulas would rest on no such basis and would 
hold true for but a certain series within certain limits. This 


DiS Cy (No 2) 


constitutes the vital difference between our fundamental and 


our empirical formulas. 

Suppose that we have built two or three sizes of a certain 
type of engine and that they are successful; we desire to put 
on the market an entire line. Our sizes of this type of en- 
gine will run from 10-inch cylinder diameter in the smallest 
to 30-inch cylinder diameter in the largest. We have built 
a 12-inch and a 24-inch engine and perhaps an 18-inch. These 
engines were, aS was imperative, tentatively designed. In 
seeking the derivation of the empirical formula for the length 
of the crosshead shoe we find that on our 12-inch we have 
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given it an area of 5214 square inches, and on our 24-inch its 
area is 19014 square inches. In each case the length of the 
shoe was nearly twice its width, so we decide to make it so 
in our line of engines; solving for the width, we have in the 


24-inch. 
233 = 190.125 
x = 795.0625 
C—O aD 


making our shoe length for the 24-inch engine 1914 inches, 
and for the 12-inch engine 1014-inches. 

To any scale in Fig. 1, perpendicular to the line NU, lay off 
these shoe lengths PB and P’B’—10% inches and 191% inches, 
respectively—making the distance BB’ equal to 12 inches, the 
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Fig. 1. 


difference between our sizes 12 inches and 24 inches. Through 
points PP’draw line SA intersecting NL at A. At B”—for our 
18-inch size—erect a perpendicular B’P”’. Draw PF intersect- 
ing B’P” at F. Using the notation given in the figure and 
from its geometry we get the simple equations shown in Fig. 1. 

In this last formula many will recognize an old acquain- 
tance—the equation for a straight line—which in one of Prof. 
Perry’s books proves such an efficient servant. Let us now 
analyze this equation. From the figure it is seen that x = 


& 
the desired dimension and that — = the rate of increase in 
‘ ad 


the slope of the line. If now we measure the distances and 
substitute their values for c and d we may determine the ratio 


c 

— which we will call f. 

ad 
e 10146 3 3 

Then f = — = ——_ = -: againvw =fy+e¢, orx=-y-+ 10%. 
d 14 4 4 


In interpreting our empirical formula « = fy + c, we have 
y =a common unit to which all other sizes are to be referred, 
“== desired dimension, 
far factor oly; 
c=a constant increment to be added in each case. 

The unit value of y as generally selected is a bolt or cylin- 
der diameter, or the capacity of the machine. Obviously in 


our line of engines we select the cylinder diameter D as our 
value of y, and our unit formula then becomes %D + ec. 


The 
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value of c is now determined by direct substitution in the fol- 
lowing manner: « being the shoe length, we substitute for it 
191% inches its length on the 24-inch crosshead; then 
% (24) +c=19% 
c= 191%4—18 
c=" Lb: 

Note, that while we have assigned to y and c other values we 
have not altered the relations; our formula for this particular 
crosshead dimension now becomes %4D + 1% inches. 

For convenience in charting these sizes some point is deter- 
mined upon as a pole about which these lines (represented by 
our formulas) are drawn as vectors, the ordinate length for 
a particular size giving the desired dimension. If now in the 
determination of other formulas it be found, as is likely to be 
the case, that these lines do not all pass through a common 
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point it becomes necéssary to sélect one. In well designed 
machines the intersections of these lines with the base line 
will come close together and an average of these intersections 
is selected as a pole. Figs. 2 and 3 will serve to illustrate 
the purport of this paragraph. 

Experienced designers are well aware that the final test of 
any dimension in a design is that of satisfying all fundamental 
calculable conditions; nevertheless, the instances where our 
empirical formulas prove incorrect are very few indeed. 

With the design for our line of engines thus systematized, 
let us consider what are to be the advantages that will 
naturally result from it. In the first place, the weights of 
any particular parts, or details of any size in our line of en- 
gines may be determined prior to its design or manufacture. 
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In the determination of weights, cubic contents and similar 
processes, the use of ‘differences,’ as applied to higher mathe- 
matics, will not only prove an efficient time-saver, but relieve 
much of the drudgery attendant upon such operations. 

A brief explanation of the use of “differences” is as follows: 
When we have a series of numbers connected by a regular, 
though not obvious law, the nature of that law may be dis- 
covered by forming a new series of differences between each 
term of the original series and the next, and then treating the 
new series (which we may call the series of first differences) 
in the same way, until we reach a series of differences the 
law of which is obvious. In the following table will be found 
both the arithmetic and algebraic solutions of problems by 
“differences.” 

In column 1 of the table is given a series of numbers which 
we suspect follows some definite, though not obvious law, 
and which we desire to discover. Having proceeded with the 
several orders of differences, the law becomes apparent early 
in the process of determining the values in column 38. Re- 
ferring again to the table, it is evident that the next term of 


ARITHMETIC SOLUTION. ALGEBRAIC SOLUTION. 
COL. | COL. | COL. |COL. 1.|/Term || COL. 5. ORIGINAL SER. COL Ga tSgSEReml| cane amil|COLs 
4. 3. 2 —| DIFFERENCES, een Be 8. 
ine il A en ae eT PF 38RD 
5 J Ww y = DIF. 
3 | 2 2 W+yYy SSS 
it 8 Tr y+x rons c 
4 20 3 Whey x wte 
1 12 GYsePDaE perme cree Ok 
——=| 5) 32 4] W+3y+32-+¢ x+2¢ 
1 NG 1 Yy+3u+3¢ c 
6 49 5 | W+4y+6x+4e «i x+ 3¢ 
1 23 iT yt4a+6e /-—— 4 ¢ 
=e eee G2 6 | W+5y+-10x +10c a+ de 
1 30 1} y+5x2+10c € 
—| fe 102 7 | W+6y+15a +-20¢ a+5e 
1 38 = y+ 6u +15¢ c 
9 140 8 W +ty+ 21x + 35¢ e+e 
1 47 Y (a 216 ee 
19 + 187 9 | W+8y+28x-+56e | otic 
| 57 y+8e+28¢ —— 
1 244 | 10 | W+9y+362-+-84e 4 
68 
512 
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Solutions of Problems by Differences. 


column 3 must be 11, which gives 68 as the next term of col- 
umn 2 (the series of first differences) and so 312 for the 
original series. Note that this series can thus be continued 
indefinitely, and that ultimately, in any regular series, some 
one series of differences will become a constant. 

It is on the principle of differences that calculating machines 
are constructed to compute logarithmic tables, etc. 

In the algebraic solution of such problems involving the 
determination of weights and volumes, it will be necessary to 
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calculate these weights or volumes for the ist, 4th, 7th and 
10th terms of our given series. By substituting in the form- 
ulas in column 5 the numerical value of W, which is the Ist 
term in our given series, we may equate these expressions and 
our calculated values for the 1st, 4th, 7th and 10th terms and 
determine, by simple algebraic processes, the values of ¢, &, y, 
and ultimately, that for which we are seeking the values in 
the original series, column 5. 

The computations concerning the cost of materials logically 
follow the determination of volumes and weights and are made 
with comparative ease. However, our next problem concerning 
the determination of the cost of labor is a more difficult one 
to solve. Our formula generally expresses this cost as so many 
cents per pound of product, includes all shop charges, and is 
established partially by experience and partially by methods 
suggested in this article. 

In many instances it will be found both desirable and con- 
venient to have this cost formula embody the unit dimension. 
When this is the case, the formula is, as are most cost form- 
ulas, established by the tentative methods to which we have 
just alluded. As the methods employed in the deduction of 
these formulas render them purely empirical, one or another 
form of expression may have to be adopted. However, form- 
ulas of this class usually assume the form of, or at least may 
be resolved into, the familiar trinomial of the type form 

ax? —bxa+e, 
where a and 0b are factors of the unit dimension, and ¢ is a 
constant. 

For the purpose of illustration we will assume that the 
formula for the cost of labor which we have established is 

8 De oD Sia. 
Jn this form the formula gives the total cost of labor in dol- 
lars for the size desired. The cost of labor C for our 18-inch 
engine would then be 


C = 8 (18)? — 15 (18) + 314 
C = 486 — 270 + 314 

from which 
O = 5380 

The computation of a final cost formula, embodying the unit 
dimension, is the last process in our development of shop 
formulas; this formula is derived directly from those relative 
to the costs of material and labor. 

When estimating on new work or possibly designs to be 
submitted, instead of the usual rush in the drafting room with 
its attendant liability to error, contrast the ease with which 
our salesman or general manager, substituting in the final 
formula the current prices of labor and material, accom- 
plishes the desired result. By the use of these formulas sur- 
prisingly close estimates may be furnished on sizes not yet 
designed or manufactured; then, too, we submit to our pros- 
pective customer a standard design of known qualities. 

I am well aware that the above picture is ideal and some- 
what overdrawn, but nevertheless it is an idéal toward which 
many a shop might strive with much profit to all concerned, 
and especially to those whose money is invested in the enter- 
prise. 

a EP SS 


It would be possible to substitute aluminium for copper in 
electrical work to a considerable extent—provided the metal 
can be had in sufficient quantities for the purpose. That is, 
after all, the most important question. For all immediat2 
purposes the question seems to be answered by the fact that 
in 1900 the total production of aluminium in the world was 
5,570 metric tons, of which the United States furnished 2,053 
tons; while that of copper was 492,625 metric tons, of which 
272,536 tons were supplied by this country—that is, the total 
output of aluminium last year was only 1.1 per cent. of 
that of copper. The price of aluminium at present is about ona 
par with that of copper, allowance being made for the re- 
spective weights. The aluminium quotations, however, have 
not been regulated by those of copper, but have been based 
upon the cost of production, and have shown little change 
during the past year. There is no competition tending to 
lower them; but, on the other hand, it is to the interest of 
the producers to keep them as low as possible in order to 
dispose of their output.—Hngineering and Mining Journal, 
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ENGINEERING REVIEW. 


A SYNOPSIS OF CURRENT TECHNICAL LITERATURE. 


LITHOGRAPHED MARGIN LINES AND TITLES FOR 
DRAWINGS. 


American Engineer and Railroad Journal, October, UWP Ts BRET 


Lithographed margin lines and titles for drawings are used 
in the mechanical engineers’ department on the Lehigh Valley. 
Mr. Gaines has sent a tracing and letter describing the method. 
When a large number of sheets are lithographed at one time, 
and the tracing cloth is furnished in rolls, the average cost 
of cutting the cloth and lithographing the margins and 
general title is less than two cents per sheet. The average cost 
of doing the work by hand is about eight cents per sheet, and 
is not as uniform and regular as when lithographed. In litho- 
graphing these tracings, the trimming and margin lines, holes 
for punching and general titles may be put on as desired, and 
the tracing sheet is ready for the draftsman, who proceeds 
with the drawing without delaying to lay out the sheet. He 
completes the title and fills in the date when the drawing is 
finished. 


PNEUMATIC TUBE SERVICE. 
Railroad Gazette, 1902, p. 657. 


_A pneumatic tube service has been instituted in Boston 
for delivering parcels from the retail store to the outlying 
districts. The central station has been erected in the center 
of the shopping district at the head of Harrison Avenue, and 
from this station two pairs of tubes have been laid to sub- 
stations. The tubes are cast-iron water pipes machined at 
the ends so as to make a close fit. The joints are closed in 
the same manner as when laying water pipe, using oakum and 
lead. Curves are laid 12 feet radius to the center line of 
the pipe. The carriers are metal cylinders provided with five 
friction wheels at each end to support it in whatever position 
it may assume in the tube. This is a radical departure from 
the system commonly used in department stores—in which 
the carriers are usually provided with felt rings at the ends 
to act as supports and also as packing to closely fit the tubes. 
The air pressure required to force the cylinders along the 
tubes in the Boston system varies from 1.75 to 2.1 pounds per 
square inch depending on the number of parcels in the tubes 
at one time. A parcel is delivered by the pneumatic system 
to the Dorchester station in 10 minutes, a distance that took 
a team 40 minutes. 


THE USE OF ALUMINUM IN METAL PATTERNS. 
Aluminum World, September, 1902, p. 231. 


Harland Tuttle says that aluminum is a valuable metal 
for metal patterns, especially small patterns that are carded. 
On account of its lightness, which is, of course, its chief ad- 
vantage, much larger patterns can be carded than is possible 
with the soft metal alloys. For instance, the specific gravity 
of aluminum is 2.5, while that of the tin-zinc and the tin-anti- 
mony alloys is about 7, and of zinc-lead alloy about 9. 
It will thus be seen that with the same size gates, patterns 
of aluminum can be carded of three times the volume of the 
soft alloy patterns with the same liability of breakage. Mr. 
Tuttle has the care of some three hundred cards, about two- 
thirds of which are aluminum. There are by actual count 
between thirty and forty broken joints of the soft metal cards 
brought in to be soldered to one of the aluminum. The cost 
of carrying cards to and from the foundry and the repairing 
of them amounts to quite an item in a year, most of which is 
saved by the use of aluminum cards. 

Another advantage, due to its lightness, is that with fairly 
large patterns more can be placed on a card, while often pat- 
terns which would be too large to card in the heavy alloys 
can be carded to advantage in aluminum. The necessary 
amount of rappage to loosen the patterns in the sand is also 
much less, thereby lengthening the life of the card, while 
the molders like them much better because of the greater 
stiffness and ease of handling. The metal is also especially 
adapted to light, flimsy patterns, as it will not bend out of 


shape from dropping or by conforming to the shape of a 
worn-out follow-board, as soft alloy patterns do. In regard 
to the first cost, aluminum makes a very cheap pattern metal 
on account of its bulk, aluminum at 30 cents making patterns 
cost about the same as a tin-antimony alloy at 12 cents. In 
regard to corrosion of aluminum, patterns have been in con- 
tinual use for six years, which are in as good condition as the 
new ones, except more discolored. The patterns grow 
smoother with use. ; 


COMPRESSING STEEL INGOTS BY WIRE DRAWING IN 
THE INGOT MOLD. 


Engineering News, October 2, 1902. p. 262. 


In the production of steel ingots there always exists a ten- 
dency toward the formation of a cavity at the center, and 
gas bubbles entrained in the molten metal at the moment of 
cooling give rise to blow holes. It has long been a problem for 
inventors and engineers to procure solidity in the production 
of these ingots. In the system devised by Sir Joseph Whit- 
worth, the top of the ingot after casting is subjected to heavy 
pressure. This process has never come into extensive use ow- 
ing to the fact that in applying pressure at the top, the outer 
shell of the ingot resists the pressure like a hollow column. 
What is wanted is to drive the sides of the ingot toward the 
center, and lateral compression of ingots has been proposed 
and actually carried out by some American experimenters. 

At the recent meeting of the Iron & Steel Institute at Dus- 
seldorf there was described a new method of compressing 
steel ingots by a so-called wire-drawing process. The ingot 
mold is made slightly tapering, being largest at the bottom, 
and is heavily hooped to sustain internal pressure. After the 
mold is filled with molten metal and solidification has begun 
the mold is run upon a hydraulic press and a plunger is 
brought to bear against the bottom of the ingot, forcing it 
upward, and compressing it by reason of the tapering walls 
of the ingot mold. 

This process has been adopted at the steel works at St. 
Etienne, France, where a process of ingot compression similar 
to Whitworth’s was in use many years ago. 


HEAT TREATMENT OF STEEL RAILS AND STRUCTURAL 
SHAPES. 


American Engineer and Railroad Journal, October, 1902. p. 310. 

The temperature at which steel rails and structural shapes 
are finished bears a vital relation to the character of the prod- 
uct. Rails finished at a high temperature will be coarse in 
structure, which means rapid wear in service and usually brit- 
tleness of structure, although not always the case. Sometimes 
rails finished at, say, a bright yellow and having a coarse 
granular structure, will successfully stand the impact of 
2,000 pounds falling a distance of 20 or 25 feet. But these 
coarse-grained rails always give relatively poor wearing ser- 
vice, therefore it behooves the consumer to insist on the finer 
granular structure as revealed by the microscope. 

To prevent rails being produced having a coarse granular 
structure, it is necessary that they be worked down to the 
critical point before leaving the rolls to be cut up by the 
hot saws. In order to have a rail, say, 30 feet long when cold, 
it is necessary to cut them as much longer as the expansion 
due to temperature may determine. When the rails are deliv- 
ered to the saws at high temperatures as was the practice 
under the old system, it is necessary that these saws be spaced 
apart about 7% inches in excess of 30 feet. To insure that 
the rails be worked down to a lower temperature it has been 
proposed to limit the excess distance at which the saws may 
be set to 64% or 5%4 inches, but this precaution alone is not 
sufficient as the rails may be held long enough before the 
last pass to cool down to the proper temperature and then 
run through with scarcely any appreciable reduction. The 
result, of course, is that the structure is coarse since the bulk 
of the working has been carried on at a too high temperature. 

The standard specifications of the P. & R. R. R. require that 
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the temperature of the ingot or bloom be such that with rapid 
rolling and without artificial cooling after the last pass, the 
rails may be cut up into 30-foot lengths with the hot saws 
spaced 30 feet 6 inches. It is desired that thorough working 
of the steel in the rolls shall not cease until the temperature 
is as near as practicable to the recalescent point or until 
about a low red heat has been reached. These specifications 
also require that a section of rail 4 ft. long taken from the top 
of the ingot shall stand an impact test of 2,000 pounds falling 
a distance of 18 feet, the supports being 3 feet apart, center to 
center. This is for rails weighing 70 pounds per yard. For 
heavier rails the drop shall fall 23 feet. The anvil block 
supporting the rail shall weigh not less than 20,000 pounds, 
and the striking face of the weight shall have a radius of not 
more than 5 inches. For rails of 70 to 79 pounds per yard, the 
carbon shall be from .43 to .53; phosphorus shall not exceed 
10; silicon not to exceed .20; and manganese .75 to 1.05. The 
carbon and manganese are allowed to exceed these figures 
slightly for heavier sections, being .53 to .63 carbon and .80 to 
1.20 manganese for 90 to 100 pound rails. 


NEW FORM OF PRESSED CAR WHEEL. 
Railway and Engineering Review, September 6, 1902, p. 666. 


Mr. H. F. Mann, Allegheny, Pa., has recently been granted 
a patent on a new form of plate-metal car wheel which com- 
prises improvements in the web, tread, and rail-flange, these 
parts being formed of a single plate of steel or of a single 
plate of steel and iron, the hub of the wheel being formed 
separately of suitable material and securely attached to the 
center of the web. It is claimed that this construction will 
make a car-wheei which will be light and strong and possess- 
ing to a high degree the requisite wearing qualities on the 
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Fig. 1. 


Pressed Car Wheel. 


tread and rail-flange. In order to secure the desired results 
and make a car-wheel which will have the necessary strength 
and possess the desired degree of hardness on the outer or 
wearing surface of the tread and rail-flange, the web, tread, 
and flange are made of a single plate of steel or single plate 
of steel and iron. If the plate is made of steel, about three- 
fourths of its thickness is to be composed of low-carbon, tough, 
and strong steel and about one-fourth of its thickness of 
high-carbon hard steel. If the plate is to be made of steel 
and iron, three-fourths of its thickness is to be composed 
of wrought-iron and one-fourth of its thickness of high- 
carbon hard steel. In either case the different compositions 
of metal of which the plate is made are welded together. 
The hub may be made of wrought steel or iron or of cast 
metal; but in cases where it is to be secured to the web or 
washer in whole or in part by welding, it should be made of 
suitable metal for welding. The accompanying illustrations 
show a sectional view of a plate, A, of steel, or steel and iron 
of suitable diameter and thickness to form the web, tread, 
and rail-flange of the wheels; and one form of the web, 
tread and rail-flange after the plate has been subjected to the 
operation of suitable dies or other processes to give it the 
desired form, B. In making car-wheels of plates composed 
of steel or steel and iron, as above described, they should 
be so formed as to bring the high-carbon hard steel on the 
outer surfaces of the tread and rail-flange, in order to secure 
the best and most durable wearing qualities of the plates a 
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these points where it is most needed. The central portion 
of the web is curved outwardly, so as to furnish a strong 
bearing in which the hub, 0, is to be seated and secured. 
In order to secure additional stiffness to the web, it may be 
corrugated, and several other modifications are possible. 


SAFE SPEED FOR FLYWHEELS. 


Monthly bulletin of the Fidelity & Casualty Co. 
Wm. H. Boehm. 


It is a well understood fact that while an engine pulley or 
flywheel can be designed to successfully resist the torsional 
stresses due to any load required of the engine, there is no 
possible way to overcome the centrifugal force due to speed. 

For a given material there is a definite speed at which dis- 
ruption will occur, regardless of the amount of material used. 
This is not an uncertain theory, but a mathematical truth 
easily demonstrated, and is expressed by the following for- 


mula: 
AE 
V=1.6 We 
WwW 


in which V is the velocity of the rim of the wheel in feet per 
second at which disruption will occur, W the weight of a cubic 
inch of the material used, and S the tensile strength per 
square inch of the material. 

In words the formula means that if we divide the tensile 
strength of the material by its weight per cubic inch, extract 
the square root of the quotient and then multiply this by 1.6, 
the result will be the rim speed in feet per second at which 
disruption will occur. 

If instead of the ultimate strength of the material we take 
its safe strength, the result will be the rim speed in feet per 
second at which the wheel may be run with safety; the sup- 
position so far being, however, that the rim is made solid in 
one piece of homogeneous material and free from shrinkage 
strains. 

Applying the formula to determine the safe rim speed for 
cast-iron wheels made in one piece, we would assume that, if 
the ultimate strength of small test bars were 20,000 lbs. per 
sq. in., we could depend upon having 10,000 lbs. in large cast- 
ings. 

Using a factor of safety of 10 on this would give 1,000 Ibs. 
per sq. in. as the safe strength of this material. The weight of 
a cubic inch of cast iron is approximately 0.26 lb., so that we 
have for cast-iron wheels: 
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So that 100 feet per second may be regarded as a safe rim 
speed for cast-iron wheels made in one piece. This corre- 
sponds to about 1.15 miles per minute, but as such wheels 
are likely to contain shrinkage strains, it is not considered 
good practice to run them faster than a mile a minute. 

If the wheel is made in halves, or sections, the efficiency of 
the rim joint must be taken into consideration. For belt 
wheels with flanged and bolted rim joints located between 
the arms, the joints average only one-fifth the strength of the 
rim, and no such joint can be designed having a strength 
greater than one-fourth the strength of the rim. If the rim 
is thick enough to allow the joint to be reinforced by steel 
links shrunk on, as in heavy balance wheels, one-third the 
strength of the rim may be secured in the joint, but this con- 
struction cannot be applied to belt wheels having thin rims. 

Applying the formula to wheels made of cast steel, having an 
ultimate strength of 60,000 lbs. per sq. in., or a safe strength 
of 6,000 lbs. per sq. in., and weighing 0.28 lb. per cu. in.; we 
have. 

S 6000 
—_ = 1.6 foe = 234.3 
Ww .28 


Vi = 1:6 


per second. 

So that a cast-steel wheel made in one piece and free from 
shrinkage strains could be run with perfect safety at a rim 
speed of 234 feet per second, corresponding to 2.66 miles per 
minute. 

It will perhaps surprise some of our readers to learn that 
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wheels made of wood may be run at a higher speed than those 
made of cast iron. Wood, however, is one of the very best ma- 
terials that can be used for flywheel construction, and many 
large wheels have been constructed of this material and are 
giving satisfactory results. 

Applying the formula to hard maple having a tensile 
strength of 10,500 lbs. per sq. in., and weighing .0283 lb. per 
cu. in., we have, using a factor of safety of 20, and remember- 
ing that the strength is reduced one-half because the rim is 
built up of segments, 


\/ S hy Be 5 

aso === eG ——— = 154.1 
Ww .02838 

per second. 


So that a well-made maple wheel may be run with perfect 
safety at a rim speed of 154 feet per second, which corre- 
sponds to 1.75 miles per minute. Or comparing two wheels of 
the same diameter, one of cast iron, the other of maple, the 
number of revolutions per minute for the maple wheel may 
be 54 per cent. greater than for the cast-iron wheel. One 
hundred and fifty-four feet per second would not, however, 
be a safe rim speed for the wood wheel if made in halves or 
sections, on account of the weakness of rim joints. 

Of late years wheels for large electric plants have been built 
up of steel plates riveted together, and wheels for special 
work or unusually high speed have been specially designed. 
It is questionable, however, whether the complicated built-up 
steel construction is profitable for wheels of standard steam 
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The wide gulf in this case between the apparent factor of 
safety of 12 on strength and the real factor of safety of 1.78 
on speed is appalling. This is, however, only another warning 
that things are not always as they seem. 

As a matter of fact, few wheels have a margin of safety of 
73 per cent. on speed. In the accident at the Amoskeag Mills, 
in which a 30-ft. wheel wrecked the building, killed two. girls 
and badly injured the assistant engineer, the evidence proved 
that an increase in speed of only 20 per cent. caused the dis- 
aster. Many wheels in use to-day are running on a narrower 
margin than this. 

It will now be understood why racing is so frequent a cause 
of flywheel accidents. Some slight accident to the governor 
or valve gear of the engine occurs, and away goes the wheel, 
causing a costly if not fatal wreck. The stress in the rim in- 
creases so rapidly with increase of speed that sound wheels 
amply safe at normal speed, go to pieces without warning, and 
apparently without cause. 


STEAM TURBINES FOR THE RAPID TRANSIT SUBWAY, 
NEW YORK. 


Power, October, 1902, p. 40. 

Steam turbines of the Westinghouse-Parsons type are to 
be used by the Rapid Transit Construction Co., New York, in 
connection with the lighting of the subway now under proc- 
ess of construction. There will be three independent direct- 
connected units, aggregating 3,750 kilowatts capacity, and 
both turbines and generators will have unique features. 
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Fig. 2. Westinghouse-Parsons Steam Turbines for New York Subway. 


engines as commercially built. When an engine runs fast 
enough to burst a well-made cast-iron wheel it is doubtful 
whether anything could save it. The small amount of time 
required for the additional acceleration necessary to burst a 
steel wheel at that stage would be little, and when the crash 
did come, it would be all the more disastrous. 

From the above formulas it will be seen that the stress in the 
rim of a wheel increases with the square of the speed, or, to 
put it another way, the factor of safety on speed is always the 
square root of the factor of safety on strength. 

If the speed be tripled, for example, the stress in the rim 
becomes nine times as great as before; that is, with a factor 
of safety of nine on strength, there is a factor of safety of 
only three on speed. It will be understood from this that 
the stress increases enormously for even a slight increase in 
speed. 

Let us consider the usual cast-iron, sectional, belt -wheel 
having flanged and bolted rim joints located between the arms. 
As pointed out above, such joints average a strength of only 
one-fifth the strength of the rim, and no joint of this kind 
can be designed that will have a strength greater than one- 
fourth the strength of the rim. 

If this wheel had at normal speed a factor of safety of 12 
in the rim, then with joints of maximum strength the factor 
of safety in the joint would be only 3 on strength or 1.73 on 
speed. That is, an increase in speed of 73 per cent. would 
burst the wheel. 


The most striking constructive feature in the turbine is 
the separation of the high-pressure and low-pressure sections 
and the introduction of a reheater between them. This ar- 
rangement provides for a center bearing for the turbine 
shaft, thus reducing the distance between bearings and allow- 
ing the use of a much lighter shaft. 

The turbine proper is of the multiple expansion parallel- 
flow type arranged, as above noted, in tandem compound. 
Steam entering at the throttle valve is passed through a 
strainer for removing all foreign matter, and thence through 
the poppet inlet valve, the period of admission being con- 
trolled as in former types by a sensitive fly-ball governor. 
The steam, after admission, expands through successive rows 
of alternate moving and stationary blades, forming the ex- 
pansion stages of high-pressure as well as low-pressure cylin- 
ders. At a considerably reduced pressure and correspondingly 
augmented velocity, the working fluid now enters the reheater 
where it comes in contact with the superheating surface, with 
the result that entrained moisture is entirely re-evaporated 
and the low-pressure cylinder is furnished with dry steam. 
A similar expansion takes place in the low-pressure cylinder 
with a subsequent reduction of pressure and _ increase 
of velocity, and the exhaust steam, entirely deprived of 
its available energy, escapes through the exhaust port 
situated underneath the rear bearing of the low-pres- 
sure cylinder. As in former types, a by-pass is pro- 
vided, connecting high-pressure and low-pressure cylinders, 
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by means of which the turbines will be enabled to carry 
continuously an overload of 50 per cent. with condenser, or 
full load without the aid of condensing apparatus. 

Connection will be provided between the generator shaft 
and the two parts of the turbine shaft by a special mechan- 
ical coupling. The governor will be of the fly-ball type located 
at the extreme end of the turbine and driven by worm gear- 
ing from the turbine shaft. It will be provided with a safety 
stop which, in combination with an auxiliary valve, will auto- 
matically cut off the steam supply should the speed of the 
turbine exceed a predetermined limit. This stop is adjust- 
able and by its use any speed limit may be imposed upon 
the operation of the turbine equipment. 

The construction of the reheater is entirely similar to that 
employed by the builders in their many types of vertical and 
horizontal Corliss engines. It consists of a riveted boiler 
plate shell, 23 feet in length and 3 feet in diameter, provided 
with numerous longitudinal charcoal iron tubes expanded 
into flanged steel tube sheets which are riveted to the shell 
at a short distance from the ends, thus providing a chamber 
at each end of the reheater for receiving and discharging the 
steam on the way from the high-pressure. cylinder. This 
reheater is supplied with live steam from the beilers. To 
facilitate starting the turbine a small by-pass around the 
throttle valve will permit the introduction of a small amount 
of live steam for warming up the cylinder walls and rotating 
parts. 
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apparatus when the exact dimensions or heating surface of 
the boiler is unknown or hard to obtain: 
Kind. Horse Power. 
EVOTIZO Malet UD ULai= aye wer noe nan = Dia? xX Length = 5 
WERNCENl THVIONNENE “556500 5coo nce = Dia? k Height =—4 
MMe mp OMers eer. ciecva crete ees = Dia. < Length = 3 
HOCOMOEWVCmtY DCm «vc eeereeeieeese = Dia. of Waist? < 
length over all + 6. 
All dimensions to be in feet. 

In the first and third cases the length is the length of the 
tubes or that of a ‘“‘flush-head” boiler and does not include the 
extended smokebox. In the second case, the height is that of 
a plain vertical boiler in which the upper part of the tubes 
is above the water line; it is not the height of a boiler with 
submerged tubes. 

The extreme simplicity of the rules aroused curiosity as 
to their accuracy, and comparisons were made between man- 
ufacturers’ ratings and ratings calculated by the formulas 
above. The results are given below. They agree very closely, 
except in a few of the larger sizes of tubular boilers, where 
the calculated rating falls below that of the manufacturer. 
And in these sizes it will be noticed that the heating surface 
per horse power is less than in the smaller sizes where the 
two ratings practically agree. 

It is quite possible that the ratings of other manufacturers 
would show a better or worse agreement. In any event, the 
rules prove to be valuable for just what is intended, and 


HORIZONTAL TUBULAR. 


Diameter (inches) x Length (feet) ........ 86x8 | 42x10 | 48x12 | 54x15 | 60x15 | 66x15 | 72x16 | 78x 18 | 84x18 
Heating Surface ..........200- ee eeeeeeeee 232 370 568 800 1010 1249 1674 2115 2511 
Manutacturerm se Ravine. aceite esr 15° 25 40 60 Td 90 125 175 200 
Rating by Rules, vee. cere omen 14.4 24.5 38.4 60.8 75 90.8 115.2 152.1 176.4 

LOCOMOTIVE TYPE. 
Waist Diam. (inches) x Length (feet)..... 40x 14 | 42x 14¢| 44x 161g) 48 x 1714] 54 x 181%4| 56 x 1914| 58x 19%%| 60 x 21 | 62x 22Y 
Heating Surface... .208 ccs. om css ete 268 309 400 503 596 710 809 898 1050. 
Manufacturer's Rating. ...........0....0:- 25 30 40 50 60 70 80 90 100 
Rating by Rule ............-.eeese ees eees 25.9 29.3 36.6 46.7 62.5 thes 77 87.5 90 
pie Se a BS scale BE CURIOS eS a a Boe 

VERTICAL TUBULAR. 
Diameter (inches) x Height (feet) ........ 21x 5 30 x 5 30 x 6 86x 7 |40 x 7) 44x8 48 x 8 48 x 9 54x 9 
Heating Surface... ...00 snc. weet os ons 58 84 100 180 238 292 358 480 578 
WISWINRNO MUNROE) IBENBIINES cocgescccuoms second 5 7 8 15 20 25 30 40 50 
Rating by Rule.... 0.2.65. 60.0621 662s se 5 7.8 9.4 15.6 20.6 26 8 32 36 45.6 
OEE TS SURI GREE has Senne Dane NE se ee ere Su EE I 

TWO-FLUE BOILERS. 
tie ee te ee ee ee 
Diameter (inches) x Length (ft.)| 36 x 18 36 x 22 | 42x 20 | 42 x 24 | 44x 26 | 48 x 26 | 40x 30 | 50x 82 | 54x 34 | 60x 33 
Heating Surtace™. 5.2. eens oe 206 253 285 338 393 415 478 542 610 663 
Manufacturer’s Rating .......... 15 26 25 30 35 40 45 50 60 70 
Rating by Rule.......2....+----: 18 22 23.3 28.7 31.8 34,7 40 44,5 51 55 


Table of Horse Power of Boilers. 


With 175 pounds boiler pressure the steam consumption is 
guaranteed not to exceed 15.6 pounds per horse power hour 
at full load, 18.5 pounds at half load, and 23.3 pounds at 25 
per cent. load. With 75 degrees superheat the consumption 
is guaranteed to be about 2 pounds less than at the different 
loads. 

The three turbo-generator sets will be installed in the 
Rapid Transit power house at North River and Fifty-ninth 
Street, Manhattan, occupying the center of the present engine 
room. They will rest on steel and concrete foundations built 
up from a solid-rock bed, and will be in line with the main 
generating units. The floor space occupied will be 1,824 
square feet total, inclusive of 3%-foot passageways, or 945 
square feet net, which furnishes a comparative figure of 0.2 
square foot per electrical horse power against 0.86 square 
foot per indicated horse power for three horizontal cross- 
compound Corliss engines of equal capacity, including gener- 
ators. 


HORSE POWER OF BOILERS. 
Power, October, 1902, p. 13. 

C. G. Robbins says: In a recent catalogue of a well-known 
maker of engineering specialties the writer noticed the fol- 
lowing approximate rules for calculating the horse power 
of various kinds of bcilers. The rules are intended for 
use in determining the proper sizes of injectors and other 


will save considerable trouble in measuring up and cal- 
culating the power of existing boilers when ordering injectors, 
feed pumps and the like. 


PROPER HANDLING OF COMPOUND LOCOMOTIVES. 
Paper read before the Tenth Annual Convention of the Trav- 
eling Engineers, Chicago, Ill., September 12, 1902, 
by W. J. Carroll. 

The economy in fuel with the compound locomotive is the 
result of passing the steam through two or more cylinders, 
with the object of obtaining, by a succession of expansions, 
more work from a given quantity of steam than can be ob- 
tained from the use of, steam through one cylinder, because 
the range of temperature in each cylinder is less, from the 
fact that compound engines use less steam than single-expan- 
sion engines, and that less water is used and less fuel is re- 
quired to evaporate the water. 

It is not expected that a compound locomotive should haul 
a heavier train or at higher speed than a single expansion 
locomotive of the same weight and class. No locomotive will 
haul more than its adhesion will allow. The compound will, 
however, keep a train moving at slow speed on heavy grades, 
where a single expansion locomotive will stall—this being 
accounted for from the fact that the pressure on the crank- 
pin is more uniform throughout the stroke. 

On all styles of compound locomotives the exhaust is much 
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milder than on single-expansion engines. This is due to the 
fact that the exhaust pressure is much less, and on this ac- 
count much better results can be obtained by maintaining a 
light fire. With a deep, heavy fire the mild exhaust does not 
create sufficient draft to work the fire. 

The fireman need not feel alarmed at any amount of abuse 
or carelessness on part of the engineer, by using the reverse 
lever in full stroke, or in slipping the engine, because he can- 
not tear the fire to pieces, as on a single expansion. It is also 
noticeable that when a compound locomotive is properly ad- 
justed and fired, the great annoyance of cinders, black smoke, 
sparks, etc., is overcome to a very great extent. In drifting 
down grades the ash-pan dampers should be Kept closed. 

From the experience an engineer has in handling a single- 
expansion engine, he should not require any further introduc- 
tion to the reverse lever, but he should use it for what it is 
intended. The reverse quadrant on all compound locomotives 
should be so arranged that it cuts off steam in the high-pres- 
sure cylinder at about one-half stroke; shorter cut-off will 
result in excessive compression in the high-pressure cylinder. 

Dry steam is to be considered even more necessary with 
the compound than with the simple engine. To reach this end 
a desirable depth of water over the crown sheet has been found 
in practice to be about 11 inches, and it will be found well to 
keep the water in the water glass at such height as to produce 
this depth over the crown sheets. Some little difficulty has 
been encountered with the by-pass valve, due to gum being 
formed by smoke drawn in. To obviate this, it has been found 
well to put a 14-inch hole in each end of the valve as near 
the head as possible, and apply a little valve oil. The blow- 
ing of the piston rod packing should receive careful atten- 
tion, as it not only wastes steam, but the condensation in the 
winter obstructs the view of the engineer. With more ex- 
perience on the part of mechanics with compound locomotives, 
and the higher education of them in this line, the compound 
will be found, in the opinion of many, to give much better re- 
sults. The compound locomotive. being of a somewhat more 
intricate design suffers at the hand of the mechanic in the 
roundhouse more than the simple engine. The steam leakages 
have not been overcome, and other faults in design have oper- 
ated to cause the engine men to condemn this form of engine 
without fair trial. 


HISTORY OF THE UNDER-FEED STOKER. 
Proceedings of the New England Cotton Manufacturers’ Associ- 
ation, September-October, 1902. 

In a paper upon under-feed stokers, Mr. Geo. C. Tewksbury 
gives the following sketch of the history of the Jones stoker: 

To Evan William Jones, of Portland, Oregon, is due the 
credit of first inventing an under-feed mechanical stoker that 
has been successful to a degree almost unknown to mechani- 
cal stokers—not only of the under-feed type, but of stokers in 
general. 

The circumstances leading up to the invention are some- 
what peculiar and, I am quite sure, will be interesting in view 
of the final results obtained. In the State of Oregon, where 
Mr. Jones resided, wood was more easily obtained than any 
other fuel; hence, Oregon fir was most universally used for 
power and domestic purposes. The residents of Oregon— 
certain portions of which may be classed as semi-tropical— 
have all the characteristics of residents of semi-tropical coun- 
tries, particularly in the respect that they are inclined to 
take life easy and do as little work as possible. The result 
has always been and probably always will be, so far as the 
furnishing of wood for fuel is concerned, that up to the time 
of its delivery no attempt is made to dry the same and 
consequently it is in a very green state when used. Now, 
taking into consideration the fact that Oregon fir has a 
high percentage of moisture and retains same much longer 
than most other woods, we can readily appreciate the neces- 
sity for some means of quickly and effectively drying the 
wood before using. 

Mr. Jones was at the time mentioned, about 1888, president 
of the Union Iron Works of Portland, Oregon, and was known 
throughout that section as having more than ordinary me- 
chanical skill. Certain customers of his (interested in the 
manufacture of paper) found it impossible to keep up steam 
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with the green wood that they were compelled to use. One 
of these customers took the matter up with Mr. Jones and 
asked him to devise some scheme by which the wood could 
to a reasonable extent be dried before it was necessary to use 
same for fuel. 

After giving the matter considerable thought Mr. Jones 
arrived at the conclusion that the only practicable way was to 
dry the fuel with the same heat that must be obtained to 
steam the boilers. After arriving at this conclusion he made 
up his mind that the only possible way to accomplish the 
desired end would be to introduce the fuel from beneath the 
fire line, carrying a fire on top of the fuel instead of on the 
grates that were until that time used. 

After making an attempt to introduce the fuel from under- 
neath by means of levers, he found that such a course would 
not be practicable and he therefore provided a steam ram for 
the purpose. The wood used was of the ordinary length 
(four feet) and was forced from below by means of the ram. 
After the furnace was once filled with wood (which before 
steam was obtained in the boilers could be placed in the 
furnace by hand) a fire was started on top of the wood. The 
supports for the wood consisted partially of solid iron plates, 
and at the rear of the furnace, which was inclined upward, 
erates were used. 

The result obtained was more than had been expected. 
An intense fire was created in the furnace, naturally at 
the top of the bed of fuel. This intense heat served to dry 
the fuel that was beneath same. In the drying process a 
considerable quantity of gas was thrown off, and the same natu- 
rally passing upward was consumed. Therefore the fuel— 
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Fig. 3. Original Under-feed Stoker. 


before being passed into the zone of combustion—was quite 
thoroughly dried and was in a proper state to give forth all 
the heat units contained therein. 

The accompanying illustration will give a fair idea of Mr. 
Jones’ invention, which proved to be entirely practicable, and 
which was used successfully in a number of plants in Portland 
and vicinity for a number of years. Some of these are 
probably now in use, although since they were designed coal 
has been found in the vicinity of Portland that can be used 
for fuel—and at certain times is cheaper than wood. 

Realizing that the field for a mechanical stoker designed 
solely for the use of wood for fuel was very limited and that 
equally if not more satisfactory results could be obtained by 
the use of bituminous coal for fuel under the same system, 
because of the high proportion of volatile matter contained in 
same, Mr. Jones naturally turned his attention to the devising 
of a mechanical stoker for that purpose. 

The fundamental principle of under-feeding which had 
already occurred to Mr. Jones very forcibly now became a 
fixed idea in his mind. You are undoubtedly more or less 
acquainted with this principle, that is, the introduction of 
the air above the fresh or green coal, but below the incan- 
descent bed of fuel, at or about the point where the volatile 
gases are liberated; which gives a thorough mixture of the 
gas and air before reaching the zone of combustion and which 
results in the practically complete combustion and the utiliza- 
tion of the heat of these gases which in ordinary hand-firing 
is to a great extent lost. 
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After having made the necessary drawings and after reach- 
ing the conclusion that a stoker would operate successfully, 
he obtained permission from the authorities of the Portland 
Cable Railway in Portland, Oregon, to equip two of their 
furnaces with same. Since then various changes and im- 
provements have been made. 

While I have stated that it is not my intention to enter 
into a technical description of the under-feed system of 
mechanical stokering, a brief statement of the theory will not 
be out of place. 

Properly operated the system represents a gas producer and 
gas consumer in one furnace. ‘The green fuel being intro- 
duced from the under side of the furnace proper, the incan- 
descent fuel resting thereon must necessarily liberate the 
volatile matter in the green fuel. Air being introduced at 
the point where gases are being liberated—this point being 
underneath the mass of incandescent fuel—a thorough mixture 
of the air and gases at a high temperature is certain to be 
obtained. This combustible mixture must pass upward 
through the body of incandescent fuel and must be consumed. 
The result is the utilization of practically all of the heat- 
producing elements in the fuel, making more nearly perfect 
combustion than can be obtained in any other way; and 
thereby insuring freedom from smoke. 

From the writer’s experience he believes that an hourly 
fuel consumption of about 1,000 pounds of coal is as great as 
should be attempted with one under-feed stoker. Attempts 
have been made by manufacturers of under-feed stokers to 
increase the fuel consumption above named, but in the main 
they have not been, and in the writer’s opinion, cannot be 
successful with all classes of coal. When greater fuel con- 
sumption is desired in any one furnace, two or more stokers 
should be used. 


SPEED TESTS OF STEAM AND ELECTRIC TRAINS. 
Scientific American, October 4, 1902, p. 216. 


The most direct evidence thus far afforded that the New 
York Central Railroad is taking active steps toward the in- 
stallation of electric traction for its suburban service in New 
York City is a series of tests which have recently been carried 
out on the experimental track of the General Electric Company 
at Schenectady. These tests were made with a view to de- 
termining the relative efficiency of steam and electric traction 
in such suburban passenger service as is carried on by the 
New York Central Company. The primary object of the test 
was to make a comparison of the rate of acceleration of the 
same train when hauled by a New York Central suburban 
engine and by a pair of electric motor cars, such as would 
be used were the suburban lines to be equipped with third- 
rail electric traction. For the purpose of the test, a train of 
six cars was made up, which included five standard passenger 
coaches of the New York Central Railroad preceded by a 
dynamometer car. The engine selected was one of the big 
tank engines especially designed for the suburban service of 
the New York Central Railroad, the engine being provided for 
this purpose with large heating surface and cylinder capacity 
and small-diameter six-coupled drivers. These engines have 
a total weight of 214,000 pounds, of which 128,000 pounds is 
on the drivers; a total heating surface of 24,065 square feet; 
cylinders 20 x 24 inches; a boiler pressure of 200 pounds to 
the square inch and a tractive power of 25,900 pounds. They 
have proved very successful, the acceleration being unusually 
rapid. Indeed, for this class of work, where stops are fre- 
quent, they are probably the best engines of their kind in this 
country to-day, and hence admirably adapted for a compara- 
tive test of capacity of acceleration with electric motor cars. 
For the electric test two General Electric motor cars, one 
weighing 73,000 pounds and the other 70,000 pounds, were 
used. These cars are 54 feet in length, and are equipped with 
four “G E55” motors, all axles being provided with motors and 
the two cars together giving about the same weight on drivers 
- as the steam locomotive. The test was, therefore, perfectly 
fair, the acceleration being directly comparable for trains of 
equal weight. The drawbar pull, speed and time were re- 
corded by the same dynamometer car in all cases, the engine 
simply being unhitched and the two motor cars coupled up 
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for the alternate trials. In carrying out the tests, the train 
of six cars with its engine or its electric motors, as the case 
might be, was started from rest and run over one mile of 
track, the acceleration being made as rapidly as possible with 
the power available. These runs were repeated, dropping off 
one car at a time, and a careful record was kept of the speed 
attained in 10 seconds, 20 seconds, 30 seconds, etc. The New 
York Central coaches weighed each from 48,200 pounds Lo 
60,250 pounds, and the total weight of the train behind the 
engine or electric cars varied from 157 tons down to 23 tons. 
The electric runs were made upon the General Electric 
Company’s experimental track against a head wind of 15 miles 
an hour. In the middle of the run there was a 6% degree 
curve, the frictional effect of which was assumed as equiva- 
lent to the 1-10 per cent. upgrade of the steam runs, which 
were made on the New York Central main line adjoining the 
electric works. In the case of the steam runs there was also 
a head wind of 15 miles per hour. Although the locomotive 
was especially built for rapid acceleration, having a large 
firebox and heating surface, the pressure dropped from 200 
pounds at the commencement of the mile to less than 185 
pounds during the early part of the acceleration. In start- 
ing, the throttle was opened wide and steam was used for the 
full stroke, the engine being hooked up as acceleration pro- 
ceeded. In neither case was there any slipping of the driving 
wheels. Although the steam locomotive was able to exert a 
tractive effort at starting equal to that obtained by the elec- 
tric motor cars, this high tractive effort was not maintained, 
but fell immediately with the increase of speed, in spite of the 
most expert handling of the throttle and reversing lever. 
A comparison of the results proves that the electric motors 
can better utilize the weight upon their drivers during accele- 
ration than a steam locomotive, the motor covering the same 
distance in the same time with less energy expended and at 
less maximum speed than a steam locomotive, owing to its 
being able to maintain its maximum accelerating rate for a 
longer period. In making the tests the power was kept on 
until the three-quarter-mile post was reached, when it was 
shut off and the brakes were applied so as to bring the train 
to rest as near the mile post as practicable. The steam train 
ran from 5 to 15 per cent. over a mile before the train was 
brought to rest, and the electric train from 2 to 4 per cent.; 
but, in spite of the longer distance covered, the average 
speed of the steam runs only approached that attained in the 
electrical runs over a shorter distance. Since the electrical 
runs all show a lower maximum speed and a higher average 
speed than those made with the steam locomotive, the energy 
consumption of the electric runs should, therefore, be less 
for the same work done than with the steam locomotive. 
Since the motors of electric trains may be placed upon the 
trucks of ordinary passenger coaches, there is a saving of 
weight due to the elimination of the locomotive and tender, 
and the authors of the paper point out that, hence, the true 
basis of comparison between steam and electrically-propelled 
trains should be the energy per seat mile rather than per ton 
mile. As an illustration of the advantages, in point of econ- 
omy of power, of electrical traction over steam, it was found 
that for a train of six cars the watt hours per passenger 
required in a steam train are 43.9, as against 29.7 in an elec- 
tric train. In a three-car train the watt hours for steam 
would be 77.4, as against 37.5 for electricity. In a compari- 
son of coal consumption, based upon the actual service of 
a steam locomotive for twenty-four hours covering four trips 
between North White Plains and the Grand Central Station 
on the New York Central road, it was found that the coal 
consumed per effective horse power hour was 15.6 pounds. 
In comparing this with electrical traction, it is assumed 
that the ratio of effective horse power output of motors to the 
indicated horse power of the central station engine is about 
50 per cent. The average coal consumption per horse power 
hour at the electric power stations is assumed at 214 pounds, 
and at this figure the coal per effective horse power output - 
at the electric motors would be 5 pounds. Assuming the 
head air resistance as 10 per cent. and the increased weight 
of the cars due to their electrical equipment as 20 per cent., 
the actual comparison of coal consumption works out in the 
ratio of 6.6 pounds per horse power hour for electric trac- 
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tion and 15.6 pounds for steam traction. Assuming the 
cost of coal for electrical power is about a third the total cost 
of that power if maintenance and interest on investment be in- 
cluded, it is concluded that the actual gross cost of electrical 
power would closely approximate the coal consumption cost of 
the steam locomotive in this class of service, the maintenanc# 
and attendance cost of the electrical equipment being, how- 
ever, considerably in favor of electrical power. 


THE AMERICAN ENGINEER IN ENGLAND. 
Journal Western Society of Engineers, Aug., 1902. 

About a year ago the British Westinghouse Electric & Mfg. 
Co. decided to build a plant in England for the manufacture 
of their product. The plant was to be constructed on the 
same plans as those used for the Westinghouse plant at Hast 
Pittsburg, Pa., with the addition of a steel foundry and of 
an iron foundry. 

The plant was designed by Mr. Thos. Rodd, of Pittsburg, 
and the work of construction was intrusted to a Manchester 
architect, but under his supervision the work progressed so 
slowly that it was evident to those interested that something 
must be done to hasten the work. It was generally conceded 
by English builders that it would take five years to erect the 
works contemplated, but a delay of a year or two years meant 
an almost inestimable loss, and therefore, a year ago last 
March, Mr. J. C. Stewart, of the contracting firm of James 
Stewart & Co., St. Louis and Pittsburg, having gathered 
around him a party of six American engineers and foremen, 
sailed for England, and on arriving there took immediate 
charge of the work. Mr. Wm. G. Sloan, who was one of 
the party, gives an interesting account of their experiences, 
in the Journal of the Western Society of Engineers, from 
which we quote: 

“The question was, ‘How can the plant be completed in 
the shortest possible time?’ The Americans interested in 
the business naturally looked to America for an answer to 
this question, and the contracting firm of James Stewart & 
Company of St. Louis and Pittsburg, agreed to take hold of 
the work and push it through, saying they could complete the 
work in fifteen months. 

“We found the work in charge (under an architect) of a 
clerk of works, who had a small office in one part of the 
grounds. This man had perhaps a dozen assistants, each 
having his little office in some part of the grounds, each seem- 
ingly as far as possible from the others. The first thing done 
was to build an office large enough to accommodate all the 
necessary force, so as to bring them under the immediate 
supervision and influence of the American management. 

“All these men had been in the habit of coming to work 
at nine o’clock in the morning, and leaving about five in the 
afternoon; they were requested to be on hand ‘when the 
work started and to remain until quitting time, and this re- 
quest caused about half of them to seek employment else- 
where, one of them saying in his letter of resignation, ‘A 
man cannot be a gentleman and work under the American ad- 
ministration.’ It may be of interest to state in this connec- 
tion that the average rate of pay of these clerks and inspec- 
tors did not exceed fifty dollars per month. 

“One custom we had the most difficulty in breaking down, 
was the old established one of stopping for the breakfast 
hour. The men started work at seven o’clock in the morning 
and at half past eight the work stopped for half an hour for 
the men to eat their breakfast. This consisted of bread and 
tea, and each man brought his tea and teapot with him to 
the work, and as I say, right in the best part of the morning, 
they all stopped work, and gathering in groups of three or 
four in a place, built little fires on the ground, heated the 
water and made their tea. You can readily understand, when 
you consider that at times we had as many as 3,000 men at 
work, how serious an objection this break in morning work 
would be; the men losing not only the half hour between 
8:30 and 9 but also wasting considerable time in stopping 
work and getting started again. We helped matters to a 
great extent by building a furnace and having the water hot 
for the men; making it a rule that no other fires should 
be lighted on the grounds. At the same time we discouraged 
in eyery way possible the keeping up of the custom, and 
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finally, one by one, the different trades acquiesced to our 
wishes in the matter, and before the work was done, all but 
the bricklayers had given up the custom. 

“Tf one department of our work created more comment and 
discussion than another, it was the work of our bricklayers. 
Shortly after we had taken hold of the work, the fact that we 
were laying 900 brick per man per day was published, and 
from builders in all parts of the country came the cry ‘Im- 
possible, the work of our bricklayers does not average over 
400 or 500 brick per man per day,’ and yet later on as the 
organization became better, and the men became accustomed 
to our methods, this average of 900 brick per man per day 
was doubled on the same class of work. So much comment 
was made on this, that on the construction of a large brick 
stack, Wwe went so far as to have the foremen make affidavit 
each night as to the number of brick laid and men employed 
on this particular piece of work. The men averaged over 
1,900 brick per man per day for a month, and the best day’s 
work was 2,100 brick per man per day. 

“Tn this connection I may say that the brick used in this dis- 
trict are larger than those we have here, being 3 x 44% x 9 
inches. This record was made possible by providing the most 
approved hoists for material, so as to have no delay on the 
part of men waiting for brick or mortar, and by the fact that 
we used a thinner mortar than was commonly used in Eng- 
land, thus saving time and labor in spreading the beds and 
setting the bricks in place; also that we were able to get and 
hold the best men by paying more than the union rate of 
wages, which for bricklayers is only 20 cents per hour. 

“JT will venture to say, that if you would go to 90 per cent. of 
the contracting engineers or builders in England, and ask, 
How many brick are you laying per man per day, or just what 
is your concrete or masonry costing you per yard in place? the 
answer would be ‘I do not know.’ ”’ 

Mr. Stewart did better than he said he would. He said it 
would probably take him fifteen months and the work was 
practically finished in a year. 

The cost of the buildings, with the machinery installed, was 
about $8,000,000; without the machinery, about $4,000,000 or 
$5,000,000.” 


THE RELATION OF THE DRAFTSMAN TO THE WORKSHOP. 
Engineering Magazine, October 1902, p. 98. 


Mr. W. H. Booth, in writing upon this subject presents it to 
the reader from the view point of the British draftsman. To 
begin with, the term “draftsman” is vague; for the name of 
engineer, which includes it, includes also, in British parlance, 
a vast concourse of men, ranging from the designer of a Forth 
Bridge to the manufacture of iron bedsteads or the driver of 
an engine. His position is by no means a pleasant one, as he 
very seldom comes in contact with the outside world, and re- 
ceives but slight recognition from his superiors. It is often 
said that he gets all the blame when things go wrong and 
secures none of the credit for what scores a magnificent suc- 
cess. The insistence upon petty details is often a drawback 
to the draftsman’s position. 

The chief draftsman of a certain colonial railroad known to 
me once insisted that the draftsmen under his charge, who 
were frequently called upon to make sketches in the running 
shed, should actually make these sketches to scale, and he 
insisted they should figure these sketches with a particular pat- 
tern of figure, fractions being shown thus, 4 inch, with great 
regularity of style, and he once ordered the correction of a full- 
size drawing of part of a Bissel truck because a piece which 
was correctly dimensioned to 24 inches actually scaled 1-64 
inch from truth. The art of drawing nicely is not of particular 
value to-day in an engineer’s office. 

Every establishment may be said to possess the kind of 
draftsmen it deserves. There are too many places where he 
is expected to lie prone upon his board all day. Such a posi- 
tion is simply ridiculous; it wastes room, impairs the man 
physically, and is useless. With a little practice any drafts- 
man can acquire facility in working on a vertical board where 
he can stand upright or use a stool and suffer less in his eyes 
and none in his chest. 

In the old days there was constant rivalry and ill feeling be- 
tween the drafting office and the pattern shop and machine 
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shop. Such conditions were due to sheer ignorance on the part 
of the draftsman as to the limits of the machines in the shops, 
or to indifference resulting from his acting up to the offi- 
cial ordering of his status—that he had no business with the 
shops. 

In a small establishment the draftsman is usually the engi- 
neer; he gets out all the plans, supervises construction in the 
shop and the erection outside, orders every scrap of material 
and gets out estimates for new work. Now if this man and 
his methods be taken as a starting point for the organization 
of a large shop, the engineering department—a wider and bet- 
ter term than “drawing office’—might be placed on a sound 
footing. When an order is to be executed, it should be left to 
the drawing office to decide upon the method and materials of 
construction, what existing drawings and patterns can be 
utilized, and what stock shall be ordered outside. All steel, 
bolts, plates or other material kept in stock should be ordered 
under the supervision of this department. 

The present very usual system of getting out estimates for 
new work in an estimating department quite distinct from the 
engineering department, is wrong. This estimating should be 
done by the engineering department which ought to be the 
intelligence bureau of the establishment, to which all informa- 
tion should be sent, and from which the orders should ema- 
nate in respect to the use and purchase of materials and the 
general methods of construction. The keeping of time costs 
should come under this department by which also the piece 
work prices should be established. If all of these duties were 
organized into one department with one head, friction and red 
tape would be avoided and there would be harmony between 
the various branches of the work. 

The familiar saying that there are no old draftsmen, is very 
true. The position is not what the intelligence and training of 
its best members entitle it to be, and if men are not killed off 
by the prone position, they leave the drawing board for other 
work. Better management would place such other position 
very often within the radius of the engineering department. 


A HIGH-DROP TEST OF AN BLEVATOR SAFETY AIR 
CUSHION. 


Engineering News, October 9, p. 295. 


A test of an air cushion installed at the foot of the elevator 
shaft in the Philadelphia City Hall tower was made on Sep- 
tember 29. The tower of the Philadelphia City Hall attains 
the greatest height of any building ever erected. It is 500 
feet from the pavement to the base of the statue of William 
Penn, which surmounts the tower. An elevator in the tower 
carries visitors from the upper floor of the building to a point 
just below the base of the Penn statue. 

The test consisted in letting the regular passenger elevator 
car, weighing about 2,500 pounds, drop from the top of the 
shaft, a free fall of 290 feet, before entering the well-like 
chamber 75 feet in depth called the air cushion. In the car 
were a lighted lantern, six rats, 50 incandescent light bulbs, 
and several dozen eggs. At the appointed time the car was 
cut loose, and four seconds later it shot like a flash out of 
sight into the air cushion. Two seconds afterward there was 
a cannon-like report, accompanying the escape of the sud- 
denly compressed air through the valves. The sliding steel 
door of the air cushion chamber was then drawn back, and 
inspection showed that while the lantern was upset, and a few 
of the eggs were broken, the rats were unscathed save for a 
bath of kerosene oil, and the incandescent bulbs were wun- 
broken. The elevator car appeared to be uninjured. The 
test is a remarkable one in that the total fall, 365 feet, ex- 
ceeded by 65 feet any previous test. The velocity of the 
car upon entering the air chamber after a free fall of 290 feet, 
neglecting air and guide friction, was about 136 feet a second, 
or nearly 93 miles an hour. A 2,500-pound car after falling 
365 feet, friction neglected, would possess 912,500 feet pounds 
energy; and if this energy was overcome by opposing a uni- 
form resistance during the 75 feet of fall in the air cushion, 
its necessary resistance would be more than 12,000 pounds. 
The area of the car floor was approximately 5 X 6— 30 square 
feet, so that the pressure upon the floor under the conditions 
assumed would be 400 pounds per square foot, or about 3 
pounds per square inch. The maximum pressure was, of 
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course, much greater than this, probably more than double, 
for the pressure starting at zero increased as the car de- 
scended until a maximum was reached. A 150-pound man 
under similar conditions of uniform retardation would ex- 
perience an upward pressure of 720 pounds upon the soles of 
his feet, and probably not less than double, or say 1,500 
pounds at the moment of stopping, while the pressure upon the 
hip joints would be about. two-thirds that on the feet. A 
Sandow would readily sustain such a load without weakening 
at the hips or knees, but an ordinary man would almost surely 
collapse, although, of course, with injurious results by no 
means comparable to those that would follow a free fall of 
much less height. Mr. F. T. Ellithorpe, president of the Elli- 
thorpe Safety Air Cushion Co., has himself many times dropped 
six stories without the least injury. 

Relative to the egg as a means for testing the effect of the 
sudden stopping of an elevator car, Engineering News has 
several comments to make. In one series of tests upon the 
strength of eggs it was found that to crush an egg, placed 
between two flat boards, a pressure of 4 1-3 pounds was re- 
aquired, or 38 times the weight of the egg. Another series 
showed that, with the major axis set horizontal, the average 
crushing force was 12.2 pounds, or 97.6 times the weight of 
the egg. Still another series with the axis vertical gave 18.1 
pounds, or 144.8 times the weight of the egg. 

From the results of these tests it is quite evident that, pro- 
vided no jar took place, an egg would. stand a drop in an ele- 
vator car falling a distance of at least 38 times the depth of 
the air cushion and possibly of 95 to 145 times the depth of 
the air cushion, assuming a uniform retardation Imsthe 
air cushion. In the 365-foot fall in the Philadelphia City 
Hall tower where the ratio of air cushion depth to total drop 
is about one to five, it is manifest that the few eggs which 
broke were broken by jar at the time the car struck the bot- 
tom, and not by pressure developed by their inertia. 

While pressure developed by inertia would not crack the 
eges, it would, as we have shown, cause a man to feel as if 
he literally weighed a ton, and might result in serious injury. 

The ege test is, therefore, very unsatisfactory, as proof of 
the effectiveness of the air cushion as a safety device. The 
fall of animals in the car without injury is much more con- 
yincing. 

In proportioning the air cushion it has been found necessary 
to make its depth from 1-6 to 4%, usually 1-5, the maximum 
possible drop of the elevator car. The sides of the air cushion 
chamber in the Philadelphia City Hall tower are of 5-16 sheet 
steel, stiffened with horizontal 5-inch I-beams, 19 inches c. to 
ce. At the bottom is a heavy sliding steel door which is, of 
course, closed after the entrance of passengers into the car. 
There is a clearance of about 14 inch between the elevator car 
and the sides of the air cushion. An air escape vent is pro- 
vided in one side of the air cushion and is triangular in shape. 
Its base, 4 inches wide, is located at the top of the air cushion, 
and its vertex is 35 feet below. Fifteen feet below the vertex 
of the escape vent is an escape valve having a circular open- 
ing 15 inches in diameter, and 10 feet from the bottom of the 
air cushion is another similar escape valve. The springs of 
the valve are so proportioned that at a pressure of about 3 
pounds per square inch on the valve surface it will begin to 
open, and at 9 pounds per square inch the valve will have 
reached its maximum opening. Near the bottom of the air 
cushion is a check-valve which permits air to flow inward and 
prevents the formation of a vacuum under the car when it 
begins its ascent. 

Four ordinary compound elevator springs are provided at 
the bottom of the air cushion to act as bumpers. The springs 
are about 514 inches diameter, 16 inches high and susceptible 
of a 7-inch compression. 

It will be evident that in case the car should fall into the 
air cushion from some point below the top of the shaft and 
the valves were the only means of escape, the car would be 
stopped before it reached the bottom of the air cushion or 
more quickly than necessary. As actually installed, however, 
there is a narrow air space all round the sides of the car 
between it and the walls of the chamber and the air escapes 
here as well as through the air valves in case a car falls into 
the cushion. 
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SPUR GEAR PLANER. 


A MACHINE FOR PLANING LARGE SPUR GEARS BY THE 
USE OF A SINGLE-POINTED TOOL AND TEMPLETS. 


The Newton Machine Tool Works, of Philadelphia, have 


recently furnished the R. D. Nuttall Co. with a gear cutting 
machine of unusual capacity and embodying many new and 
While the operation of the machine is 


interesting features. 


Fig. 1 


similar to that employed in some of the bevel gear shapers, 
this is an original application of the principle to the forma- 
tion of spur gears. A good general idea of the machine is 
gained from the half-tone, which was taken before the ma- 
chine left the shop. When in place, the top of the dividing 
table will be nearly flush with the shop floor and most of 
the indexing mechanism will be below the floor line. The 
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by a motor enclosed within the column. The vertical column 
can be moved in and out to any desired position on the ex- 
tension bed and will accommodate gears up to 380 feet in 
diameter. If a greater capacity was required, the bed could 
be extended indefinitely to take any size of gear, 

Figs. 3 and 4 show a section through the tool apron, or 
saddle, and the mechanism by which the tool is fed. As the 
saddle is raised and lowered the star wheel A is revolved by 
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engaging with the pins BB. During the upward stroke no 
motion is produced, owing to the star wheel working on a 
ratchet, but as soon as the apron begins to descend, the pin 
gear, operating through the feed gears, causes the screw C to 
revolve and thereby feed the apron across the face of the 
column. With the feed gears D and H, shown in Fig. 4, in 
use, the apron would be fed to the right, but if these are 
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Fig. 2. Section through Guides and Templet Holders, 


sear, lying flat upon the dividing table, is accurately spaced 
around by the dividing mechanism shown at the left of the 
cut, and the teeth are shaped to templets by a tool carried in 
the vertical slotter. This slotter has a stroke of five feet 
and is driven by a spiral gear connected to the bevel gearing 
shown on the countershaft. The countershaft itself is driven 


removed and the combination shown in Fig. 3 substituted, the 
introduction of the extra gear Ff causes the apron to be fed to 
the left. Upon either side of the apron are the steel points 
GG, Fig. 2, and as the carriage is fed to one side or the other, 
these points come in contact with the templets which are held 
in the templet holders H H. This guides the movement of 
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the tool to conform with the shape of the templet. As the 
revolution of the star wheel would have a tendency to feed 
the apron farther than the templet allows, a friction clutch, J 
in Fig. 5, on the star wheel shaft allows the feed to slip as 
soon as the point G touches the templet. 

While the head is being fed crosswise, the tappet J, strik- 
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in mesh, and the worm wheel S then revolves until checked 
at the end of a complete revolution by the plunger Q, which 
has by this time reached its former position at the bottom 
of the slot, thus preventing further rotation of the wheel S. 
The friction clutch then slips and the motor is stopped. Mo- 
tion is transmitted from the worm S to the worm shaft P 
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Fig. 3. Section through Tool Apron. 


ing against the top of the lug K, revolves the gears L, M and N, 
and then through the chain of bevel gears O, O, O, the screw 
P is revolved, thus feeding the tool in the tool-post up to the 
work. A hinge and spring mechanism on the tool-post allows 
the tool to spring downward on the return or upward stroke. 

A section through the dividing table is shown in Fig. 6. 
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Fig. 5. Section through Star Wheel and Friction Clutch. 


This table is, in effect, the upper side of a large worm gear 
which is driven by a worm on the shaft P. Fig. 7 shows the 
indexing mechanism for revolving this table. The motor 
having been started, the plunger Q is raised by means of the 
lever R and this leaves the gear S free to rotate. The fric- 
tion lever T is now thrown over, putting the friction clutch 
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Fig. 4. Feed Mechanism. 


through the intermediate gears U and V, the sizes of which 
are varied to give any desired divisions to the revolution of 
the gear that is being cut. 

When internal gears are cut the vertical column is trans- 
ferred to the dividing table, the internal gear remains sta- 
tionary, and the slotting machine itself is indexed around to 
each tooth. When completed, this machine was tested by 
means of a transit placed on the dividing head. This was 
sighted on a point about 40 feet distant so as to multiply the 
error, which proved to be almost imperceptible. 

ok ck 
NEW INDUSTRIAL CENTER. 

The plants of the affiliated Westinghouse companies, Pitts- . 
burg, have become so extensive that there is little available 
room at their present locations for future building exten- 
sions. To provide for future growth it was necessary to go 
outside of the city limits and a new industrial center has been 
opened up about 17 miles east of Pittsburg. The new setile- 
ment is on the Pennsylvania Railroad and is to be known as 
Trafford City, where extensive factory sites have been laid 
out and every provision made for a comfortable and health- 
ful residence section for the employees. The manufacturing 
plants will be located on a fairly level area between the 
Pennsylvania Railroad and the residence portion of the city, 
which will be reached from the railway station by a steel via- 
duct 1,100 feet long. The residence district has been laid out 
upon hillsides and on a generally level plateau, high enough 
above the factory sites to render it free from smoke and dirt. 
The city consists of two oblong areas, one of which is about 
Y% mile by 1-5 mile and the other 1%4 mile by 1-7 mile, the 
two areas meeting in such a way as to form a reversed letter 
“I,” the corner of which is the most northerly part. The 
town has been laid off into about 800 building lots, each with 
an average frontage of about 30 feet and a depth of 100 feet. 
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In addition to this, space has been left for six parks. The 
new town is connected with Pittsburg both by the Pennsyl- 
vyania Railroad and by street railroad. 

The factory site, located in a bend of Turtle Creek, pro- 
vides room for nine factory buildings, each about 200 feet by 
800 feet. A system of railway yards and tracks serving this 
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order that the first story may be free from columns. The 
other end of the building is to be used for pattern storage and 
will have three floors. The foundations are of concrete and 
the superstructure of steel and brick. The foundation of the 
ground floor is made up of 8 inches of concrete into which 
the floor sleepers are bedded and on top of these is a layer 
of 2-inch maple flooring. The 
upper floors in both the pat- 


tern shop and storage build- 


ing are supported on steel 
beams and steel: girders, and 


Fig. 6. Section through Dividing Table of Spur Gear Planer. 


area has been laid out in a very thorough manner, providing 
a track alongside of each building and transversely through 
each end. The storage tracks, in connection with this, occupy 
an. area of about 300 feet by 200 feet. 

The first of the Westinghouse companies to erect buildings 
in the new city is the Westinghouse Foundry Co., which is 
putting up an extensive and model foundry plant and pattern 
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are made up of 3-inch yellow 
pine flooring. The roof pur- 
lins are steel I beams spaced 
8 feet center to center, and 
covered with 3-inch roof 
sheeting which is covered 
with slate. 

The foundry building is 611 
by 184 feet, and asin the case 
of the pattern shop, the foun- 
dations are of concrete and 
the superstructure of steel 
and brick. The foundry is di- 
vided transversely into three 
bays, the center bay being 80 
feet between centers of col- 
umns and having runways 
for electric traveling cranes of 150 tons lifting capacity. The 
two side bays are 50 feet wide and have runways for 50-ton 
cranes. At one side of the foundry building runways are 
provided for yard traveling cranes of 100-foot span and a 
lifting capacity of 75 tons. 

At the middle of one of the side bays, where the cupolas 
are located, is a charging floor about 50 feet square, con- 
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Fig. '7. Indexing Mechanism of Spur Gear Planer. 


shop. The immediate necessity for this comes from the in- 
crease in the engine and turbine business of the Westing- 
house Machine Co. The pattern making and storage building 
is to be of steel and brick, 605 feet long and 80 feet wide. The 
pattern shop occupies two floors at one end of this building, 
the second floor being suspended from the roof trusses in 


structed entirely of steel. The melting equipment of the foun- 
dry will consist of two air furnaces, each having a capacity 
of 30 tons, and three cupolas capable of melting 18 tons per 
hour each. This will enable a casting weighing as much as 
100 tons to be easily poured and the casting can afterwards be 
lifted out of the sand by one of the 150-ton traveling cranes. 
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LETTERS UPON PRACTICAL SUBJECTS. 


REGARDING LETTERS UPON PRACTICAL 
SUBJECTS. 


Editor MACHINERY: 

It is a noticeable fact that among practical mechanics, those 
who work at the bench, those who stand day after day at the 
machines, and those who as foremen have the active direction 
of everyday work, the features of a mechanical publication 
which are intended to give “the greatest good to the greatest 
number” are more or less misunderstood. 

The “letters on practical subjects” are generally from men 
of ripe experience who endeavor to write on such matters as 
may be useful to many of the younger mechanics who are am- 
bitious to profit by the experience of their elders, as well as 
to “find out things for themselves.” A letter may sometimes 
seem to have been written to fill up space, when in reality 
nothing was farther from the author’s thoughts. To another 
reader the same letter may prove to be of the greatest value. 

Those who write these letters usually have something to 
say worth reading by a large number of people. They do 
not aim to write of matters absolutely new, or of subjects upon 
which no one has ever written before. Very few things are 
really new. Solomon said there was “no new thing under 
the sun.” But there are a great many things learned by ex- 
perience that are of considerable benefit to younger students 
and mechanics. 

We often hear the remark, by experienced men in the shop: 
“Why, I see lots of things in that paper about my business that 
I knew twenty years ago; I don’t see anything new in that 
and never thought anyone would think of writing about such 
a simple thing.” 

The good man forgets that while many of these things are 
not new to him, there are hundreds of young men in the busi- 
ness to whom they are new, and who gladly avail themselves 
of the opportunity thus afforded to obtain new ideas. The 
articles were not written for the older men who know, but for 
the younger men ‘who do not know. 

The older and more experienced man might as well say to 
the younger, “What is the use of studying school books? We 
knew all about the subjects in them years ago.’ Certainly. 
But there are thousands of young persons who do not know 
these things and must learn them. The school teacher might 
as well say: “Everybody knows the things I teach, why should 
I go on teaching the same things year after year?’ Simply 
because everyone does not know these things. 

It would seem to be the duty of those who have, through 
education and experience, learned of these special matters per- 
taining to their business or profession, to “pass along” the in- 
formation to the many younger persons who have not had their 
experience, and to many who have not had their opportunities. 

And it would seem to be a most worthy ambition on the 
part of the editors of mechanical papers to try to teach prac- 
tical subjects to young mechanics and thus extend “the great- 
est good to the greatest number,” as well as to record the new 
inventions and discoveries, and to publish wise dissertations 
on deep and erudite scientific subjects. 

Oscar EH. PERRIGO. 


AN AUTOMATIC ELECTRIC CURTAIN HOIST. 
Editor MACHINERY: 

In every college lecture room as well as in many high schools 
and institutes the electric stereopticon is frequently employed 
in connection with the regular day courses of work. It is 
then necessary to darken the windows by means of shades, as 
well as to draw down a prepared white screen for illustrative 
purposes. 

The accompanying illustration shows a ‘very unique elec- 
trical hoisting apparatus which is used for drawing down the 
shades and the stereopticon screen at the same time by simply 
pressing a button or turning a switch. The apparatus _was 
devised by Chas. W. Carman, of Chicago, formerly the pro- 
fessor of physics at the Lewis Institute. 

This automatic electrical device makes it possible for the 
operator at the lantern to open all the opaque shades of the 
lecture room or laboratory in an instant by a special switch 
close at hand. The same device raises the screen out of the 


way while another daylight demonstration or lecture is taking 
up a portion of the time. The curtains are all raised or low- 
ered in less than half a minute from the time the switch is 
closed, and when fully opened or closed the mechanism is auto- 
matically cut out of circuit. The operator after manipulating 
the switch may therefore immediately give his attention to 
other work. 


Electric Curtain and Screen Hoist. 


The drum is connected to the motor through a worm gear 
and a magnetic clutch. It is a reversible motor and by 
means of a double-throw switch is operated in one direction 
or the other, depending upon whether the curtains are to be 
vaised or lowered. The limit stop provided breaks the circuit 
through the motor armature and the magnetic clutch, and 
changes the connections when the curtains are in their ex- 
treme position. The magnetic clutch ceases to act and the 
curtains are held in position while the armature comes to rest 
after its momentum is overcome. 

The stereopticon screen is connected to the drum by a 
rope and the various shades about the room are connected 
by cords through pulleys to the rope which extends around the 
room below the windows. A weight is arranged at the end 
of the rope which keeps it taut regardless of the action of 
the curtain rollers. There are two portions on the drum, one 
of greater diameter than the other, and the curtain roller 
cords are connected to one and the stereopticon screen rope 
to the other so as to provide for the different ranges of travel. 
The motor used is of the multipolar direct current type, as 
noted in the accompanying view. 


Buffalo, N. Y. FRANK C. PERKINS. 


TOOLS FOR MACHINING A SPECIAL CASTING. 
Editor MACHINERY: 


The hood-shaped casting shown in Fig. 1 formed part of 
an electrical appliance which was being manufactured in 
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Fig. 1. The Casting to be Machined. 


large numbers and, as it is a characteristic piece of duplicate 
work, the method employed in its production may prove of 
interest to MACHINERY readers. 

The operations necessary for machining this casting were: 
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First, to drill and ream the %-inch hole A; second, face the 
base B; third, finish the circular portions C C to given di- 
ameter and taper; and finally, to drill the 14-inch holes 
through the center of each of the four posts D D. The first 
and second operations were both performed on a turret lathe 
with the casting held in a four-jaw chuck, as shown in Fig. 2. 
The hole A was first bored with the usual turret boring tool 
and reamed to size with a floating reamer. The work was 
then driven slowly, by throwing in the back gears; and the 
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Fig. 2. Facing the Base. 


second operation, that of facing the base B, was performed 
by the use of a large face milling cutter, placed on an arbor 
which was held in the turret head, as shown in Fig. 2. 
This cutter was of the ordinary type of facing cutter except 
that the teeth, on the facing side, were staggered to prevent 
chatter. The cutter, which was driven by the key K, was 
held in place on the arbor by the nut N and the washer W. 

With this cutter it was possible to machine a large number 
of castings before it required to be ground. 

The third operation, that of finishing the circular taper 
surfaces C C, was accomplished as shown in Fig. 3 by the 
use of an end mill in a universal milling machine. The 
work was held on an arbor between the tail and dividing- 
head centers and the swivel carriage moved around until the 
table and arbor stood at the desired angle with the face of 
the milling cutter. After setting the work so that the de- 
sired amount of stock would be removed, the cross-feed screw 
was clamped, and the work fed against the cutter by revolv- 
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Fig. 3. Milling the Sides. 


ing the dividing head by hand. For the last operation, that 
of drilling the holes D D, the jig shown in Fig. 4 was con- 
structed. This jig was made in two parts, a body casting in 
which the work was located, and a lid W, which was hinged 
at one side and carried the four tool-steel bushings R R by 
means of which the holes were located and drilled. 

A hinged bolt and thumb nut Q served to clamp the two 
parts. together when the jig was in use. 

The bottom of the body was bored out to correspond in 
taper and diameter with the taper surfaces of the work at 


MACHINERY. 


153 


C QC. Extending inward from one side of this hole was a 
lug K in which was fitted the stop pin Z The stem of this 
pin, where it fitted into the lug, was eccentric with the body 
of the pin so as to provide for adjustment, while the screw J 
locked the pin in place when the proper adjustment was 
attained. 
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Fig. 4. Jig tor Drilling. 


This pin was brought against one of the inner lugs of the 
casting, as at H, and thus located the lugs in the proper posi- 
tion to be drilled. 

When in use the swinging clamp Q is released and the 
lid W thrown back. The work is then slipped into the body 
and located within the taper seat and against the stop pin Z. 
The lid is then brought down by grasping the handle S, and 
as the spring pad U strikes the work the tension of the spring 
O O enables it to force it tightly down on the locating seat. 
The lid is then held down on the body casting with one hand, 
while the swinging clamp is swung up and fastened with the 
other. The casting is then drilled through the bushings R R. 
One of the best features of the jig is the impossibility of 
the chips and dirt interfering with the accurate and positive 
locating of the work. FRED J. BRYON. 

Brooklyn, N. Y. 

A DRAFTING-ROOM CONVENIENCE. 
Hditor MACHINERY: 

How often it is that a draftsman is required to use another 
drawing for reference which he must continually consult, and 
if it is a large sized drawing it is generally kept on the con- 
sulting table beside his drawing board. This compels him to 
keep forever stretching to see it or constantly getting on 
and off his stool. 

In a place where I was once employed, having much of this 
to do, I devised a scheme which caused some ridiculing from 
the boys, but which proved to be very useful as well as cheap, 
and it may prove of interest to some other draftsman. 

The illustration will make it clear without much explana- 
ticn. A is a pine stick 3% inch by 1% inch and about 40 
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Hanger for Reference Drawings. 
inches long. Onto this stick are screwed three ordinary spring 
clothes pins. Two strings are fastened to the stick and pass 
up to two screw eyes placed in the ceiling the same distance 
apart as the strings on the stick. 

Two more screw eyes are placed in the ceiling near the wall, 
or any out-of-the-way place, and through these the strings 
pass down to a weight. This holder is placed parallel to the 
drawing board about one inch back of it. 
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This holds the drawing where it can be easily referred to by 
the draftsman, and it can be easily raised or lowered to suit 
his convenience. ERNEST W. DUSTON. 


BALL BEARING FOR SUPPORTING LONG WORK 
ON A SLOTTER. 


Hditor MACHINERY: 

Recently while passing through the shops of a large concern 
in Philadelphia that builds blowing and high-speed engines, 
I noticed an application of the ball bearing to a rather unusual 
purpose and one that was new to me. Like many other simple 
things its use for the purpose is quite obvious when it is once 
known. 


CONNECTING ROD 
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Ball Bearing Support for End of Connecting Rod. 

A large connecting-rod was being machined on a slotter and 
the ball bearing was used to support the outer end so that it 
was free to move in all directions with the feeds. The usual 
plan that I have seen followed in such cases, is to support the 
outer end of a long piece by a rope tackle or a chain hoist 
attached to an overhead support, but in some cases, as here, 
such an arrangement is inconvenient. The connecting-rod on 
the slotter was of the solid-end type, 12 or 15 feet long and 
weighing probably not less than 1,500 pounds. The work being 
done was squaring up the interior surfaces for the adjustable 
brasses so that the feeds were in two directions. If a roller 
bearing or a carriage with wheels had been used it would have 
been necessary to turn it one-quarter around when changing 
from one feed to the other. The ball bearing C was placed be- 
tween two surface plates B B’ under the rod A, as indicated 
in the cut. The balls were about 114 inch diameter and were 
six or seven in number. They were held in a cage made of 
two disks of sheet iron held in proper relative position by 
rivets and distance pieces. The disks were, of course, perfo- 
rated with holes through which the balls projected in order 
to bear on the plates. 

Newark, N. J. EF. EMERSON. 


TURNING PULLEYS IN THE LATHE. 
Editor MACHINERY: 
Considering the large number of excellent machines that are 
now made for turning pulleys it may seem a little behind the 
times to say anything about doing this class of work in lathes. 
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shops the pulleys are turned in a lathe, the tail stock being 
set over to give the taper which is required to give the pulley 
its crown. 

As this involves several objectionable features, a number of 
expedients have been devised whereby the pulley may be 
turned crowning, at the same time keeping the centers in line. 

The method here described has been in use for about six 
years and has been very satisfactory as it is extremely simple 
and does the work rapidly. 

A grooved rail, A, Fig. 2, is fastened onto the back of the 
lathe bed and in this groove slides the guide block B, in which 
are cut two grooves making the same angle with the cen- 
ter line of the lathe as it is desired that the faces of the 
pulley shall make with the axis. In this groove runs a roller 
C, which is fastened to the under side of the arm D. This 
arm D is in turn attached to the tool block. The cross feed 
serew is removed from the carriage so that the motion of the 
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Fig. 3. Pintle for Turning Pulleys. 


roller in the guide block imparts a similar motion to the tool 
in the tool post. The guide block B is clamped within the rail 
A, in such a position that when the tool is at the point of the 
crown of the pulley the roll will be at the apex of the groove. 
The tool is set by moving the tool block in and out, with the 
nut # loose, allowing the shank of the roll to slide freely 
through the slot in the arm D. The tool and guide block hay- 
ing been set properly, are clamped in their respective posi- 
tions, and the pulley is turned in the same manner as if the 
face were straight. When this attachment was used to turn 
pulleys that had been forced on an ordinary lathe arbor it was 
necessary to alter the guide block for each pulley in order to 
bring the center of the crown coincident with the center of the 
pulley; so for the stock sizes of pulleys, the faceplate arbors, 
or pintles, were made as shown in Fig. 3. These pintles con- 
sisted of a cast iron base F# into which was securely screwed 
the arbor G, of the same diameter as the bore of the pulley. 
The pulleys were held on the arbor by the 
washer H and the nut K, and were driven by 
means of the pin LZ which engaged one of the 
arms. The nut K is of such size that the dis- 
tance across its corners is less than the bore of 
the pulley and the washer H has one side open 
at O. By making the nut and washer in this 
way, when it is desired 10 rermove a pulley, the 
nut is turned only enough to release the washer 
which can be slipped off by the slot O, after 
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Lathe arranged for Turning Pulleys. 


There are, however, many shops in which a large number of 
pulleys have to be turned, yet not enough to warrant the in- 
stallation of an expensive pulley turning machine. In such 


which the pulley can be pulled off over the nut. 

The pintles were held to the faceplate by two 
clamp bolts and were centered by the boss MM, 
which fits a corresponding recess in the center 
of the faceplate. A little step will be noticed 
on the rim of the pintle at N. This is for setting 
the lathe tool and is of the same diameter as the 
pulley to be turned will be at the edge of the 
rim. This is of the greatest convenience, for in 
using this attachment the cut always begins at 
the outside edge of the pulley, and if we did 
not have this gage it would be necessary to cal- 
culate each time what the diameter should be at the edge in 
order that the pulley should have the required diameter at the 
crown. As it is, we have only to set our tool to the gage and 
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we know that the pulley will have the proper crown diameter. 
A separate pintle must, of course, be provided for each diame- 
ter and face of pulley. 

To turn a pulley with this attachment, we first set the tool 
to the gage on the pintle, then the carriage is run by hand, 
away from the pintle sufficiently to allow the pulley to be 
put on. After this the tool is run up to the edge of the pulley, 
the longitudinal feed ig thrown in, and the pulley is turned, 
the tool feeding toward the headstock. When the turning is 
completed, the lathe is stopped and the pulley taken off. The 
carriage is then run back out of the way and the next pulley 
put on the pintle, the carriage brought up to the starting point, 
and the operation repeated. The tool having once been set 
for a given size need not be altered except for sharpening. 

Two small pulleys may be turned at the same time by using 
two tools as shown in Fig. 4. 


New York, N. Y. GEORGE HENRY. 


HOLDER FOR BROKEN SHANK DRILLS. 
Editor MACHINERY: 

Like most tool-makers, I have had a great amount of trouble 
in trying to use drills from which the tang has been broken. 
These drills are too good to throw away, so I devised the 
socket shown in the sketch for holding them. The taper 
shank of the drill fits its corresponding taper hole in the 
socket and is thus sure of running true. After the drill is 
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in Fig. 3 (a taper of about .006” per inch) and a thin piece 
of steel riveted to the opposite side with a small rivet and 
worked down until the cutter and wedge is the size the 
cutter originally was. 

This throws the cutting edge in enough so that the thread 
following does not drag or bind on the work. 

The cam C@ has a flat side and when the die is to be backed 
off of a thread its flat side is turned to the cutter, allowing 
the cutter to slide back enough for the die to run freely off 
the threaded bolt. It is kept in place by a small screw (not 
shown), the head of which is seated on the small collar 
beneath the butterfly head. 

The adjusting screws A A are to adjust the other two 
cutters and need not be moved except when sizing the first 
thread cut. The guide G with its bushing B is plainly shown 
and, I think, needs no explanation. MeSH eS BAnTs 

Watervliet, N. Y. 

A PROFITABLE OPERATION. 
Editor MACHINERY: 

The tail piece casting, A, Fig. 1, of the Binsse Machine 
Tool Co.’s boring mill, has a long undercut groove on the 
upper side for the feed slide to which the cutter bar is 
clamped. This groove was formerly machined on the planer, 
but at considerable trouble and expense on account of the 
narrowness of the undercut portions. These are squarely 


Holder for Broken Shank Drills. 


pushed into the socket the headless set-screws are screwed 
down into the flutes of the drill and thus keep it from turn- 
ing in the socket. This arrangement works very satistfac- 
torily and soon saves its cost in the value of the otherwise 
useless drills that can be used with it. 


Philadelphia, Pa. FRED HARRISON. 
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AN ADJUSTABLE HAND THREADING DIE. 
Editor MACHINERY: 

The accompanying sketch shows a hand threading die, the 
cutters of which are backed off slightly, making it a very 
easy running die, and it is also provided with a way of open- 
ing the cutters to back it off of the thread that has been cut 
and closing them again to exactly the same size. 

The stock with plate P removed is shown in Fig. 1 and a 
sectional view with all parts in position in Fig. 2. 


Industrial Press, N.Y. 


Milling Tail Piece of Boring Mill. 


cut for the wings of the feed slide. Anyone having experi- 
ence in planing under ledges will appreciate the difficulty of 
producing square accurate work with slim bent planer tools 
working in a narrow space. These grooves are now milled 
on a Brown & Sharpe No. 5 vertical milling machine which 
has been recently installed. They are finished in four opera- 
tions, two roughing and two finishing cuts. The first opera- 
tion is indicated in Fig. 2. The milling tool is a compound 
cutter, consisting of the surfacing cutter B and the grooving 
cutter C. Two .of these tools are 
provided, one for roughing and the 
other for finishing. After the fin- 
ishing cut has been taken, the un- 


dercut portion indicated by the 


dotted lines D is milled with the 


cutter H, Fig. 3. Two of these cut- 
ters are also provided for roughing 
and finishing. These cutters are 
made with “staggered” teeth, that 
is, say a tooth is located so as to cut 
on the upper side of the groove, 
then the next one on the lower 
side and so on. The shanks of 
cutters H are made to closely fill 


Hand Threading Die and Die Stock. 


The plate Q is firmly riveted to the stock by the six rivets 
marked R. The plate P drops over the heads of the three 
screws marked S, and after turning the narrow part of slots 
under these heads the screws are run down and hold the 
plate in position. 

The cutters D D D are made to fit the slots in the stock, are 
threaded, and then tapered off on the cutting side as shown 


the groove previously milled so as 
to steady them sideways. The work 
produced in this manner is highly 
satisfactory, both in quality and 
cost. ins IO), ie. 
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PUNCH AND DIE MAKING. 
fiditor MACHINERY: 

In the September number of MAcuINERyY Mr. Joseph V. 
Woodworth had an article describing the construction of a 
double punch and die. Now with all due respect to Mr. Wood- 
worth, my experience as a toolmaker leads me to take excep- 
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tion to some parts of his method employed for constructing 
this die. 

Mr. Woodworth states that no great care need be exercised 
in planing the die, as it is to be ground; but it has been my 
experience that it is better to plane the die carefully so as to 
have the top and bottom parallel. I have also found it better 
to bevel the sides of the die last, for by leaving the edges 
square it will stand squareiy on edge and a surface gage can 
be used for laying out, which I consider much better than 
using a try square. In using the try square, if the diemaker 
tilts the beam of his square the least amount, it places the 
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Fig. 1. Punch and Punch Plate. Fig. 2. Prick Punch. 


blade of the square on an angle across the face of the die. 

For outlining the blank on the face of the die, he describes 
the use of a female templet formed by bending a piece of 
brass over the face of the die and working out the center to 
exactly fit the male templet. Now in Mr. Woodworth’s use 
of:a female templet he introduces several opportunities for an 
error. In bending his sheet brass to fit the die, an exact fit 
is necessary, and this is not an easy thing to obtain. Then 
consider the time required for filing an irregular shaped hole 
to fit a templet perfectly. Supposing that the toolmaker in 
filing this female templet should get the edges of the profile 
on a slight angle (such a thing happens quite frequently), 
then when he scribes the outline on the die from this templet, 
he is scribing an outline that is not a counterpart of the mas- 
ter templet. Therefore, considering the chanees of error in 
bending, filing and scribing and the time that this requires, 
I would suggest doing away with the use of the female templet 
altogether. To do this, clamp a thin parallel—a scale does 
very nicely—to the face of the die. Against this parallel, place 
the master templet, clamp and scribe the outline. Then slide 
the master templet along the parallel to proper position, and 
transfer the piercing holes directly from it. In transferring 
these holes, Mr. Woodworth advises the use of a center drill 
which fits the holes in the male templet. In making the center 
drill, one turns the drill to fit the hole in the templet and 
points it at the same time without removing it from the lathe 
until it is completed. But in filing the clearance of the drill 
it is a very easy matter to carry the point to one side, making 
it run eccentric to the body of the drill. True, it will spot a 
hole central with the drill but the eccentric motion has a 
strong tendency to crawl along the face of the die, thereby 
changing the position of the templet. A greater objection is 
the undeniable chance of error when starting another drill 
in the place spotted, for a center drill will not allow spotting 
deeply, as a long point would touch the die before the body 
entered the templet. I very much prefer to use a piece that 
has been turned to fit the templet and a very small prick 
punch turned in the center, at same turning, as shown in Fig. 
23. By placing the prick punch in the templet when it is in 
proper position and giving it a light tap, it will prick the face 
of the die sufficiently to “wiggle up,” as toolmakers term it, 
with the center indicator. 

As to the punch, Mr. Woodworth advocates machining it 
“so that its entire length will be the shape of the blank.” I 
think it is much better to make it as shown in Fig. 1, the 
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reason being that the shoulder or heel left on the punch tends 
to keep all the weak parts from spreading during the process 
of hardening. I submit the following method for aligning the 
punch and die as an improvement on that described by Mr. 
Woodworth: : 

Clamp the punch plate on the face of the die and with the 
prick punch, shown in Fig. 2, which fits perfectly the piercing 
holes in the die, prick the face of the punch plate; then with- 
out disturbing the plate, scribe the outline of the blanking die 
upon its face. Remove the punch plate and find the approxi- 
mate center of the outline scribed from the blanking die and 
prick punch same. Now “wiggle up” and bore the hole for 
the shank of the punch A, and at the same time face off a seat 
for the back of the punch at B; also bore the holes for the pierc- 
ing punches. Make these punches as shown to fit tightly the 
holes in the punch plate. In making the piercing punches they 
should be left 1-32 inch longer than the blanking punch. In- 
sert the two piercing punches and the blanking punch into 
the punch plate and fit the dowel C in the shank of the blank- 
ing punch. Enter the two piercing punches into the die until 
the face of the blanking punch rests on the face of the die; 
then scribe the outline of the blanking die on the face of the 
punch, care being taken to scribe close to the die. Remove 
the punch and mill as close to the line as possible, return 
punch to holder after beveling the edges slightly, and shear 
the punch, being guided by the piercing punches. Work off 
the stock curled up and repeat the operation until finished. 
If the punch is to work heavy stock, a setscrew, D, against 
the shank of the punch would be advisable. 

New Haven, Conn. FrRanK H. SHAILOR. 


BALANCING REVOLVING BODIES. 
Editor MACHINERY: , 

Having had several discussions with mechanics of the 
question of the balance of unsymmetrical bodies, I have found 
that many have erroneous ideas on the subject. . For instance, 
many contend that a body like that shown in the figure 
might be in perfect balance at one speed but not at all speeds 
of rotation, owing to the action of centrifugal force. I trust 
that the following discussion from a mathematical standpoint 
may help some to get the correct view of the subject. 


CENTER OF ROTATION 
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In the figure let 
W = number of pounds in larger weight. 
R = number of inches from center of gravity of W to 
center of rotation. 
W!: = number of pounds in smaller weight. 
R = number of inches from center of gravity of W* to 
center of rotation. 
For W and W' to balance each other, it is obvious that 
WR must equal W'R'!, when they are at rest. Now let: 
F = centrifugal force in pounds set up by W when revolving 
at np revolutions per second. 
F’ = centrifugal force in pounds set up by W’ when revolv- 
ing at n revolutions per second. 
Then, of the revolving bodies balance F — F”’; also 
4n?Wrn?R 4 2? Wn? R} 
iP ss and Y= — = 
g g 


Therefore, 
47?Wn? R Ae VU ies Jay 


g g 

and cancelling the equal terms we find WR = W'R’*. So we 
see that a perfect standing balance is a perfect running balance 
at all speeds, for the weight on one side multiplied by its 
radius always equals the weight on the other side multiplied 
by its radius and the speed factor drops out entirely. 

It will be seen from the foregoing equations that the cen- 
trifugal force varies as the square of the speed; hence if the 
speed is doubled the centrifugal force is increased four times. 
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If we suppose the difference between the centrifugal force 
of W and W'! to be very slight, when revolving at 100 revolu- 
tions per minute they would appear to balance. If now they 
were revolved 500 revolutions they would at once be seen to 
be out of balance, since the difference in centrifugal force 
would be 25 times as great as at the former speed. 

Grand Rapids, Mich. G. E. MILEs. 


TURNING NINETY-INCH PISTON RINGS. 
Editor MACHINERY: 
In the works where I am employed we recently had occasion 
to re-bore a compress cylinder 90 inches in diameter and make 
new rings for the same. The re-boring was easily accomplished 


Turning the Rings. 


~with a 6-inch bar pulled with a rack, but when it came to 
turning the rings we were somewhat puzzled, as the largest 
lathe in the shop would swing but 32 inches. The manner 
in which we finally accomplished the job will be clearly seen 
in the accompanying photograph and sketch. We reversed the 
headstock of the lathe so that the faceplate would over- 
hang the end of the bed and to the faceplate we bolted six ribs 
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DRAWING COMPOUND CURVES. 
Editor MACHINERY: 

In making up double curves or reverse curves by means of 
compasses, or the so-called “French curve” templets, it must 
be remembered, that no two curves can join neatly except at 
points where their tangents are common, and that any two 
or more curves can be joined end to end gracefully, if they 
be tangent to the same line. This is true of two or more 
convex or of two or more concave curves, or of one or more 
convex and one or more concave. 
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Compound Curves and Isometric Triangle. 

To facilitate this work it is well to draw at various points 
on the templets, lines perpendicular to the tangents thereto 
and in laying down compound curves to see to it that these 
perpendiculars coincide. 

I send herewith an outline of such a templet with some 
perpendiculars marked thereon; also some “traces” made in 
accordance with this system. 

Machine frames made with outlines which do not sweep 
into each other on this plan will be neither so strong nor so 
graceful as where the curves have common tangents at their 
points of meeting. 

As in isometric drawing the main axes which are not ver- 
tical are at 30 degrees to the horizontal, there may be used 
to advantage to facilitate rapid drawing in of the inclined 
lines such an “arrow-head” device as is shown in sketch. 
From the base of an equilateral triangle (preferably of trans- 
parent celluloid) there is cut out an isosceles one of 120 
degrees apex, care being taken to keep the sides of the large 
triangle equal. The piece cut out may also be finished and 
used for angles of 30 degrees. 

Another way of making the 
same thing is to cut two equal 
isosceles triangles of 120 degrees, 
glue them together at the short 
sides, and strengthen the joint 
with a double dovetail or double 
clover-leaf Key. 

RoBERT GRIMSHAW. 

Hanover, Germany. 
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Arrangement for Driving the Casting. 


with the center of the lathe we bolted a circular rack. The 
rings were cast with six lugs which were bolted to the ends 
of the ribs. The ring was driven by a gear and pinion ar- 
rangement clearly shown in the sketch. The carriage was 
mounted upon a wooden frame and the tool fed by hand. With 
this rig we were able to turn two rings, each 3 inches wide 
and 90% inches in diameter, in 30 hours. 


Dallas, Texas, Orto P. Downina. 


GHT-AT-ABLE BOILERS. 


Editor MACHINERY: 

It is a good maxim in any kind 
of construction that hidden work 
is apt to be, or become bad. It 
may start out good, when the 
maker is competent and honest; 
but sooner or later if you cannot 
get at it to inspect it, and repair 
it, there will be trouble. How few things give out when you 
can see where they are “going?” Somewhere back or below or 
within, where the eye cannot reach or where light never pene- 
trates, there is a leak or a crack, or something wrong. A 
boiler, being an affair which may be highly dangerous, should 
be of a kind which will permit a man of moderate size not only 
to look it all over but to go all through it. His eyes should be 
able to see, his hand to feel every portion. If possible there 
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should be room for a hammer to strike every part, in order to 
determine whether it gives a ring or not, and whether or not 
things are right. The boiler that you can get into, under and 
around is, other things considered as equal, more desirable than 
one which cannot be got at. There is a great deal of human na- 
ture in mankind, and the average man is not going to break his 
back and strain and twist his neck and break his shins craw!l- 
ing under and over and by obstructions more or less sharp, 
hard and dirty. If he owns the boiler, he will do all of this 
perhaps under a sense of duty to himself; but remembering 
that, after all, the duty is principally due to himself, he will 
postpone paying it until the last possible moment. Sometimes 
he waits until the “last horn blows,” and the last horn is an 
explosion. 

Accessibility is a source of economy, because the boiler that 
can be got at easily will be kept clean, and the clean boiler 
will make steam more cheaply than a dirty one. The accessi- 
ble boiler is more safe, other things being equal, than the 
one which cannot be got at without a great deal of trouble. 
Eternal vigilance is the price of safety no less than of liberty. 

The boiler which can be got at will be less likely than any 
other to break down suddenly and stop a whole establishment. 
And in these days the stoppage of steam supply may throw out 
of work hundreds and even thousands of hands; for steam is 
not only the source of power, but also the heating agent. 

All things being considered, and considered in their true 
light and in their true weight, it pays in every way to provide 
in a boiler a fair degree of accessibility; and the boiler which 
is get-at-able is the one which can be trusted, day in and day 
out, to give better money’s worth and cause less anxiety than 
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is made a little thicker or thinner than the plan calls for. 
In a case like this the waste of time in recutting and thread- 
ing pipe may amount to as much as the expected profit. An- 
other point to be considered is the height of the various 
floors; these are frequently different, sometimes on the same 
floor there is a difference of a few inches in the height. 
Upper floors have usually more area than the lower floors, 
due to the thickness of the walls decreasing toward the top. 
If this is not taken into account a riser that is about 4 inches 
away from the wail at the first floor may be 12 inches away 
at the top floor. 

The simplest conventional way to represent a piping sys- 
tem is shown in Fig. 1. The pipe is represented by straight 
lines p, the fittings by crossing the former with short lines 
and by circles or parts of circles. 

When it is desired to have the drawing represent a pipe a 
little better than done in Fig. 1 we may use two lines. In 
this way the various fittings will, of course, look better, but 
in the writer’s judgment, all this extra labor is in most cases 
merely time wasted. In Fig. 2 is shown an arrangement of 
piping in which the pipe is represented by double lines. 

Frequently there are three lines of piping, one under the 
other, or alongside. In the drawing they are shown side by 
side. These pipes are usually steam, return, and drip. To 
prevent misunderstanding they may be drawn in different 
colored inks; say black for steam, red for return, and blue 
for drip. For blue-printing the use of colors is not recom- 
mended, therefore black alone should be used; the steam pipe 
may be represented by solid lines, the return by dots, and 
the drip by dashes, as shown in Fig. 3. In every case, how- 
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Conventional Pipes and Fittings. 


CONVENTIONAL METHOD OF DRAWING PIPES 
AND FITTINGS. 
Editor MACHINERY: 

The drawing of plans for a steam heating system is not 
usually done in strict accordance with the principles of me- 
chanical drawing. To do so would be a mere waste of time 
as conventional methods of representing the various pipes and 
fittings are just as intelligible to the steam fitter as a correct 
representation would be. 

Before commencing the drawing the draftsman should 
measure the building carefully. It is not safe to rely entirely 
on the architect’s plans of the building, as frequently a wall 


A very important point is to see that the size of each 
length of pipe is distinctly marked. 

When a drawing is to be made for “show” the piping may 
be shaded something like Fig. 4. 

Fig. 5 shows conventional ways of representing various 
coils. 

Fig. 6 shows a plan of a radiator; it is merely a small 
rectangle. The number of square feet of heating surface it 
is to have should be stated; the symbol given after the 50 
(in Fig. 6) stands for “square feet,” it is simply a small 
square with an f drawn over it. 

Fig. 7 represents an elevation of a radiator, it consists of 
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a number of vertical lines joined, freehand, at bottom and 
top so as to represent the various sections. An air valve is 
shown at a and a radiator valve at Db. 

Fig. 8 shows a conventional way of showing a register, 
Fig. 9 a pin radiator. Figs. 10 and 11 show ways of repre- 
senting air ducts. Where a riser is to be shown leading up 
to a register it is merely necessary to make a small rectangle 
as shown. 

Many other conventional methods could be shown but the 
ones illustrated above are perhaps the best, as they are quite 
simple. CHartes G. PEKER. 

New York, N. Y. 


RE-BORING HEADSTOCK BOXES. 
Editor MACHINERY: 

In the September Macuinery, “Connecticut” asks for a 
method of re-boring headstock boxes. I send the accompany- 
ing sketch to show a very simple way in which this may be 
done. 
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4. W. J. D. I have a plate bearing a series of knives which 
are about 7-64 inch thick, and from 9-16 to 11-16 inch 
wide on the end. Both plate and knives are malleable iron. 
I wish to harden these knives in the shortest time and cheap- 
est way, the case-hardening to extend back about % inch from 
the end, the balance of bar and knives to remain soft and the 
points not to be brittle. Will you advise me as to the best 
way to do this? 


A.—Melt some cyanide of potassium in a crucible or an iron 
dish. A comparatively shallow dish would answer the pur- 
pose. It must, of course, be large enough to receive all the 
projections. The cyanide must be heated to a red heat. The 
blades may be immersed in it and left for a sufficient length 
of time for the cyanide to penetrate to the desired depth. 
(This must be a matter of experiment, with a scrap of the 
same metal.) When heating in the cyanide the blade should 
be worked up and down a trifle, to prevent a fire crack. When 
heated for the proper length of time it may be removed and 
plunged in a bath of water. Should this, however, make the 
metal too brittle, use a bath of sperm oil and tallow—equal 
quantities. If this does not make them hard enough add alum 
to the oil until the desired result is 
obtained; although I should say 
the bath of water would harden 
them all right; malleable iron 


is a variable quantity to consider, 
as no two foundries turn out a 
product exactly alike, and no one 


foundry (so far as I know) turus 


Arrangement for Re-boring Headstock Boxes, 


Before dismantling the lathe, the block A is boited to the 
tool post and bored out to carry the boring bar B. The cross 
slide gib screws should be set tight to prevent the block from 
getting out of line after it is bored. The headstock is then 
dismantled and set forward on the ways sufficiently to allow 
the steady rest to be placed on the end of the bed as shown. 
The boring bar is centered in the steady rest and is fed by 
moving the carriage in the direction indicated. It is driven 
by the pulley C and the spring D is provided to keep the bar 
from jumping in feeding. (i, Tes 
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HOW AND WHY. 


A DEPARTMENT INTENDED TO CONTAIN CORRECT AN- 
SWERS TO PRACTICAL QUESTIONS OF 
GENERAL INTEREST. 


Give all details and name and address. The latter are for our 
Own convenience and will not be published 


3. C. Payton.—Will you please inform me whether or not 
there is a standard for threading steam and gas pipes which 
gives the number of perfect threads each respective size 
should have? 


A.—We reproduce the following extract from a table of 
standard wrought iron pipe sizes, published by Morris, Tasker 
& Co., Philadelphia, and which may also be found in Kent’s 
Mechanical Engineers’ Pocket-book. 
Nominal size of No. of threads per 


Length of perfect 


pipe. inch. thread. 
\Y 27 19 
4 18 .29 
36 18 30 
% 14 .39 
4 14 40 
1 111% bl 
1% 111% 54 
1% 11% a .55 
y 11% 58 
2%, 8 .89 
3 8 .95 
3% 8 1.00 
4 8 1.05 
4% 8 1.10 
5 8 1.16 
6 8 1.26 


The taper of the thread is %4, inch per foot for all sizes. 


out a product that runs uniformly 
right along—if considered from a 
hardener’s point of view. It is 
best to get a good quality of cyan- 
ide, being careful not to get one 
made expressly to produce colors. 
There is a brand made which, 
when malleable iron gun frames 
are heated in it and dipped in 
water, will produce the most beau- 
tiful colors, but will not harden the work. But that is a 
special brand, and is not used for ordinary purposes. Cyanide 
is a violent poison, and care should be taken not to allow any 
moisture to get into red hot cyanide, as this would cause it to 
fly and perhaps severely burn the person using it. 
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5. Subscriber.—‘Kindly state through your columns how a 
double helical gear (herring-bone gear) is cut, especially how 
the corners where the angle formed by the meeting of the 
teeth of the two parts of the gear are worked out so sharp and 


neat.” 

A.—If the gear is to be in one piece and the teeth must meet 
at a sharp corner we know of no other way than to work out 
the corners by hand. As this entails a great amount of work, 
several methods are employed in order to avoid. the hand 
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Fig. 1. Fig. 2. 
work. It is very common practice to use two gears side by 
side, as shown in Fig. 1. One is cut with a right-hand spiral 
and the other with a left-hand spiral and they are driven from 
the shaft by the same key. If thought necessary they can be 
fastened together by bolts or pins running parallel with the 
shaft. Another method, which permits of the gear being made 
in a single piece, is shown in Fig. 2. It consists in omitting 
a small portion of the teeth where the corner comes, which 
permits the teeth to be milled in the usual way. 
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ITEMS OF MECHANICAL INTEREST. 


GERMAN GLOBE VALVES—TAP SCREWS IN TAIL SHAFT 
LINERS—EBXPANDING PULLEY—WORM GEAR- 
ING—RECOIL OF GUNS. 


The availability of petroleum as fuel depends on its price 
relative to that of coal. Roughly speaking, four barrels of 
petroleum are equal in heating capacity to one ton of goou 
coal. It is quite probable that one pound of petroleum can- 
not be made to evaporate much more than 16 pounds of water 
from and at 212 degrees F. The evaporative capacity of one 
pound of good coal under the best conditions may be safely 
put at 10 pounds of water from and at 212 degrees F. So 
the practical calorific value of good bituminous coal may be 
said to be about five-eighths that of petroleum, pound for 
pound. <A barrel of petroleum weighs, say, 330 pounds, or 
six barrels to the ton. At $1 per barrel petroleum is no 
cheaper than coal at $3.75 a ton. 


The following note is taken from a recent report of 
the British Admiralty Committee on Naval Machinery: 

‘Submitted, that for lining bearings, crankpins, bushes and 
other parts, exclusive of crosshead bushes, the following 
alloy has, in hard ocean steaming, been found, after extended 
experience, to give good results: 12 parts tin, 1 part copper, 
1 part antimony, mixed in the following way: Six parts tin 
alloyed with 1 part of antimony, and 6 parts tin with 1 of 
copper, and the two mixed together. For lining crosshead 
brasses the following harder alloy has been found to give 
good results: 85 per cent tin, 5 per cent copper and 10 per 
cent antimony. 


Clear glass is objectionable for the sunny side of a shop 
having large windows extending to the eaves, or in skylights. 
The sunlight pouring through on hot days makes a glare 
and heat that are unendurable. Ground glass is expensive, but 
a good substitute for it may be easily made by stippling clear 
glass with white lead and oil. This can best be done by a 
brush whose bristles are cut off short and square. The bris- 
tles of such a brush are dipped into a shallow dish containing 
the white lead and cil and then struck end on against the glass. 
Each bristle leaves a small dot of white on the glass that is 
permanent when once well dried. In this way the light pass- 
ing through may be broken up without greatly reducing its 
total volume. 


Where steam pipes are carried underground they should, 
of course, be covered with some insulating material to reduce 
the losses from condensation, and also as a measure to pre- 
vent rapid deterioration by rusting. The general experience 
of steam-heating companies in cities seems to indicate that 
the best covering for underground steam pipes is a casing 
made of white pine having about a 4-inch shell. The casing 
is built up of staves which have been thoroughly kiln-dried 
and coated with asphaltum. The lengths should be joined 
by mortise and tenon joints well made, so as to exclude 
all moisture. The loss from condensation with such a cover- 
ing is said to range from 114 to 6 per cent per mile of pipe 
of, say, 6-inch size. The loss is, of course, proportionally 
smaller for larger pipes when the circulation is the same, and 
greater in both cases when the circulation falls below normal. 


The American Engineer and Railroad Journal relates two 
unusual examples of rapid cutting that were recently made at 
the Bethlehem Steel Company, with Taylor-White steel tools, 
which well illustrate the phenomenal qualities of that steel. 
In one instance a cut 13-16 in. deep was taken on a nickel- 
steel electric power house shaft mounted in a 90-in. lathe and 
revolving for a cutting speed of 25 feet per minute, the rate 
of feed being 3-16 in. per revolution. In the other, a nickel- 
steel crank shaft for a protected cruiser was machined in a 
50-in. slotter by a cut 114 in. deep and a feed of 1-16 in. per 
stroke, the cutting speed being 18 feet per minute. The for- 
mer case corresponds to a removal of 66.78 cu. in. of metal per 
minute, or 2.318 cubic feet per hour. The great capacity of 
such rapid cutting can be better appreciated when it is con- 
sidered that the rate mentioned corresponds to the removal of 
1134.9 lbs. of steel per hour, or of 5.67 tons per day of 10 hours 
steady cutting. 
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OIL GROOVES IN SHAFTS. 

The persistency of an idea that has been instilled by early 
training, whether in religion or in trade, is quite remarkable 
to say the least. No trade or avocation is without its tradi- 
tions and precedents, and it sometimes requires considerable 
courage to oppose them even if a variant practice is obviously 
better. One of the most persistent ideas in the machine 
business is that oil grooves for lubricating bearings should 
be cut on the inside of the boxes. Probably not one machinist 
in a hundred ever thinks of cutting them in the shaft, and it 
is hard to convince the average machinist that such is the 
best practice. Once in a while some writer in a technical 
journal will point out that the old practice is inferior to cut- 
ting the grooves in the shaft, but it makes little impression 
and the average machinist goes on in the same old way. It 
is somewhat refreshing to find a machine tool building concern 
that follows the shaft-grooving practice for distributing the 
lubricant and to know that they have been doing it for some 
years. The Binsse Machine Co. groove all shaft bearings with 
spiral grooves, usually two in reverse spirals. This is done 
on short shafts by the milling machine, and the results are 
eminently satisfactory. There may be other manufacturers 
following the same practice, but they are not so common as 
they should be. Let the shaft be its own oil distributor; 
gravity is too uncertain. 


GLOBE VALVES WITH LEVER AND SCALE. - 

A frequent cause of boiler explosions is the too sudden 
opening of the throttle, especially where the machine to be 
served is a “steam-chewer” like a steam hammer. 

To prevent this and other annoyances of greater or less 
magnitude and to enable one to see just how far the valve 
is open, the globe valves shown in Figs. 1 and 2 have been 
brought out by a German manufacturer, Dreyer, Rosenkranz 
& Droop, of Hanover. 

This design has also the advantage of rendering the open- 
ing and closing of large valves more easy. 
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Fig. 2. 


Fig. 1. 


As will be seen in Fig. 1, the stem is not threaded but is a 
straight, plain rod playing up and down in the stuffing-box. 

The work of opening and closing the valve is performed by 
the screw A and its handwheel R. Any desired degree of 
leverage may be gained by proportioning the arms of the 
lever H, and the degree of rapidity of opening and closing is © 
regulated by the pitch of the thread on the spindle A. 

The position of the double pointer P as regards the double- 
faced scale 7 shows the degree of opening attained. 

Fig. 2 shows a valve having double pointer P and double- 
faced scale 7’ without the lever. 


THE USELESSNESS OF TAP SCREWS IN TAIL SHAFT 
LINERS. 


In an article, “Tail Shafting for Marine Engines,” which 
recently appeared in Marine Engineering, the writer, Mr. J. P. 
Badenhausen, quite properly condemns the common practice 
of putting screws through tail shaft liners to hold them to 
the shafts. He says tail shaft liners must be made of specially 
good composition, since the stress set up by shrinking them 
in place has sometimes been sufficient with common alloy 
to split a liner from end to end. Notwithstanding the fact 
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that the liners are shrunk in place, some marine engine 
builders make it a point to additionally secure such liners 
by countersunk tap screws. In his opinion this practice is 
not only unnecessary but is often the cause of great injury 
to the shaft. If the liner becomes loose so that the screws are 
the sole dependence for holding the shaft and liner together, 
great harm may be done, since the liner is loose and salt 
water will get between it and the shaft and cause corrosion. 
The liner being held in place by the screws it becomes doubly 
dangerous, as the corrosion may proceed indefinitely before 
it is detected. If a liner gets loose the sooner it is known and 
remedied the better. Again, the holes drilled into a shaft 
for the screws tend to weaken the shaft and form the starting 
point of cracks that otherwise would not have been developed. 


EXPANDING PULLEY. 

The illustrations, 4, B, C and D, show the principle of a 
novel expanding pulley made by Delagneaux, of Paris, for 
varying the speed of automobiles. A shows the pulley ex- 
panded to its largest diameter, and B contracted to its small- 
est diameter. The ratio of the largest diameter to the small- 
est diameter is 244 to 1. So if the two pulleys like A and 
B were belted together, the variation of speed possible would 
be about 4.5 to 1. C shows how the arms are jointed so as 
to collapse to the smaller diameters. When the arms are 
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cases the worm wheel ran at a speed of 40 revolutions per 
minute. The worm wheel is of a special mixture of phosphor 
bronze and the worm is of tool steel, both accurately ground 
and polished; they run in an oil bath of ample size, the end 
thrust being taken up by ball bearings. Messrs. Rosling & 
Fynn, Limited, have had some of these sets running for over 
two years, working steadily 8 to 10 hours a day, and so far 
there are no appreciable signs of wear. 

These sets are used to give the required reduction in 
electrical driving. 


RECOIL OF LARGE GUNS. 

It is a well-known principle of mechanics that action and 
reaction are equal and in opposite directions. The momentum 
of the gun and the shot fired are equal. The boy who has 
just fired a musket for the first time realizes the truth of the 
principle although he may not greatly admire it. When the 
musket becomes a rifled gun weighing 50 to 60 tons, firing a 
shot weighing a ton or more, the same principle still applies. 
J. F. Meigs in an article “Ordnance Engineering” in the #n- 
gineering Magazine illustrates the immensity of some of the 
forces called into play on a great battleship by a statement 
of the quick recoil of big guns. He says that one of these 


guns weighing as much as a fair-sized locomotive, is projected 
to the rear at a rate of 25 feet per second when fired. 


The 
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An Expanding Pulley. 


in the position indicated by aaaa the pulley is expanded 
to its largest size; when they are in the position indicated 
by a’a’a’a’ it is contracted to the smallest diameter. The 
principal novelty of construction, however, is the structure 
of the rim. It is made up of short sections mounted on 
short levers, which are jointed together in pantagraph form. 
The upper part of illustration D shows the position these 
levers take when the pulley is expanded; and the lower por- 
tion when it is contracted. The same action is also illus- 
trated in the views of the two pulleys A and B. The obvious 
advantage of this somewhat complicated structure is that 
the pulley is always approximately circular in form no mat- 
ter in what position it is. This produces a smoother 
action than is possible with the type of expanding pulley 
having the rim divided into a small number of sections. 


WORM GEARING OF HIGH EFFICIENCY. 

The Electrical Review, in a recent article, gave a short 
account of some experiments with worm gear transmission 
which were made by Messrs. Rosling & Fynn, Limited, of 
Bradford, Yorkshire, England. Starting with an efficiency of 
67 per cent, which was considered good only a few years ago, 
by careful selection of material, design of pitch and thread, 
and good workmanship, they have been able to produce a 
worm gear with a reduction of 40:1, having a guaranteed 
efficiency of 90 per cent, in the case of a 4 H. P. set and 91 
per cent in the case of a 10 H. P. set.. In both of the above 


hydraulic recoil plunger brakes stop it in a distance of about 
36 inches and powerful springs instantly return it to the 
firing position. So quick is the movement that the eye usu- 
ally fails to note it, and devices are used in gun turrets to 
prevent guns being loaded twice on account of the inability 
of gunners when in action to tell whether a gun has been fired 
or not. Nothing, perhaps, gives an idea of the great forces 
in action so well as the snapping of a 50-ton weight to the rear 
and back again so quickly that the human eye can scarcely 
see it. 
*k kK * 

The New York Sun publishes some interesting figures re- 
garding the capacity of the two mammoth steamships now 
building at New London, Conn., for the Great Northern Steam- 
ship Co. When completed these vessels will ply between Seat- 
tle and the Orient and will have a larger capacity than any 
vessels in the world. 

Each vessel has deck room of over five acres, available for 
carrying freight and can carry over 900,000 bushels of wheat. 
Taking the average 36-foot car, with a capacity of 60,000 
pounds, this would make a railroad train nearly seven miles 
long. To transport a full mixed cargo of one of these vessels 
would require 2,500 ordinary railway freight and passenger 
cars. The vessels will each be 630 feet long, 73% feet 
extreme beam, 55 feet 6 inches in depth; have a gross ton- 
nage of about 21,000 and an extreme load displacement of 
about 38,000 tons. 
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NEW TOOLS OF THE MONTH. 


A RECORD OF NEW TOOLS AND APPLIANCES FOR MACHINE SHOP USE. 


The L. §. Starrett Co., Athol, Mass., have recently brought 
out a test indicator which can be attached to the needle of a 
surface gage or to any flat or round support up to % inch in 
diameter. With the indicator is furnished a holder to go in 
the tool post of the lathe. The head of the needle has three 
working points so that the indicator may be used on work in 
front, above or below it. The gage is graduated to read in 
thousandths of an inch. 


The Whitman & Barnes Mfg. Co., Akron, Ohio, have 
brought out a wrench which is a combination of a nut and 
pipe wrench. In general appearance it is similar to an ordi- 
nary machinists’ wrench except that it has two sets of jaws, 
one set having the usual flat faces for use on nuts and bolts 
while the other set is grooved for gripping steam or gas pipes. 
The lower jaw on the pipe side is mounted on a pivot which 
enables it to engage or release the pipe in the same manner 
as an ordinary pipe wrench. 


Nutter, Barnes & Co., Boston, Mass., have just placed on the 
market a new metal cutting off machine and an automatic 
grinder for sharpening the saws which are used. The ma- 
chine uses a 13-inch saw % inch thick, and is capable of cut- 
ting iron or steel of any shape up to 4 inches in diameter. 
The saw and the gear mechanism by which it is driven, are 
mounted on a slide which has a forward feed, variable from 
14 inch to 1 inch per minute, and a quick return motion. The 
saw grinder automatically sharpens the 13-inch saws in about 
six minutes. The teeth are spaced by an accurately cut index 
having the same number of teeth as the saw. 


“VYANKERB’’ ARBOR PRESS. 

The screw press shown in the cut is designed for forcing 
arbors, straightening work, or any of the purposes for which 
an arbor press is used. It is built by the Wilmarth & Morman 
Co., Grand Rapids, Mich. The screw has a coarse pitch, is 
double threaded, and has a handwheel with heavy rim, the 
inertia of which is utilized to force the arbor tightly into the 


unison so that the work is always central under the screw, 
and arbors can be readily forced in and out of thin bushings. 
To straighten shafts, etc., the jaws are opened some distance 
and the pressure applied centrally between. With one hand 
on the work and the other on the wheel, the ram may be 


Fig. 1. No. 181-2 Garvin Plain Milling Machine. 


brought down with an easily gaged force and the work quickly 
straightened without leaving a mark on it. Hardwood strips 
are inserted in the bottom, so that when bolted to a lathe bed 
no damage will be done to the ways, while lugs keep the press 
forward to prevent arbors from marring the front edge. 
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Screw Arbor Press. 


bore of the work. By the use of this combination as great a driv- 
ing effect is produced as with a sledge, but without the results 
so injurious to the ends and centers of the arbors. The in- 
ertia of the handwheel is made use of for giving the arbor two 
or three final impulses after it has been forced down as far as 
can easily be done by turning the handwheel in the usual 
manner, the leverage being 47 to 1. The thread is of so 
coarse a pitch that the screw will never lock on the work, but 
when turned down quickly on a tight fitting arbor, it will be 
repelled and turn in the opposite direction. The arrange- 
ment of the jaws on the anvil to accommodate different diam- 
eters of arbors is very convenient; they open and close in 


Fig. 2. Section through Feed Mechanism of Garvin Milling Machine. 


GARVIN MILLING MACHINE NO. 138}s. 

Fig. 1 shows one of a new line of plain milling machines 
made by the Garvin Machine Co., New York, and embody- 
ing several recent improvements. The machine is back geared, 
which enables it to carry heavier cuts and at a faster rate than 
the usual piain miller and also provides double the number 
of feed changes. The table is provided with three T-slots 
and has a quick return, consisting of an internal gear and 
pinion, that is placed at the end of the slide and is entirely 
enclosed on all sides. The knee is of the box construction 
and has extra long in-and-out adjustment, The feed mech- 
anism is shown in Fig. 2. The most direct system of gear 
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ing is employed with a minimum number of separate parts so 
arranged as to respond instantly to the trip under the most 
severe strain when going in either direction. The drop block, 
carrying the worm shaft, is in one piece pivoted on a line with 
the top of the worm. As will be seen in the diagram, this 
block forms a pocket in which the worm runs in oil both when 
working and when tripped. The reverse motion is combined 
in the box and operated by a small knob at the front where 
most convenient. 

The reversing mechanism is of the usual rocker, three-gear 
type. The rocker is locked in position by a plunger operated 
by the knob seen in front of the rocker casting and can be 


MACHINERY. 


163 


locking ring which instantly releases the balls, allowing the 
collet to drop out, when another can be inserted, and by 
dropping (or releasing), the locking ring, the balls roll into 
place, instantly locking the collet. 

It is claimed that owing to the peculiar construction of this 
chuck, collets can be conveniently and safely changed when 
machine is running at the highest speed, as there is nothing 
to catch or shock the operator. 

Fig. 1 shows the chuck, collet and drill, both before collet 
is inserted in chuck and with the collet in place. Fig. 2 


shows the chuck and various styles of collets that may he 
used. 


Industrial Press, N.Y. 


Friction Reversing Countershaft. 


thrown over instantly while the machine is running. The 
trip and latch parts are of the plunger type. The trip button 
on the side pushes down the vertical plug and this acts by 
means of an inclined notch to withdraw the horizontal plunger 
from under the pin, on the side of the drop block, and allows 
it to fall. A noticeable feature of this machine is the universal 
joint. This has adjustment for taking up all wear and a center 
hole in the block, filled with felt, serves as an oil reservoir 
for the pins. ~~ 


— 


A NEW DRILL COLLET. 

Figs. 1 and 2 illustrate a new tool recently patented by 
A. S. Davis and assigned to the Seneca Falls Mfg. Co., Seneca 
Falls, N. Y. This tool, which is designed for use in the spindle 
of upright drills can also be used in lathes and other hori- 


Industrial Press, N.Y, 


Fig. 1. Chuck, Drill and Collet. 


zontal spindle machines, for the easy and rapid change of 
drills, reamers, counterbores, taps, etc., without stopping the 
machine. 

The chuck consists of a socket piece with two steel balls, 
also a locking ring mounted loosely on the body of the chuck, 


Fig. 2. Chuck and Collets. 


which may be held in the hand while the chuck is revolving. 
The collets are provided with two segmental grooves for 
receiving the balls which perform the double duty of holding 
the collets in place and driving same. 
To change the collets, it is only necessary to raise the 


A FRICTION REVERSING COUNTERSHAFT. 

The cut illustrates a new countershaft reversing mechanism 
that has been brought out by Upton & Gilman, Lowell, Mass., 
for use with lathes and machines of a similar character. 

The noticeable feature of this countershaft is, that it is 
driven by a single belt but may be reversed by the same mo- 
tion of the shifter that is employed for reversing the ordinary 
countershaft with open and crossed belts. The use of such a 
countershaft reduces the amount of driving belt required and 
also the overhead room occupied. The method by which the 
reversal is accomplished will be clearly seen by reference to 
the cut. 

The pulley A runs loosely on the shaft but by throwing the 
shifter B to one side the friction clutch C engages the pulley 
causing it to drive the shaft in the same direction in which the 
pulley is revolving. On the opposite side of the pulley is the 
auxiliary hanger D, carrying two or more conical rolls JZ. 
When the shifter is moved in the reversing direction, these 
cones are forced between the beveled disk F:and the bevel on 
the under side of the rim of the pulley A. The introduction 
of the cones causes the pulley to drive the disk # and conse- 
quently the shaft, to which it is keyed, in a direction opposite 
to that in which the pulley is revolving. 

Owing to the difference in diameters of the bevel on the pul- 
ley and the disk the usual increase of speed is obtained that 
is desired for quick return. 


UNIVERSAL BOX TOOLS. 
The accompanying cuts show a universal box tool which 
has been brought out by the Bayldon Machine & Tool Co.. 
Jersey City, N. J. 


Fig. 1. Back View. 


Universal Box Tool, 


It was originally designed to go with the interchangeable 
tool posts manufactured by this company, but it is also uni- 
versal in that it may be used in any turret or bolted directly 
to the lathe carriage. The steady rest is in two pieces and 
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adjustment is provided by means of backing-up screws. The 
tool is held in a gibbed slide by two set screws and an up 
and down adjustment is obtained by withdrawing the slide 
from, or pushing it toward, the work. A micrometer screw 


Fig. 2. Universal Box Tool. Front View. 


adjusts the tool to cut to size, and a cam, operated by a lever, 
draws the tool back from the work when the cut is finished. 

These tools operate stock up to 2 inches in diameter, and use 
ordinary lathe tools 1 inch x % inch. 


EMMERT’S UNIVERSAL VISE. 
The Emmert Manufacturing Co., Waynesboro, Pa., have just 
placed on the market a new universal vise for use of tool- 
makers, jewelers and metal workers. This vise is universal 


Fig. 1. Universal Vise set at Angle. 
in that it can be piaced in every conceivable position. As will 


be seen in Fig. 1, there are three sets of jaws, any one of 
which can be swung into any position desired for holding 


Fig. 2. Universal Vise holding Tapered Work. 


work. One set of jaws is made rough for heavy work, an- 
other set is smooth for finished work, while the third set is 
provided with round projections, upon which may be fitted 
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jaws for taper work, round work, copper work, jaws for hold- 
ing any size of ring, or pipe jaws. All of these styles of jaws 
are furnished with the vise. Fig. 2 shows the vise with the 
jaws for holding taper work, in use. 


NEW HEAVY GRINDER. 

The Adams Co., Dubuque, Iowa, have brought out two 
new grinding machines, one of which is shown in the engrav- 
ing. These machines are designated as their No. 1, carrying 
two wheels 12 inches in diameter, and No. 4, the one illus- 
trated, which carries two wheels up to 24 inches in diameter. 
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Twenty-four inch Grinder built by Adams Co. 


These machines are built for heavy grinding and are provided 
with long self-oiling bearings which are rendered more serv- 
iceable by having the boxes held in position by elastic rubber 
cushions. The cushioning effect relieves the bearings from 
the destructive pounding which results from wheels that are 
running out of true. 


MAGNETIC HAND CHUCK. 


O. S. Walker & Co., Worcester, Mass., have just brought out 
the magnetic hand chuck illustrated in the accompanying cut. 
This chuck is designed for holding pieces of work that are 
being ground on a disk grinder. It is held by hand as shown 


Magnetic Chuck holding Work for Grinding. 


in the cut, and is aligned by the squaring bar of the regular 
swinging rest characteristic of the grinders referred to. The 
electric connections are made by attaching the chuck to any 
convenient lamp socket of a 110-volt, direct current circuit. 


' 
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MANUFACTURING AUTOMATIC CHUCKING 
MACHINE. 

The cut shown herewith represents the latest improved 
automatic chucking machine which has recently been placed 
upon the market by the Potter & Johnston Machine Co., Paw- 
tucket, R. I., who were the pioneers in the development of 
automatic machinery for the production of duplicate parts 
from castings. The machine is designed and built for the 
automatic production of all kinds of castings, either cast iron, 
steel or bronze, up to 10 inches diameter and 6 inches long. It 
possesses several new features heretofore unknown to this 
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Automatic Chucking Machine. 


particular class of machinery. The turret has five sides, with 
2% inch holes, and it withdraws, revolves and advances at 
forty times the feeding speed. The feed is driven and con- 
trolled by the spindle. The cross slide can be operated auto- 
matically at any time in conjunction with the turret. The 
turret slide is operated by a large cam drum driven by spur 
gearing, the power being applied near the periphery of the 
drum. This arrangement is very substantial and prevents any 
springing of the working parts. The tool blocks on the cross 
slide have a travel of 41% inches in each direction, and have 
screw adjustment. The standard set of cams furnished with 
the machine covers all ordinary pieces up to 6 inches in 
length and requires no adjustment. The automatic back 
facing attachment shown in cut is a very valuable addition 
to the machine. This attachment enables the hubs of gears, 
pulleys, etc., to be finished on both ends at one setting, and 
in this manner a large variety of pieces which would ordinarily 
require to be done in two holdings, can be finished complete 
at one. Another very interesting feature in connection with 
the machine is the automatic chuck. By the use of this 
chuck pieces which can be handled with one hand can be 
placed into the chuck and removed without stopping the 
spindle. Thus the machine is running all the time and re- 
quires very little attention from the operator, hence he can 
readily run from four to eight machines, according to the class 
of work being done, making the labor cost of production a very 
small item in comparison with the increazed output thereby 
obtained. For gripping extra heavy or eccentrically-shaped 
pieces, a heavy scroll chuck is furnished. A pair of universal 
turning and facing tools is provided as part of the standard 
outfit of the machine, and takes care of all ordinary pieces 
up to 10 inches diameter. The machine is made in three types, 
viz., machine with geared automatic change speed head, which 
is the one shown; machine with belt driven change speed 
head, and machine with plain head. With geared automatic 
change speed head, the spindle is driven by two trains of gears, 
each train having four changes of speed; with the belt driven 
automatic change speed head, the spindle has four changes of 
speed; with the plain head machine the speed of the spindle 
is constant, but has four grade cone. The machine is of 
liberal dimensions, has plenty of power, strength and rigidity; 
and all working parts are simple and easy of access. 

While, of course, automatic chucking machines show up 
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their true value to better advantage when run in groups of, 
say, half-a-dozen or more, yet if a concern had not a sufficient 
amount of work to keep several of these going, this ma- 
chine requires so little attention, that it can easily be run 
in connection with some other machine, say an engine lathe 
or a turret machine, and the additional product obtained 
upon the automatic chucking machine is secured without ex- 
tra labor cost. 

Although this new designed tool has been on the market 
but a comparatively short time, yet it has been favorably re- 
ceived by the trade, who fully realize the advantages to be 
gained by the use of such machines. They 
have already found their way into a number 
of shops, including the following lines: Tex- 
tile machinery, printing presses, cream sep- 
arators, woodworking machinery, pumping 
machinery, power transmission machinery, 
electrical machinery, sewing machines, 
punches, presses, pneumatic hammers, air 
brakes, etc. 


A DOWN-DRAFT FORGE FUR- 
NACE. 

The accompanying half-tone illustrates a 

forge furnace recently brought out by the 
Buffalo Forge Co., Buffalo, N. Y. It is es- 
pecially adapted for heating work in connec- 
tion with a steam hammer or similar heavy 
> ; forging. 
s A new idea has been introduced in build- 
ing this forge in sections. Two of these sec- 
tions are shown in the engraving. In this 
way the capacity may very easily be in- 
creased at any time by installing additional 
sections. The first or original section is 30 inches long, and 
each additional section adds 36 inches to the length of the 
forge, making 66 inches the usual length. Each section is 
furnished with balanced slide doors on all four sides. When 
these doors are opened, access may be had to any part of the 
forge without the least trouble. 
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Buffalo Down-draft Forge Furnace. 


The height from the floor to the top of the grate is 36 


inches—the door sills in turn being set slightly above the 
grate, which is of the improved rocker-grate type 24x66 
inches. The cut shows the lever attachment for rocking the 
grate and removing the ashes, and also the chain which is 
connected to the air box. 

The Buffalo down-draft principle of smoke removal is incor- 
porated in this forge. In the illustration, the stationary 
exhaust hood is shown at the top of the forge. It carries 


166 


away all smoke and exhaust gases, allowing none to escape 
into the shop. The smoke and gases are immediately and 
completely withdrawn by down-draft suction through under- 
ground tile pipe, there peing no escape from even the heav- 
jest fires. This does away with all overhead galvanized iron 
piping, which is subject to frequent renewal, and always ob- 
structs valuable light and space. 

A clean-out door is placed at the bottom of each section, 
allowing of easy access below the grates. The forge is 
completely lined with fire-brick, and in the roof there is an 
additional strip of asbestos. The weight of the forge alone, 
i.e., the two sections without the brick lining is 5,000 pounds. 


NEW MULTIPLE SPINDLE DRILL. 

The B. F. Barnes Co., Rockford, Ill., have just placed on 
the market a new multiple spindle drill which is furnished 
with two, three, or four spindles aS may be desired. It 
is particularly adapted for rapid work in manufacturing 
plants where there are duplicate pieces to be drilled. The 


Multiple Spindle Drill. 


characteristic feature of this drill is that it requires but one 
performance of the operator for each complete operation of 
a spindle; that is, when started the spindles go down to the 
work, drill through and return automatically. All of 
the spindles run independently, so that one man can easily 
operate a four-spindle drill. 

This machine will Grill to the center of a 19-inch circle. 
The table has a vertical travel of 14 inches and the spindles 
a vertical travel of 12 inches. It also has quarter-turn 
countershafts, and many other special features, as will be 
seen from the photograph. 


—— 


A NEW COMBINATION SET. 

The Brown & Sharpe Mfg. Co., Providence, Rel whaveshe= 
cently placed on the market the new combination set illus- 
trated in the accompanying cut. This set embodies all the 
essential features of their combination squares with the addi- 
tion of the protractor head. As all parts are interchangeable, 
the head can be used on the sar.e blade as is furnished for 
the combination squares. The revolving turret is engine di- 
vided accurately to 90 degrees either side of the zero line 
and every care is taken to insure this line being at right 
angles to the face of the head; this, of course, is very essen- 
tial to the accuracy of the tool. An important feature that 
has been added is the indication of a second zero line opposite 
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the one shown at the top of the head. This greatly enhances 
the utility of the tool, making it more convenient for use in 
setting work and laying out angles, as many times the zero 
on the upper part of the head will be nidden by the blade 
and the other zero can, in such cases, pe used to read from. 


Combination Square, Level and Protractor. 


The clamping groove of the blade, instead of being square 
and having sharp corners, as is usual in tools of this kind, 
is round. This, beside allowing the rules to be made stronger, 
also insures the blade being drawn up against the side of 
the head square with the face when clamping. ‘his form ot 
groove also prevents the accumulstion of dirt, as there are 


no sharp corners, a feature much appreciated in tools of this 


character. 

Each head is furnished with a level, which forms an im- 
portant adjunct to the protractor head, allowing same to be 
used as an inclinometer. The level is accurately set for 
parallelism and after the adjustment is made it is rigidly 
clamped into position. 

Another feature that has been added to these protractors is 
a reversible head. This allows either side of the tool to be — 
used in transferring angles and avoids, in many instances, 
the necessity of resetting. The face of the head projects 
about % inch each side of blade, making the face in all about 
an inch wide. The length of these heads is about 7 inches. 


IMPROVED HEAD FOR RADIAL DRILL. 

The Wm. E. Gang Co., Cincinnati, Ohio, builders of the 
five foot radial drill illustrated in the September number of 
MacuiInery, have perfected a new head and feeding mechan- 
ism which they are applying to this drill. 


¥ 


New Head of Radial Drill made by Wm. BE, Gang Co. 


The feeding mechanism is so designed as to eliminate the 
necessity of added weight for counter-balancing the spindle. 
It will be seen that the lower part of head is formed into a 
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casing which entirely surrounds the driving gears on and near 
the spindle. Gear covers, not shown in cut, are placed over 
all other gears. The arm is of the usual oval section, enclosed, 
with web across the front, and heavily ribbed and braced. 
Two trains of gears connect spindle with shafts at back of 
head so that a slight up or down movement of lever A gives a 
slow or fast speed. The spindle gear is placed in the lower 
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Electrically-driven Emery Grinder made by Ransom Mfg. Co. 


part of the head so that power is applied to largest diameter 
of spindle and close to the work. Ratios of gearing between 
spindle and shaft at back of arm are 18 and 3%. All handles 
are conveniently located and easily and quickly manipulated. 
The machine is provided with an ample number of spindle 
speeds and feeds. 

BB are handles which, when used as cranks, give means of 
quickly traversing the spindle in either direction. A light 
pressure up or down on one or both of these handles in- 
stantly connects or disconnects the feed by means of a power- 
ful friction. © is a knob, by turning which, any. one of the 
feeds is quickly obtained when the drill is working. The 
knob D operates a friction for disconnecting the feed gears 
so that when not in use, all these gears and shafts are at 
rest. The lower handwheel is for 
traversing the head along the arm 
by means of spiral gears, rack and 
pinion, while the upper wheel is 
for feeding the spindle by hand. 

Another improvement that has 
been made on the drill is to so con- 
struct the column that it is raised 
from its seat onto roller bearings 
when the arm is revolved. 

This machine has successfully 
tapped 6-inch iron pipe flanges 
with evidence of considerable 
power to spare. 


RANSOM EMERY GRINDER 

The Ransom Mfg. Co., Oshkosh, 
Wis., have brought out an electri- 
cally-driven emery grinder de- 
signed to carry two wheels up to 
18 inches in diameter. The motor 
is entirely enclosed and the arma- 
ture is wound upon a sleeve which 
is keyed directly to the spindle of 
the machine. The journals are of 
cast iron and are provided with ring-oiling devices which 
supply oil on top of the shaft when the grinder is running. 

The motive power is furnished by a 5 H. P. motor, which 
is capable of carrying an overload of 50 per cent. Careful 
tests show that to run this machine free with two 18 x 2- 
inch wheels, 1,200 revolutions, on a 220 volt current, requires 
*% H. P. To run it with one man grinding very hard requires 
3 H. P., while with two men pressing as hard as possible 6 
H. P. is required. As the motor is capable of 50 per cent 
overload it will be seen that the power of the motor is suffi- 
cient for any load that can be put upon it. 
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ELECTRICALLY-DRIVEN BOILER TUBE CUT- 
TING MACHINE. 

The Bignall & Keeler Mfg. Co., Edwardsville, Ill., have re- 
cently made a number of machines illustrated in Figs. 1 
and 2, which are used in tube mills for cutting boiler tubes. 
These machines are designed to cut tubes from 2 inches to 
5 inches in diameter, and from 8 feet to 20 feet in length. 
The bed is provided with two movable carriages, each car- 
riage being equipped with a heavy steady rest, cutting off 
tools, and reaming lever, the steady rests having interchange- 
able blocks which are babbitted for the several different sizes 
of tubes; they thus hold the tube firmly around the greater 


Fig. 1. Electric Drive of Boiler Tube Cutting Machine. 


part of its circumference, and provide almost perfect rests. 
The headstock is built with a lever chuck which is oper- 
ated while the machine is in motion; in other words, after the 
erips in the chuck have been set for a certain size of tube, 
the machine can be run continuously while working on that 
one size of tube, and as the machine is run for a day or 


Fig. 2. Double End Boiler Tube Cutting Machine. 


several days on the same size of work the lever chuck ac- 
complishes a great saving in time. A separate set of grips 
is used for each size of tube. The grips are made of tool 
steel, tempered, and are turned to the exact outside diameter 
of the tube. The inside of the grip is left perfectly smooth 
and they hold the tube by friction only, but as they grip the 
tube around almost its entire circumference there is no likeli- 
hood of its slipping. 

The machine is equipped with a 3 H. P. Westinghouse induc- 
tion motor. The motor, shown in Fig. 2, is held on a swing- 
ing table which ig hinged to the side of the bed. It is geared 
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into a countershaft supported on this same table. A short 
belt is run between the countershaft cone and the machine 
cone. The weight of the motor and the countershaft pro- 
vides the necessary tension. 

The machine is provided with an automatic oiling system, 
which keeps the cutting-off tools of both carriages continu- 
ously supplied with oil. 


NUT MACHINE AND ANNEALING BOX. 

The Ray Automatic Machine Co., of Cleveland, Ohio, have 
brought out an automatic nut machine, which is the invention 
of Mr. A. D. Ray. 

The machine provides for punching the nut, piercing the 
hole, chamfering the corners and tapping the thread. The 
stock is fed to the machine from a coil upon a reel. The ma- 
chine is fitted with two tapping spindles working alternately, 
that is, while a nut is being tapped under one spindle another 
nut is being punched and carried forward to the other spindle, 
so that no time is lost. Any style of nut can be made on 
this machine and by the addition of an extra spindle it will 
work irregular shapes. 

It is capable of producing finished nuts at the rate of 30,000 


per day. 

This company has also placed on the market a steel anneal- 
ing box, 18 x 10 x 10 inches, made of 18 gage sheet steel. 
This box is for use with “Vulcan” annealing putty which is 
produced by them. With it Mushet or self-hardening steels 
are easily brought into workable condition without in any 
way impairing the life of the material. Steel to be an- 
nealed is heated to a cherry red; then with the box about halt 
full of the putty, it is placed as near the center as possible 
and covered with more putty until the box is full. It is then 
tightly packed down, the cover put on and the steel allowed 
to remain until it is cold. By this process the most stubborn 
steels may be readily and thoroughly annealed. 

A number of readers desire to see drawings and descriptions 
of tool chests fitted for the tools that a tool- or die-maker 
should have.: Photographs would add to the value of such con- 
tributions as they would give a better idea of the appearance 
and finish. 
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Toe AMERICAN BuowEr Co., Detroit, Mich. Illustrated sectional 
catalogue No. 141, of “A B Cc” pressure and yolume blowers. These 
are shown in a large variety OLaStyless alee N ae countershafts 
are also described and illustrated. Bight pages are devoted to a num- 
ber of useful tables. 

Tue CINCINNATI SHAPER Co., Cincinnati, O. Catalogue A, Sept., 
1902, of “Cincinnati”? shapers. These include 16- to 24-inch crank 
shapers, single-geared and back-geared; 26- to 30-inch rack shapers, 
triple-geared; and a number of electrically-driven shapers. The 
“Cincinnati” traverse shaper is also described, several sizes and 
styles being illustrated by a number of fine half-tones. 

THe Prarr & Wuirney Co., Hartford, Conn. Pamphlet describing 
the new profiling machines recently brought out. These are made in 
two sizes, and are for finishing gun parts, sewing machine parts, 
etc. They are built with one or two spindles, the one-spindle pro- 
filer being made for manufacturers who do not need a machine for 
poth roughing and finishing cuts at a single setting of the work. 
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Tun Derrick & Harvey Macuine Co., Baltimore, Md. Illustrated 
catalogue of open-side planers. This is a newly issued catalogue and 
gives a description and excellent half-tones of the company’s 30-, 
36-, 42-, 48-, 60-, and 72-inch planers. A number of views of the 
work that is done on these planers are also given. The company 
also manufacture drilling machines, bolt threaders, nut tappers, saw 
setting and filing machines, etc. 

Tae CROCKER-WHEELER Co., Ampere, N. J. Pamphlet entitled aN 
Crocker-Wheeler Trolley Trip.” This describes a trip by trolley car 
over the Flint Division of the Detroit United Railway. The pleasant 
journey takes in Royal Oak, Rochester, Romeo, Oxford and Flint. 
‘The power station in Rochester, which furnishes the power used on 
this line, is described, together with the Crocker-Wheeler machines 
used therein, and séyeral interesting illustrations of picturesque spots 
along the line are given. 


Tum Crann Co., Chicago, Ill. 1902 pocket catalogue of steam 


goods. This is a very complete catalogue, cloth bound, and contain- 
ing 464 pages, 12 of which are devoted to a very complete index. 
Valves, cocks, brass and iron fittings, steam and gas fitters’ tools, 


engineers’ and engine builders’ supplies, wrought pipe,. etc., are listed 
in this catalogue. The standard goods are first described and illus- 
trated, then come the extra heavy goods; next the hydraulic and 
lastly, wrought iron and steel pipe—an arrangement which greatly 
facilitates the search for any particular kind of goods. Some useful 
tables are also given. It will be sent, upon request, to any one 
interested. - ¢ 

“AN INDUSTRIAL PRoBLEM” is the title ofa pamphlet upon cost 
keeping, gotten up by W. S. Rogers, Keene, N. H. It is designed 
primarily to call attention to the universal cost system devised by 
Mr. Rogers, but it contains reproductions of the yarious cost, material, 
record and other cards required, with an exposition of the system, and 
full directions for placing it in operation. The system is to be used 
in connection with a time clock; and for those who desire to adopt 
it in its entirety sets of cards, a time clock and accessories needed 
for a full shop equipment will be furnished by the inventor. In 
working out the system, the effort has been made to reduce the cost 
in the office, one cierk being required for a plant of considerable size. 
Further information will be had by addressing W. S. Rogers, Keene, 
N. H., and the pamphlet will be sent to those interested for 10 cents. 

THR CLEVELAND AuToMATIC MAcuinr Co. (formerly the Cleveland 
Machine Screw Co.), Cleveland O. Handsomely illustrated catalogue 
entitled ‘The Cleveland Automatic.” This is devoted to a descrip- 
tion and illustration of the line of automatic machinery manufactured 
by this company. Some forty half-tone cuts are used to show the 
varieties of machines built, which include automatic turret machines 
from %-inch to 6 inch chuck capacity; automatic plain machines of 
from %- 5- and 1%4*inch capacity; 2-inch and 18-inch automatic 
chucking machines, and the parts made on these; a two-hole turret 
machine for the rapid making of parts where only two tools in the 
turret are required; a tool and surface grinder; 4-inch and 6-inch 
worm milling machines, with samples of the work done on these 
machines, etc. Thirty pages are devoted to the description and illus- 
tration of the attachments to be used on the company’s machines 
and which they carry in stock. These include magazine attachment, 
independent cut-off attachment, cross-drilling attachment, ete. Alto- 
gether this catalogue will prove of the greatest interest to those 
requiring this class of machinery. 


MANUFACTURERS’ NOTES. 


Turn Derrorr GrapHitr Mra. Co., Detroit, Mich., report that their 
factory is working to its fullest capacity in taking care of current 
orders. 

THE UNIFORM Srepn Co., formerly of Newark, N. J., have recently 
completed a new factory at Rahway, N. J., for the manufacture of 
high-grade crucible steel for lathe and planer tools, ete. 

Turn J. FE. Towstny Mre. Co., Evans, Gest and Berlin Sts., Cin- 
cinnati, O., manufacturers of wood-working machinery, are building 
an addition to their shop that will nearly double its capacity. 

Tun NAzen MAcHINE Toot Works, Philadelphia, Pa., have moved 
into. new quarters at 1046 Ridge Ave., and are making a full line of 
portable drills, portable keyseating machines, centering machines and 
pasteboard box machines. 

Tun NATIONAL-ACME Mre. Co., Cleveland, O., manufacturers of screw 
machinery, have opened an Eastern office at 510 Arch St., Philadelphia, 
under the management of Mr. L. M. Waite; also a Western office at 
2 and 4 South Canal St., Chicago, with Mr. Geo. D. Grant as manager. 

Tur Hpenppy MACHINE CompPANy, Torrington, Conn., manufacturers 
of lathes, planers and milling machines, are adding a_ three-story 
brick building, 63 x 140, to their works. Connected with this is a 
tower five stories high for water tank, etc., to supply the sprinkler 
with which their plant is equipped. Bee 

PawLinc & HARNISCHFHGER, Milwaukee, Wis., who manufacture 
electric cranes and hoists, state that the demand for their products 
remains very satisfactory. They have recently received a large num- 
ber of orders from well-known firms for cranes and hoists of various 
sizes, ranging from 3 tons to 30 tons. 

Tum DIAMOND Dritt & MAcurtne Co., Furnace St., Birdsboro, Pa., 
builders of grinding machinery, have almost completely recovered 
from their recent fire and expect to have their new steel plant and 
iron foundry in operation within the next two months. They are also 
building a large blacksmith shop and doubling the capacity of their 
electric plant. 

H. B. RockuiLu, who for the past two years has been employed as. 
superintendent for the United Cigarette Machine Co., Ltd., Lynch- 
burg, Va., has purchased a two-story brick building, 50 by 100 feet, 
in Roanoke, Va., to be equipped as a general first-class machine shop. 
This will be known as the Rockhill Machine Works, with a capital 
of $10,000. The works will be in operation December 1st. 

Tun CrockER-WHEELER Co., Ampere, N. J., held at their works in 
that city on Sept. 25 and 26 their annual managers’ conyention. A 
banquet took place on Sept. 25, for the officers of the company. 
Many interesting speeches were made. The object of the convention 
is to bring all the men closer together for the purpose of comparing 
notes and planning methods for handling the largely increased busi- 
ness. 

THE PHILADELPHIA PNnuMATIC Toot Co., Philadelphia, Pa., build- 
ers of pneumatic tools, report that the amount of goods shipped by 
them in August surpassed all previous records. They have had large 
orders recently from the Cambria Steel Co., the Pennsylvania Steel 
Co., two large shipbuilding companies, and the Grand Trunk Ry. Co., 
and also a number of orders from foreign parts. They have just 
added quite extensively to the machinery in their machine shop. 

Tur Lucass Macuinn Toot Co. Cleveland, O., manufacturers of 
horizontal boring, drilling and milling machines and_ power presses, 
are now occupying their new shop on Robison Ave., Cleveland. This 
has been entirely equipped with up-to-date tools, and the increasing 
demand for their product has made it necessary for them to con- 
sider a further extension. 

Foorn, Burr & Co., Cleveland, O., manufacturers of drilling ma- 
chines, Cleveland, O.. are just getting settled in their new shop, 1301- 
1303 St. Clair St. The building is 55 x 120, two stories, with boiler 
house outside, and contains a number of new machines, including a 
Dreses radial and several Reed lathes. A Maris electric crane has 
also been installed. ‘ 
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THE RENOLD SILENT CHAIN IN CONNECTION WITH MACHINE AND 
STRUCTURAL TOOLS. 


J. O. NIXON. 


Recent articles in MacHINERY about motor-driven shops, 
current advertisements of motor-driven tools and the ever- 
present motor salesman, all remind the machine-shop manager 
that this is an age of electricity. If his shop is already 


equipped with motors, he can probably cite endless figures to 
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Fig. 1. Hilles & Jones Gate Shear. Driven by General Electric Motor and 


Renold Chain. 

show the correctness of his judgment in the particular sys- 
tem selected, and if he is only trying to decide on a system 
he is probably seemingly mixed up inextricably in figures 
on first cost, interest and depreciation, power factor, speed- 
regulation, etc. 

After the system to be adopted is decided on, there next 
arises the question of how far to carry the individual motor 
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Fig. 2. Hilles & Jones No. 2 Punch. Driven by General Electric 71-2 H. P. 
Motor and Renold Chain. 9'75r.p.m.,Chain Speed 1160 feet per minute. 


and when to start grouping small tools on line shaft. The 
character of the work to be done will have something to do 
with this decision. If the work is miscellaneous then the 
individual motor is desirable, because one of the greatest 
advantages to be derived from electrical drives is ease in 
speed control. If, however, the processes are essentially the 


same day after day, then countershafting and the group sys- 
tem may be desirable, having in mind always, however, the 
necessity for clear space for crane service. 

When a decision has been reached as to the most desirable 
distribution of the motors, the next problem is how to con- 
nect the motors to the tools and the line shafting. It is prob- 


able that when this point is reached many modifications of 


71-2 
Chain Speed 950 feet per min. 


Fig. 3. Bending Rolls. Driven by Series Motor and Reversing Controller. 

H.P. Motor, 750 r. p.m. Renold Chain Drive. 
the original scheme will be necessary. There need be no sur- 
prise if tools designed before the direct electrical drive was 
thought of should present seemingly insurmountable diffi- 
culties in motor attachment. It is as a simplifier of these 
problems that the Renold silent driving chain is important. 
Its use in connection with machine tools may readily be 


Fig. 4. Snyder Drill Press. Two-H.P. Motor,1000 r.p.m. Renold Chain Drive. 
Chain Speed 1100 feet per minute. 


divided into two classes. In the first it is used as an inte- 
eral part of the machine, for driving the spindles and feeds 
and for the general transmission of motion within the ma- 
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chine itself. In the second it is used for driving the ma- 
chine and with this last we are now concerned. 

As has been inferred above, the application of motors to 
machine tools is sufticiently difficult where the tools are 
being designed for electrical drive; where motors are to be 
applied to old tools, the problem is greatly complicated. 

The advantages of Renold chains for such work arises from 
their convenience and adaptability. For spur gearing the motor 


Fig.5. Newton Cold Saw with Renold Chain Drive. Five H.P. Motor, 9'75 

r.p.m. Chain Speed 1160 feet per minute. 
must be provided with an absolutely rigid support, rigidly at- 
tached to the tool. The center distance is dictated more or 
less by the gears and not by convenience. The noise made is 
generally objectionable. Rawhide pinions are often used 
and vary greatly as to durability. A worn raw-hide pinion, 
however, is noisy and also causes a chattering that tends 
to make the brushes jump, with a consequent burning out 
of the commutator. 


Fig. 6. Bullard 37-inch Boring Mill, Bullock Variable Speed Motor, Renold 
Chain Drive. 


The other alternative to the chain drive is, of course, the 
belt. If a belt be run on short centers an idler must be used. 
with a corresponding loss of efficiency and convenience. A 
belt also lacks the advantage of positive connection possessed 
by spur and chain gearing. Many unexplained failures to get 
expected output are due to slipping belts. The Renold chain, 


in contrast to belts, or other method of connection, is thus 
silent, efficient, positive and convenient. 

When it was decided to equip the shops of the Link-Belt 
Engineering Company electrically it was concurrently de- 


Fig. 7. Betts Car-wheel Mill, Motor-driven, Renold Chain Drive. 


cided to do it in the best possible way in the light of the 
information then obtainable. Some things were done, of 
course, that would be done differently if the job were to be 
done again; but in the main the change has been eminently 
satisfactory from every standpoint. Every tool was studied 
as a separate problem, and it is now possible to show, by 


Fig. 8. Acme Bolt Cutter, Motor Driven, Renold Chain Drive. 


comparative records, the very substantial gains made by the 
change. 

At about the same time when the application of motors to 
the various tools was being studied out, this company began 
the manufacture of the Renold silent chain gear in this 
country. While a great deal of it is used in the shops, still 
nowhere is a foot used where it is not the best thing for 
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Fig. 9. Hilles & Jones Angle-iron Shear 10 H.P. Motor, 750 r.p.m. Renold 
Chain Speed 1190 feet per minute. 


Fig.12. Old Roll Lathe Driven by Westinghouse Motor, Renold Chain. 


ae 
(MOUSTRIAL PREGINY. 


Fig. 14. Sturtevant Heating Fan, Motor Driven, using Renold Chain. 


; P Fig.16. Bickford Radial Drill, with Motor on Extension Base. Constant Speed 
Fig. 11. Line Shaft Driven by 15 H.P. Motor and Renold Silent Chain. Motor, Renold Chain Drive. 


1? 


the place. There are belt drives and spur-geared drives, 
and while their number is small compared to the num- 
ber of chain drives, it represents very fairly about the pro- 
portion that such drives should bear to chain drives in the 
ordinary shop. 

Concisely stated, the advantages of the Renold chain are, 
that it may be run on shorter center distances than a belt and 
on longer centers than spur gearing. The center distances are 
dictated only by convenience and may be fixed, or the motor 
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Renold Chain Drive from Crocker-Wheeler Motor to American Turret 
Lathe. 


Fig. 13. 


may be mounted on rails. The chain is silent; it is efficient; 
it is compact; the drive is absolutely positive and the calcu- 
lated output is a certainty. 

The majority of the accompanying cuts are from photo- 
graphs taken in the Link-Belt: Engineering Co.’s works at 
Nicetown, Philadelphia. They are intended to show as large 
a variety of tools and motor applications as possible. In 
nearly every case the tools were originally belt-driven. In at 
least five cases the method shown for attaching the motor 
has been adopted by the builder of the tool as his standard. 
In the main, the photographs speak for themselves, but a few 
comments on some of them will not be out of place: 

Figs. 1 to 10 inclusive show drives in these works. Most 
of those shown are on structural tools, which arises from the 
fact that many of the motors in the machine shop are below 
the floor and are therefore difficult to photograph satisfac- 
torily. 


Fig. 15. Brown & Sharpe Universal Milling Machine, Renold Chain Drive 
Incasedad. 


Fig. 1 shows a General Electric motor mounted on a bracket 
on a gate shear. The motor is out of the way and the drive 
is compact and simple. 

Fig. 2 shows one of three punches similarly arranged. The 
General Electric motor is mounted on a cast bracket secured 
to the machine, making an absolutely self-contained outfit. 
The work of the chain on this intermittent service has been 
most excellent. 
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Fig. 3 shows a set of bending rolls. These were formerly 
driven by two belts and double clutches. The present ar- 
rangement, while thoroughly serviceable and much more 
easily handled than the old rig, is, at the same time, sightly, 
compact and efficient. This tool illustrates, perhaps, as well 
as any other, the possibilities of the Renold chain in con- 
verting old toois to the motor drive. 

Fig. 4 shows a drill press, a type of several, all of which 
show increased output, because the chain does not slip. 

Figs. 5 and 6 show tools as now supplied by the builders. 
The arrangement on the Newton cold saw (Fig. 5) was de- 
signed by the Link-Beit Co. and is now used by the Newton 
Machine Tool Works on motor-driven saws supplied by them. 
The method of ‘attaching the motor to the Bullard 37-inch 
mill, shown in Fig. 6, was developed by the Bullard Machine 
Tool Co. It brings out in no less a degree than Fig. 5 the 
fact that a minimum change in the tool itself is necessary 
to attach the motor, where the Renold chain is used. It will 
be noted that the tool is standard in every way except for 
the addition of the motor base, which is held by the top bolts 
shown. This feature of building motor-driven and belt-driven 
tools from the same patterns is one much appreciated by the 
tool builders. 


Fig. 17. Floor Boring Machine, Electrically Driven, Renold Chain. 


Fig. 7 shows a Betts car-wheel mill with Bullock variable 
speed motor. 

Fig. 8 shows an Acme threading machine with variable 
speed reversing motor. The superiority of this arrangement 
over the usual one, with two belts and two shifters, is obvious. 

Fig. 9 shows an angle-iron shear driven by a Westinghouse 
motor. This was supplied with a spur-gear connection by 
the makers, there being one idle gear. Silent chain was 
substituted as an experiment and a saving of 15 per cent. in 
current was found. This was not altogether unexpected, be- 
cause the efficiency of the silent chain gear is about 96 per 
cent. 

Fig. 10 shows a Ferracute punch; motor on wood base. 

The rest of the photographs were taken elsewhere, but show 
typical machine-shop practice. . 

Fig. 11 is a line-shaft drive. 

Fig. 12 shows a motor-driven roll lathe. 

Fig 13 shows a Crocker-Wheeler variable-speed motor con- 
nected to an “American” turret lathe. 

Fig. 14 shows a heating fan drive. 

Fig. 15 a standard Brown & Sharpe universal milling ma- 
chine with encased Renold chain drive applied by the makers. 

Fig. 16 shows a Bickford radial drill with a General Elec- 
tric motor mounted on an extension to the base of the tool. 

Fig. 17 shows an old floor boring machine converted to elec- 
tric drive. 
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SHOP CONSTRUCTION.—3. 


- THE CHIMNEY OR STACK-~—ITS DESIGN AND 
CONSTRUCTION. 


Oscark E. PERRIGO. 


Thus far our methods of construction, and the necessary 
materials for them have been such as are encountered daily 
by the architect and the builder. We now come to the erection 
of the chimney or stack, which has many peculiarities and 
restrictions ‘on its design and construction, resulting from 
its narrow foundation, great height, and the necessity of its 
resisting not only the high wind pressures and great changes 
in temperature at different seasons but also the great differ- 
ence of temperature on the inside and on the outside. It seems 
tu us necessary, therefore, to treat this subject of chimney 
construction in a separate article, wherein we will consider the 
respective merits of and the objections to chimneys of the 
more common forms and materials. 

Regarding the chimney built of brick, the principal objec- 
tions would appear to be its first cost, which is considerable, 
and the fact that owing to its narrow base and great height 
very firm and solid foundations must be prepared. This, of 
course, becomes moré difficult and expensive where the ground 
is soft and excavations must be made at great depth, or where 
piles have to be driven to build the foundation upon. At the 
present time many sheet-iron or steel chimneys are erected, 
and it is the prevailing idea that they are the more economi- 
cal. About the only advantage they seem to possess, how- 
ever, is that owing to their comparatively light weight they 
may be erected on superstructures upon which a brick chimney 
could not. Then too, their first cost is much less than for a 
brick chimney of equal capacity. Some of their disadvantages 
are, that they are very liable to rust at the seams and 
rivets, owing to the impossibility of keeping these points 
properly protected from water. Therefore they are compal- 
atively short-lived. Again, in the effort to protect the metal 
they must be frequently painted, or coated with some of the 
numerous “cure-all” paints, ‘warranted to protect them per- 
fectly inside and out;” and the use of any protective covering 
is a continual expense for maintenance to which the brick 
chimney is not subject. 

The conclusion, therefore, must be that, if the life of the 
chimney is of less consideration than its first cost, we would 
adopt that constructed of sheet-iron or steel; but if we re- 
gard permanency and the ultimate outlay, both for construc- 
tion and maintenance and all the advantages derived, brick is 
eviaently the material to ve chosen. 

The height of the chimney will depend somewhat upon sur- 
rounding hills, high buildings and similar obstructions to the 
free course of the wind, but should never be less than the 
diameter of the internal flue multiplied by twenty. The dia- 
meter of the internal flue will depend on the aggregate areas 
of the smoke flues or “up-takes” leading from the boilers, and 
these necessarily depend upon the grate surface, allowing 
about 4.5 square feet per horse power. There are many meth- 
ods of calculating the diameter of chimney flues, some of 
which are very complex and depend upon many assumed con- 
ditions at each step, which ofttimes have hardly more practi- 
cal value than guesses. Others assume to calculate the volume 
of gases, the speed of their flow, the area of grate openings, 
etc., all of which might be changed with each sample of coal, 
or according to the condition of the weather. Practical en- 
gineers will probably favor the following simple method, 
even with its arbitrary assumptions, and will be quite suc- 
cessful in the practical application of it as it is the result 
of much actual experience. The horse power being given— 
say, in this case 470—and allowing 4.5 square feet of grate sur- 
face per horse power, we have 104.4. At 5 pounds of coal per 
horse power, which is quite liberal, we will burn 2,350 pounds 
of coal per hour. Our chimney is 100 feet high. We divide 
the pounds of coal burned per hour by the square root of the 
height multiplied by 12 (10*12=—120) and we have 19.58 as 
the area of the chimney fiue, in square feet. Divide this by 
.7854 and extract the square root and we have the diameter, 
slightly less than 5 feet. Having the diameter of flue and 
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height given we may by inverse methods obtain the horse 
power, grate surface, etc. In making these calculations we 
should be sure to get capacity enough; for if the chimney is 
a little too large no harm is done, while if a little too small 
a serious expense is incurred for a supplementary one. 

All chimneys over 75 feet high should be built with a central 
“core,” or flue, preferably of circular form, surrounded by 
an outside casing sufficiently strong to properly support the 
inner core and to resist the pressure of the strongest winds. 
The thickness of the walls of both the outer portion and the 
inner core should be sufficient to be very rigid near the ground 
and gradually thinner as the walls rise, the “breaks” being, 
of course, on the inside of the outer portion and the outside 
of the inner core. These breaks are usually four inches, or 
the width of a brick at each step. The “batter,” or inclina- 
tion of the outside face of the main structure should be a 
quarter of an inch per foot. In our case we are supposed to 
require a chimney 100 feet high, with a circular flue five feet 
in diameter. 

In the sketches, Fig. 1 illustrates a vertical section through 
the center of the chimney and its foundation. It shows the 
thickness of walls, special form of central flue, retaining 
caps at the top, and special arrangements for increasing the 
draft. Fig. 2 is an elevation of the exterior, showing its gen- 
eral form and appearance when completed. Fig. 3 shows a 
horizontal section through the octagonal portion on the line 
AA, Fig 1. Fig. 4 shows a horizontal section through the 
square base, on the line BB, Fig. 1. Fig. 5 illustrates, on an 
enlarged scale, the number of bricks necessary for a course, 
if the square form were to be continued to the top. Fig. 6 
shows the economy of adopting the octagonal form, as saving 
material and labor, and offering considerably less surface to 
wind pressure from certain directions. 

In the Figs. 5 and 6 the upper half shows the laying of a 
“header” course and the lower half the laying of a “straight” 
course. In these two sketches it will be seen that in a header 
course, the octagonal form contains 52 bricks less than the 
square form; and in a straight course 32 bricks are saved. 
Assuming five courses per foot in height, and that in each 
foot we have one header course, we save by the octagonal 
form 180 bricks. This, of course, is less as we approach the 
top, but the average saving will be considerably over 100 
bricks per foot, or over 8,000 for the whole work. Actual ex- 
perience shows that the extra labor cost of making the many 
corners is more than balanced by the smaller number of bricks 
laid in the octagonal form than in the square form. The ap- 
pearance is much enhanced and the wind pressure is consider- 
ably diminished by getting rid of the projecting corners. 

The base of the chimney is of square form, this being more 
convenient for the introduction of the smoke flues or “up- 
takes” from the boilers, the placing of the ash doors and the 
general appearance. The ash door is shown in Fig. 2. The 
opening should be arched, preferably of semi-circular design, 
as affording the most strength to sustain the great weight of 
brick-work over it. It should be closed with a sheet-iron 
door. The openings for smoke flues should also be strongly 
arched, similar to the ash doorways. From the square por- 
tion at the base, the main shaft of the chimney is of octagonal 
form, as indicated in Fig. 4. 

For foundations the earth should be excavated to perfectly 
hard ground, making a pit 28 feet square; that is, twice the 
depth of the foundation, assuming that in consequence of the 
condition of the ground it is necessary to excavate to a depth 
of 14 feet. In this pit should be a bed, 4 feet thick of large 
stones laid in strong cement mortar. Upon this should be 
courses about 18 inches thick and gradually drawn in at the 
top to 16 feet square. By strong cement mortar we mean that 
containing two parts cement, one part of lime, and about 
three parts of clean, sharp sand. The amount of sand will 
vary considerably with its fineness, sharpness and:its freedom 
from dirt; the finer the sand the greater the quantity that 
must be used. 

In erecting the central core and the outward supporting 
structure great care should be used to. make all joints of uni- 
form thickness, and to see that as the courses are laid on, 
they are frequently leveled. ‘Batter plumbs” should be used 
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Industrial Press, N.Y, 
Figs. 1 and 2. Sectional and Exterior Elevation of Chimney. Figs. 3 and 4. Horizontal Sections through A A and BB. 


December, 1902. 


for the outside; that is, the board on which the plumb line 
is attached should have the batter or inclination by being made 
narrower at the bottom. For instance, a plumb board four 
feet long should be six inches wide at the top and four inches 
at the bottom (the batter being equal on both edges). 

Another matter that must be scrupulously attended to is 
that of properly supporting the inner core. It will not do to 
lay bricks from wall to wall so as to tie them together, as 
the expansion and contraction of the inner core would soon 
ruin the structure. The support is given by building up into 
the outer wall inwardly projecting bricks reaching half way 
across the space, and against these, others projecting out- 
wardly from the inner core. These should be placed on all 
eight sides, in the same course, and at intervals of not over 
eight feet through the entire height. 

The form and thickness of walls and the heights of the 
“breaks” are shown in Fig. 2. The central flue is formed 
after the model of the well-known student lamp and forms 
a very effective combustion chamber for escaping smoke. 
It is the form adopted by a prominent engineer who built a 
large number of chimneys of this design which have been in 
successful use for many years. 

The smoke flues enter the chimney below the constricted 
portion of the inner flue. The top caps are of cast-iron and 
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STEEL AND ITS TREATMENT.—4. 


HARDENING BATHS. 


BE. R. MARKHAM. 


When steel is heated to the proper hardening heat it is 
plunged into some cooling bath to harden; the rapidity with 
which the heat is absorbed by the bath determines the hardness 
of the steel. Knowing this, it is possible by the use of baths 
of various kinds to give steel different degrees of hardness 
and toughness. A bath that will absorb the heat contained in 
a piece of steel the quickest, will make it the hardest, every- 
thing being equal. 

A bath of mercury will cause a piece of steel plunged into 
it to be harder than if the steel were plunged in any of the 
liquids commonly used for this purpose. But as a bath of 
mercury would be extremely expensive it is but little used. 

Clear cold water is the bath more commonly used than any 
other, and for most cutting and similar tools gives good 
satisfaction; although many old hardeners claim better suc- 
cess with water that has been boiled, or that has been used 
for some time, provided it is not dirty or greasy. 

A very excellent bath that is used almost universally is 
made by dissolving all the salt possible in a tank of water. 
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Figs. 5 and 6. Laying the Header and Straight Courses of Brick in the Square and Octagonal Sections. 


may be made in sections and bolted together, as well for 
convenience in erecting as for economy of pattern making. 
That on the inner core terminates 7 feet 2 inches below the 
top of the main cap. At four sides of the outer structure are 
openings, as shown in Fig. 1, the bottom of each opening be- 
ing on a level with the top of the inner cap. By this means 
the current of air which always rises along any high wall 
is taken advantage of, as it passes up the side of the chimney, 
into these openings, and out the top of the chimney, and 
creates a partial vacuum over the top of the central flue, thus 
considerably increasing the draft. Means should be provided 
for reaching the top of the chimney, as the iron caps will need 
painting, or lightning rods may have to be placed or repaired. 
Iron ladders up the side may be fastened to the wall, or a 
permanent block may be attached to the main cap and pro- 
vided with a wire rope, for this purpose. 

As a matter of safety from lightning it is well to provide 
lightning conductors. A round copper rod of not less than 
5g-inch diameter, or one of equal area of cross section, may be 
run up outside of the chimney, through heavy glass insulators, 
and terminate four feet above the main cap in four points, 
5-16-inch diameter or equivalent area. The lower end of the 
rod should go into moist earth and be attached to a cast-iron 
plate 30 inches square and %4-inch thick. 


Salt water, or brine as it is commonly termed, is used in most 
shops on certain classes of work and in some shops it is used 
altogether when a bath of water is desired. 

Various kinds of oil are used to accomplish various re- 
sults. When small or thin cutting tools requiring a hard 
cutting edge are to be hardened, a bath of raw linseed or 
neatsfoot oil is used. When toughness is the desired qual- 
ity, as in hardening a spring, a hath of tallow, sperm oil or 
lard oil is used. 

But the nature of steel of different makes varies so 
much that no one bath answers best for all purposes, or for 
the same purpose when applied to steels of different makes. 

Sometimes it becomes necessary to use a bath containing two 
or more ingredients in order to accomplish the desired result. 

I have in mind a manufacturing concern who made a great 
many heavy springs. Until they changed the make of steel 
they had been using for years they had excellent results from 
hardening in lard oil; but after changing they could do noth- 
ing with this bath. After considerable experimenting, they 
were advised to use the following mixture: 
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They had very good results with their bath untila drummer 
came along with good cigars, and a steel 2 cents a pound 
cheaper, and then trouble was the result. 

By the way, I have visited and known of several shops 
where a few good cigars, or an occasional wine supper, which 
some glib-tongued salesman was willing to put up for the 
man who did the buying, caused more trouble in the harden- 
ing department than a little. 

But, to return to the hardening of the springs, when the 
new steel came, the springs would not harden satisfactorily 
in the mixture mentioned. They were finally advised to try 
a bath of boiling water and this worked very nicely. 
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Fig. 1. 


Very small cutting tools such as taps, reamers, counter- 
bores, etc., harden very nicely in a bath made by dissolving 
1 pound of citric acid crystals in 1 gallon of water. 

The following bath is recommended where it is desirable 
to have the tool hard and tough: 

Salt 14 teacupful; saltpeter % oz.; pulverized alum 1 tea- 
spoonful; soft water 1 gallon. 

The following bath gives excellent results, but care must 
be exercised in its use as it is deadly poison. 

To 6 quarts of soft water add 1 oz. corrosive sublimate 
and 2 handfuls common table salt. When dissolved it is 
ready for use. 

Sulphuric acid is added to water in various proportions 
from one part acid to ten parts water, to equal parts of acid 
and water—some even using clear acid. But although excel- 
lent results, so tar as the hardened surface is concerned, 
may be obtained by employing this acid, steel makers do not 
advocate its use, claiming that the after effects are injurious 
to the steel. And the writer’s experience substantiates the 
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Fig. 3. Hardening Bath with Circulating Pump. 


claims of the steel makers. I do not advocate the use of any 
of the acids which act on steel, provided any other form of 
bath will give satisfactory results. 

There are many other compounds used with success in 
various shops, but their number is legion, and if I were to 
give all the different baths I have used, and seen used, it 
would be necessary to devote several articles to this subject. 

As a rule a tool steel fit to use for cutting tools will harden 
in a satisfactory manner in clear water. If the outline is 
irregular, or it is desirable that it should be extra hard, a bath 
of brine answers admirably. 

Articles of an irregular shape, made of steel liable to crack 
when hardened, should be dipped in warm water or brine, the 
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temperature of the bath depending on the liability of the piece 
to crack. 

Such tools as milling cutters, made from high carbon steels, 
are oftentimes hardened to advantage in a bath of water 
having one or two inches of oil on the surface.The article is 
brought to the proper temperature in the fire and immersed 
in the bath, passing down through the oil into the water. 
Enough oil adheres to the red hot steel, especially in the cor- 
ners of the teeth or projections, to prevent the water acting 
as suddenly as it otherwise would, thus doing away in a great 
measure with the tendency to crack. 

It is a good plan when hardening large pieces of almost 
any shape, if they are first dipped in water or brine, to allow 
them to remain in this liquid until the surface is hard, then 
remove and instantly plunge in a tank of oil, allowing them 
them to remain in the oil until cold. This works especially 
well in case of such tools as cutters, punching press dies, etc., 
where it is not necessary that the hardened surface be very 
deep; the depth to which the piece is hardened depending 
on the length of time it is left in the water. For most pur- 
poses old hardeners allow the article to remain in the water 
until it ceases to “sing;”’ this is the peculiar noise occasioned 
by putting a piece of red hot steel in water. When the piece 
stops singing it is removed from the water, plunged into oil 
and left until cold. 
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Fig. 4. Hardening Bath with Mechanical Agitator. 


When pieces are to be hardened, and it is necessary to 
harden the inside walls of a hole or some depression, as the 
face of an embossing or forming die, or any similar piece, it 
is necessary, if good results are desired, to have a bath which 
has a stream or jet of water coming up from the bottom as 
shown in Fig. 1. If clear water is used in the bath, the in- 
let pipe may be connected with some constant supply, but if 
brine or some solution is used it becomes necessary to have 
a supply tank and use a pump, as shown in Fig. 3. The con- 
tents of the bath are pumped into the supply tank and run 
down the supply pipe by the force of gravity. 

At times it is desirable to have a bath in which there is no 
gush or jet of fluid, but where the contents of the bath are 
kept in motion in order to force the steam away from the 
surface to be hardened. There are a number of ways ot 
accomplishing this. Fig. 2 shows a bath having a pipe coming 
up from the bottom. The jet strikes a plate which spreads the 
fluid, after which it comes to the surface through the perfo- 
rated plate. 

Fig. 4 shows a bath in which the contents are kept in mo- 
tion by some mechanical means contained in the tank. Such 
a bath may be made by following the instructions given in 
reference to Fig. 4. A tank of any convenient size may be 
made having a partition as shown at c; the portion of the 
tank marked a is intended to be used for the immersion of 
the articles being hardened, while b contains a pump, Archi- 
median screw, or some similar device for forcing the water 
into the side a. If a pump is used the water is forced through 
the pipe shown; if an Archimedian screw, the partition ec, 
does not extend way to the bottom and the water is forced 
under it. In either case it returns to b over the top of parti- 
tion c, as shown, thus insuring a rapid circulation of fluid. 
This form of bath is especially to be desired where brine or 
some favorite hardening solution is used. It is also possible 
to heat the contents of the bath when it is considered advis- 
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able, as is the case where articles are to be hardened that 
are liable to crack from contact with extremely cold liquids. 
Much more uniform results may be obtained, especially when 
small, thin pieces are hardened, if a uniform temperature 
can be maintained in the bath. As the surface of the bath is 
coated with ice in winter, the fluid is luke-warm in summer, 
and the temperature is anywhere between warm and extreme 
cold, depending on the condition of the atmosphere; it will 
readily be seen that uneven results must be the consequence. 
In order to be able to keep the contents of the bath at some- 
where near a uniform temperature a small coil of steam pipe 
may be placed in the tank, and a thermometer may be used 
so as to readily show the condition of the bath. 

While it may seem unnecessary to be so particular about the 
temperature of the bath—and it is unnecessary on most work, 
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Fig. 5. Fig. 6. 


as an experienced hardener can determine the temperature 
near enough by the sense of feeling—yet there are jobs where 
it is essential that a certain uniform temperature be main- 
tained in order to get uniform results. I do not mean by this 
that it is practical to attempt to keep the temperature within 
a few degrees of a given point but it can be kept somewhere 
near in order to get the best results possible. 

At times it is necessary to harden the walls of a hole that 
does not go way through the piece, such as a die used for com- 
pression work, or some forms of dies for striking up cylindri- 
cal pieces. Fig. 5 shows a sectional view of a die having a 
hole running part way through it, as described. Now, ifea 
piece of work of this description were hardened in a bath 
whose contents were not agitated it is doubtful if the walls 
of the hole would be hardened in the least, as the steam gen- 
erated would blow the liquid out of the hole and none could 
enter until the steel was cooled to a point where it could 
not harden. Better success would follow if it were dipped in 
a bath having a jet of water coming up from the bottom of 
the tank; but in this case it would be necessary to invert the 
piece in order to get the liquid to enter the hole, and if it 
were deep it is probable that enough steam would rise in the 
hole to keep the contents of the bath from affecting the walls 
near the bottom. Now, in order to get satisfactory results 
when hardening work of this character, it will be found 
best to have a bath so constructed that the liquid can be 
run into the hole by means of a faucet or pipe, as shown in 
Fig. 6. If the hole is deep and there is danger of the steam 
preventing the liquid effectually working at the bottom, a 
pipe may be run nearly to the bottom, as shown in sectional 
view, Fig. 7. The pipe must not be nearly as large as the 
hole or the results will not be satisfactory. 

Sometimes it is necessary to harden several pieces of a 
nature whose outline betokens trouble if they are dipped in 
a cold bath, and yet it seems necessary to use a cold bath in 
order to get the desired result. Take for instance, a shank 
mill of the shape shown in Fig. 8. If this mill is heated to 
the proper degree of heat and plunged in a dish containing 
just enough water or other liquid to harden the teeth before 
the water gets hot, the teeth will harden ina satisfactory man- 
ner and the water will heat so as to do away with any danger 
of cracking from internal strains. The size of the dish will 
determine the depth of the hardening. When one piece is 
hardened the dish may be emptied and filled with cold water 
for the next. I have seen this method used with excellent re- 
sults, not only on milling cutters, but on broaches, dies, etc., 
that showed a tendency to crack when dipped in a large bath 
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of cold fluid. Of course, it must be borne in mind that the 
dish selected for the bath must be large enough to hold a 
sufficient quantity of liquid to harden the piece the necessary 
amount, before it becomes too hot; but it is essential that it 
should not be too large for the contents to heat, because then 
there is no difference in its action from that of a large bath. 


Baths for Case-hardening. 

The design of the bath used for cooling work being case- 
hardened must be such as will adapt it to the work being 
hardened. 

Where work is case-hardened in large quantities it is cus- 
tomary in most shops to heat the work in iron boxes; when the 
work is in the proper condition the box is inverted over a 
tank of water or other fluid,and the contents dumped into the 
bath. If the pieces of work are large or bulky and the tank is 
shallow they reach the bottom of the bath while red hot and 
as a consequence the side of the piece that lies on the bot- 
tom will be soft. In order to overcome this trouble the tank 
must be made deep enough so the pieces. will be chilled before 
reaching the bottom. If it is not considered advisable to have 
an extremely deep tank, and the pieces are large, various 
ways are taken to insure the pieces hardening. One method 
which the writer has used with excellent results is to have 
a series of rows of wire rods reaching across the tank, no two 
consecutive rows being in the same vertical plane. The work 
as it descends into the bath strikes these wires, thus turning 
over and over and bringing all portions in contact with 
the contents of the bath. These wires also separate the pieces 
from each other and from any packing material which may 
have adhered to them. 

The wires also retard the progress of the articles, thus giv- 
ing them more time to cool before reaching the bottom of the 
bath. In order to insure good results it is necessary to have 
a jet of water coming up from the bottom of the tank and an 
outlet provided near the top for an overflow. The overflow 
pipe should of course be larger than the inlet pipe, and 
should be located far enough below the top edge of the tank 
so that the contents of the tank will not overflow when a box 
of work is dumped into it. 

In order to be able to get the hardened pieces out of the bath 
readily it is necessary to provide a catch pan as shown in Fig. 
9. The bottom of this pan should be made of strong wire netting 
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or a piece of perforated sheet metal, preferably the former. 
The holes in the pan allow the packing material to fall 
through to the bottom of the tank and will also allow the 
water from the supply pipe to circulate around the work 
and to the top of the bath. This catch pan should be pro- 
vided with strong wire handles, as shown, in order to raise 
the pan. 

I was at one time requested to call at a shop where they 
were having very unsatisfactory results with their case-hard- 
ening. An examination showed they were dumping their prod- 
uct into a barrel of water to harden. The box containing 
the work was inverted over this barrel and the work and 
packing material went into the water in a lump. Some of 
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the pieces that happened to get out of this mass were cooled 
sufficiently to harden somewhat but the majority of the pieces 
were soft, or else they were hard on one side and sott on the 
other. An examination of the bottom of the barrel showed it 
to be considerably charred; in places the outline of the pieces 
was plainly visible, where the pieces had reached the bottom 
while red hot and had burned their way into the wood. lt 
is needless to say that the side of the piece of work which 
was down did not harden. As the concern did not think it 
advisable, considering the limited amount which they had to 
case-harden, to get a tank of the description shown in Fig. 9, 
we made a catch pan as described, blocked it up about 6 inches 
from the bottom of the barrel by means of four bricks. We 
then bored a hole through the bottom of the barrel, screwed 
in a piece of pipe and by this means we were able to connect 
an ordinary garden hose so as to get a jet of water coming 
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AIR PIPE 


Fig. 9. Case-hardening Bath having a Catch Pan to facilitate removal of 
the Work. 
up from the bottom. As the barrel was out of doors we sim- 
ply bored a 2-inch hole about 4 inches from the top of the 
barrel for an overflow and let the water run onto the ground. 

When the work was ready to dump we sifted it out of the 
box into the water gradually, instead of dumping it in 4 
body. As soon as the box was emptied we grasped the wire 
connected with the catch pan and raised and lowered the pan 
in a violent manner in order to separate any pieces that might 
have lodged together. The result was very satisfactory and | 
think they are using a barrel to this day. 

Where large quantities of work are hardened, baths are 
made with some means of keeping the work in motion after it 
reaches the bottom of the bath. Sometimes this is done by 
mechanically raising and lowering the catch pan and at the 
same time turning it around. Then again it is done by means 
of several sweeps which are attached to the lower end of a 
vertical shaft, the shaft resting in a bearing in the center of 
the catch pan. These sweeps or arms revolve and keep the 
pieces in motion, turning them constantly, but unless arranged 
properly they have a tendency to gather the work in batches 
thereby undoing what they are intended to do. Then again 
they have a tendency to scratch the surface of the work, which 
is a serious objection if color work is wanted. 

When it is desired to get nice colors on case-hardened 
work, an air pipe may be connected with the bath as shown 
in Fig. 9, the water and air entering the bath together. 

While it is not advisable to let air come in contact with 
pieces to be hardened for colors, while passing from the box 
to the water, yet the presence of air in the bath will have 
the effect of coloring the work nicely. 

The air should enter in such a manner as to insure its 
reaching all parts of the bath. The pipe should be consider- 
ably smaller than the inlet water pipe and should extend a 
short distance up into it in order to prevent the air and 
water working against each other. A connection should be 
made as shown in detail. The writer does not suppose it 
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will ever be necessary for many readers of MAacHINERy to con- 
struct all the different bath tanks mentioned or find it neces- 
sary to construct these precisely like those shown. But some 
form or a modification of it will be found to fill almost any 
requirement in the ordinary shop. 
esa Ee 
ANGULAR MILLING AND PLANING JOBS. 

At the shop of the Falkenau-Sinclair Machine Co., Philadel- 
phia (formerly A. Falkenau), an angular milling job was 
done recently that was somewhat difficult and out of the 
ordinary class of milling operations. More properly, in re- 
gard to the difficulty of the job, it was found practically im- 
possible in one jobbing machine shop where it was tried, 
presumably because of inadequate fixtures; but it was com- 
paratively easy when done with good tools and fixtures and 
in accordance with sound machine shop practice. 

The job was milling five narrow angular grooves in one 
edge of a number of steel pieces 28 inches long, 21%4 inches 
wide and 15-16 inch thick. The grooves were 38-16 inch wide 
and 5-16 inch deep and were carried to a sharp angle at the 
bottom. The steel pieces were for work of a special character 
the nature of which makes no difference in this connection 
except that it required the grooves to be quite exact and 
smooth, with no ragged edges at the tops. As indicated in the 
accompanying cut the sides of the grooves were sharply in- 
clined, the included angle being 35 degrees. One side of 
the grooves made an angle of 20 degrees with the medial line 
and the other, 15 degrees. 

In the shop referred to, that failed on the job, an attempt 
was made to mill the grooves successively with a single cut- 
ter while the piece was held in a milling machine chuck hav- 
ing narrow jaws. As a consequence the piece, of course, over- 
hung the jaws a considerable amount on each side, which 
condition produced a peculiar result, but one that would have 
been predicted by anyone familiar with the characteristics 
of the stock used—cold-rolled steel. Cold-rolled steel has a 
surface under considerably more compression than the in- 
terior. In fact the interior is in a state of tension which 
causes the state of compression in the surface. If one side 
of a cold-rolled bar is planed off, the ends will curve toward 
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groove was cut along one side and the second one next to it 
and so on until the last one, when it was found that the piece 
had assumed a rainbow shape and that the last groove cut 
was the only one that was straight, the others all having 
a curvature increasing up to the first one milled, which had 
the most. The explanation is simple, of course. The first 
cut reduced the amount of stock on that side and as the chuck 
jaws offered but little restraint the stock curved toward that 
side slightly, the curvature increasing with each cut. The 
remedy for this action was simply to use a heavy milling 
machine chuck having extra long jaws which embraced nearly 
the full length of the pieces and held them perfectly straight 
until all the grooves were milled. Then there was little or 
no tendency of the pieces to curve in either direction; and if 
they did slightly, the grooves would remain parallel, which 
was the principal consideration. 
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After it had been demonstrated that the grooves could he 
successfully milled, it was decided to mill a number at once, 
using gang cutters. Strange to say an eminent tool-making 
firm which furnished the cutters, recommended that the cut- 
ters be ranged side and side so that, say, the five grooves in 
one piece would be milled at one pass. This was found to 
be impracticable on account of the chips wedging between the 
cutters and causing rough, ragged edges at the junctures of 
the grooves; and the plan of mounting as_ illustrated, 
was adopted, the cutters B, B, B, B, B, being spaced apart the 
width of the pieces A, A, A, A, A, so that the successive cuts 
of each cutter were taken in each piece in the same relative 
position. This plan worked quite successfully. 

In connection with the same contract a planer job of unus- 
ual character was done. It was grooving the top of a steel 
casting 16 feet long, 44 inches wide and perhaps 10 inches 
thick, with V-grooves of the same shape as those milled by 
the milling machine. The grooves were smaller, however, 
being about 20 to the inch. These grooves were planed with 
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NEW POLISHING ROOM OF THE BROWN & 
SHARPE MANUFACTURING CO. 

Visitors at the plant of the Brown & Sharpe Mfg. Co., Provi- 
dence, R. I., before the “new building’ (building No. 4) 
was erected, have often been shown the grinding and polish- 
ing room in the basement of the main or No. 1 building. 
This, we think, was always considered a model of neatness 
and much superior in its appointments to the general grina- 
ing rooms. Since the erection of the new building, however, 
a new room has been equipped on the upper floor which is 
much superior to the old room and much more comfortable 
and convenient for the workmen. It is the lightest and 
cleanest polishing room we have ever seen, which fact will 
be appreciated by examining the accompanying illustration, 
leitee Al. 

The piping and general arrangement of the machines and 
shafting are indicated in Fig. 2. The polishing machines 
are of the same design as those illustrated in the Brown & 
Sharpe catalogues some years ago, but which they do not now 
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Fig. 1. New Polishing Rooms of the Brown & Sharpe Mfg. Co. 


a gang tool, the cutters being spaced apart on the same prin- 
ciple as the milling cutters, that is, so that the chips of 
adjacent tools would not interfere. After the grooves were 
planed they were rolled, to produce a smooth surface, with a 
gang of steel rollers held by a holder in the tool-post. After 
rolling, the whole surface was polished with oil and emery, 
the workmen using pine sticks endways of the grain, for 
rubbers. A remarkable feature of this job was the freedom 
from blowholes, sand pits and flaws in the steel casting, the 
surface being perfect in this respect. It showed that steel 
founding has reached a high state of art in America when 
large steel castings of this shape can be made with a surface 
as free from flaws as rolled plates. 
ee Se 

An Illinois Central Railroad freight car, fitted with ball- 
bearing axles, has been subjected to a test trip of 2,600 miles, 
carrying a load of 80,000 pounds. The results are reported 
to be eminently satisfactory, the balls and bearings showing 
no appreciable wear, and the car being ready for service with- 
out any repairs after the long trip. 


manufacture except for their own use, the machines now be- 
ing handled by the Builders Iron Foundry, Providence. 

The larger polishing machines shown in the foreground of 
the half-tone were especially designed with a view to econo- 
mizing aS much space as practicable. Ordinarily two ma- 
chines are required, one running with an open belt and one 
with a cross belt, to enable the top of the wheel in one case, 
and the bottom in the other, to be used for polishing. In 
the machine mentioned, however, the horns for carrying the 
wheel spindle are located a sufficient distance apart to enable 
the spindle to be reversed. Each machine is provided with 
two sets of tight and loose pulleys, one set on each side, that 
carry open and cross belts, thus enabling the operator to 
use the same machine for polishing different classes of work 
that may require the use of the top or bottom of the wheel. 
The belt not in use is hung upon a hook provided for that 
purpose. 

By this arrangement one machine answers for all kinds 
of work within its capacity, and does away with the necessity 
of the operator moving from one machine to another, thus 
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keeping his work always in one place, and economizing, be- 
cause practically only half as many machines are required 
as ordinarily. 

Another important feature is that the loose pulleys are 
not mounted upon the driving shaft but upon especially ar- 
ranged bearings that are either upon an extension of the 
shaft bearing concentric with the shaft or (where the bear- 
ing does not come into proper position) upon especially 
arranged supports. It is obvious that this arrangement re- 
duces the wear of the pulley bearings to a great extent, as 
they remain stationary and do not revolve upon the shaft. 
The machine columns are hollow and have hoods partially en- 
casing the wheels, while the bases of the columns connect 
with exhaust piping leading to the large fan shown at the 
center in Fig. 2. The draft from the rapidly revolving wheels 
forces the dust around under the hoods where it drops to 
the bottom of the column and is then taken care of by the 
exhaust piping and fan exhauster. The dust is delivered by 
the fan to a separator on the roof, which finally discharges 
to a can or dust collector enclosed within a closet on the 
floor of the polishing room. 

The separator and collector are of the well-known cyclone 
type. There are now 36 buffing wheels of the type described, 
in the room, the smaller ones being shown in the illustration, 
besides several belting machines which also have dust guards. 
Ample provision is made for wheel storage around the sides 
of the room and the equipment includes washing machine, 
sink, glue stove, an emery chest divided into compartments, 
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PISTONS AND PACKING RINGS.—2. 


SOME DEVICES FOR FLOATING THE PISTON ON STEAM 
PRESSURE—EFFECTS OF WEAR. 


J. H. DUNBAR. 


Since writing the first article under this heading (July, 
1902 issue), I have secured copies of several patents, show- 
ing plans for floating the pistons of horizontal engines on 
steam, instead of letting them ride on the bottom of the cyl- 
inder. There is no question but that a practical scheme to 
support the pistons is needed, nor that it will not be wel- 
comed alike by engine builders and engine users. Just now 
the tail-rod is growing in popularity, but it is objectionable, 
owing to its taking up room and adding to the weight of the 
reciprocating parts, etc. These and other faults make it so far 
from being satisfactory, that there is plenty of room for 
something else, if the device is practical. 

Before discussing these patented inventions, to be referred 
to later, it is well to remember that pistons are not steam- 
tight, in the sense of a safety valve. If there are such, the 
writer has not seen them. There are plenty of pistons, which 
if the cylinder head is taken off, and steam admitted behind 
the piston, will not immediately begin to leak, but after the 
pressure has been on, say five minutes, a little lake of water 
will be formed on the bottom of the cylinder, and as soon 
as the piston and cylinder get hot, steam will begin to sizzle 
around the piston at some part of its circumference. The 
actual leakage, when the engine is running, will be much more 
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Fig. 2. Elevation of the Piping and General Arrangement of Machines and Shafting, Brown & Sharpe Polishing Room. 


etc. The exhaust pipes are made in sections of different 
diameters, starting at 4 inches at the extreme end of each 
row of smaller polishers and at 5 inches at the ends of the 
row of larger machines; increasing to 10 and 12 inches, re- 
spectively at the center. It will be noted that a binder pulley 
is used for the belt driving the fan—a system quite generally 
followed throughout the works. The speeds of the different 
lines of shafting are indicated in Fig. 2. 
23 ee 

Thomas C. Lace proposes that a color scale be adopted by 
the National Blacksmiths’ Association for forging, hardening, 
tempering, and annealing carbon tool steel which for tem- 
pering shall consist of ten pieces of tool steel of convenient 
size, tempered from light straw down to the greenish blue of 
the color when the temper has run out. Nine of these pieces 
should be divided into three divisions, the first three for 
shades of straw color to brown, the next purple to blue, and 
the third, blue. He says that the lithographic color scales 
in existence are generally a bad imitation of tempering col- 
ors. The scale referred to would be a fac simile of what 
would be required for the guidance of the smith in every 
particular. The printed scales lack the metallic luster of 
tempered steel and there is no pigment known that will imi- 
tate it exactly. The forging, hardening and annealing heats 
could be imitated to a certain extent by paint or colored 
glass, but either is subject to the same fault of the printed 
tempering scale, that is, the translucent color of hot steel, 
is lacking. 


than when standing with the pressure on, for the friction of a 
film of water between metal surfaces is greater than that of a 
gas, between like surfaces. When the engine is standing with 
the pressure on, most of the leakage changes to water, owing 
to the thin space, and comparatively cold surfaces between 
which it must pass, while if the engine was running, it would 
to a greater extent, be steam. As illustrating the difference 
in leakage, between water and a gas, take a gas engine, turn 
it on the compression stroke to the center, or rather to the 
end of its stroke, and if the compression does not all leak 
out in less than thirty seconds, the piston is tighter than any 
that the writer has met with. Gas engines, as a rule, are very 
easy to turn, when the lead is off, and if the fly-wheel is 
“tramped” around leisurely, but very little resistance will be 
encountered, on account of compression. I think that for 
tightness, gas engine pistons will compare favorably with 
those made for any general purpose. If any engineer thinks 
his valves and piston absolutely tight, let him take a gasfitters’ 
test pump and try to jam the cylinder full of wind, through 
the indicator pipe. Or let him clean the indicator piston and 
cylinder, then connect the indicator to a hand bicycle pump, 
and see how much pressure he can churn up against a hundred 
and twenty pound spring on the piston, using air as a pres- 
sure-producing medium. Then turn the indicator upside down 
fill the cylinder full of oil or water, then pump in air, and 
note the difference. Of course, in this, as in everything else, 
different experimenters will get widely differing results. There 
is one thing, however that they will all agree on, viz: That 
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the volume of leakage, under like conditions, is much greater 
with a gas than when a liquid is employed to produce motion 
in a machine, by pressure, or when acted upon by a machine 
to produce pressure. It is not much trouble to accurately 
determine the air leakage of a piston but it is different when it 
comes to steam. The writer knows of no satisfactory method 
of measuring the steam leakage of a piston when it is in 
service. Pistons that apparently leak only a little steam, do 
so enormously when used against air. 

The first patent that the reader’s attention is called to, in 
which the inventor’s object was to make the piston swim in 
the cylinder, is shown, substantially as in the patent, in Fis. 
1, of the piston. The packing rings are set obliquely in the 
head, are loose in the groove and so shaped as to act as 
check valves, i. e., when ring A is forced to the side of its 
groove marked B, steam can flow under and around it to the 
space between the rings, but not past ring C. On the return 
stroke, the rings change to the opposite sides of their grooves, 
and steam enters the space past packing ring check valve 0. 
It will be noticed that there is more area on the bottom of the 
piston, between the rings, than on top, hence its tendency 
to lift when steam is admitted to it. The trouble and expense 
to make pistons and rings by this method, and the serious ques- 
tion as to whether the rings would act according to the 
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Fig. 1. Packing Rings set Obliquely to “Float” the Piston. 


inventor’s dictation, will stand between the invention and 
its popular use. Better results would no doubt be hada 
the piston was run bottom side up, and as much steam as 
possible be kept from between the packing rings. The pat- 
entee is Mr. William J. Thomas, Sausalito, California. 

Mr. Henry M. Hunt, Indianapolis, Ind., has patented an in- 
vention for counterbalancing the weight of the piston and 
rod of horizontal engines, by making the bull-ring with a cav- 
ity in the bottom and surrounding it with packing strips, 
and then keeping a constant pressure there, just sufficient to 
lift the piston. To do this he has a pressure-regulating de- 
vice, inside of the piston, consisting of three helical springs, 
three valves and a diaphragm, with joints and ports to corres- 
pond. To make Mr. Hunt’s invention more easily under- 
stood, and also to provide some means by which the steam 
may get on top of the bull-ring, and go down through it to 
the top of the diaphragm I have made several changes in his 
design. 

Fig. 2 shows this invention. The cavity in the bull-ring is 
t, and s is the diaphragm, connected by toggle joint to the 
ball valves. This view shows the port holes a through the 
followers closed. When the pressure in t gets too low, the 
diaphragm drops and opens one of the ports, and steam flows 
in from the steam side of the piston, the hole in the opposite 
follower being closed. I show holes drilled through the bull- 
ring, near the top, marked c, in order to allow any steam that 
may get between the rings, to press the diaphragm down, and 
maintain a pressure in the cavity sufficient to carry the weight 
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of the piston, and also the steam load on top of it. I do not 
see why, for horizontal stationary engines, an arrangement 
of this kind could not be made to just float a piston. On 
locomotives such pistons would do a lot of vertical hammer- 
ing if they had any play at all in that direction. In general, 
they will likely be regarded as costly, unreliable and not 
adapted to piston heads made in one piece, the latter being 
the most important consideration. 


Fig. 2. Another Device for “Floating” a Steam Engine Piston. 


In Fig. 3 we have what the inventor, Mr. James Thierry, 
Laramie, Wyoming, calls a “self-poising” piston. I have taken 
some liberty with this design too, by putting the counter- 
balancing cavities on the bottom of the piston, instead of on 
top where they are shown in the patent. I think that this in- 
ventor has made some mistake in his design, for with the 
cavities on top of the piston, there don’t seem to be anything 
for the steam to do but to help hold the piston down. There 
are several patents, similar to this one as IT have shown it, 
and all of them would be improved by some kind of a com- 
pensating device that would take care of the steam load and 
varying steam pressure on the piston. 

As a parting shot at this part of the subject, I suggest mak- 
ing a piston as shown in Figs. 4, 5, 6 and 7. Wig. 4 shows 
an end view of it in section at the face of the rings. Fig. 5 
is a vertical section through the center of the piston. Fig. 6 
is an enlarged plan view of the joint, or cut in the outside 
ring a, and shows how the inside ring, b, stops any leak that 
would otherwise take place there, by the steam going in at 
one end of the lap, down under the ring and out at the other 
end. The flanges of the piston do not touch the cylinder at 
any part of their circumference, and are turned semi-eccen- 
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Fig. 8. Thierry’s ‘Self-poising”’ Steam Engine Piston. 


tric, so that as the ring a@ wears down they will still clear 
the cylinder; for it is intended to make the piston a steel 
casting of one piece, it being understood that steel and cast- 
iron do not wear well together, hence the flanges are relieved 
on the bottom. The outside ring, a, is cast iron, and made 
eccentric, and its thick side put at the bottom so the flanges 
can be cut away, and still leave about the same depth of bear- 
ing on the edge of the ring at all parts of its circumference. 
Ring b is made eccentric to give it a uniform groove contact. 


1&2 


Its thick side is up, and both rings are dowelled in their re- 
spective positions by pin c in the piston. 

To equalize, or rather to get an average pressure between 
the ring and cylinder on all parts of their circumference, the 
bottom half of ring @ is reduced in breadth an equal amount 
on each side as shown at “xz, and in depth an amount equal 
to the eccentricity of the ring. The amount of side reduc- 
tion depends on the weight of the piston, and the average 
steam pressure upon it. If the head weighs 500 pounds, is 20 
inches in diameter and the pressure 100 younds, then the 
width of the ring should be reduced on each side; would be 
500+100x 20=%-inch, making a 20-inch ring 2 inches wide. 
on top, and the bottom half 11% inch wide. Now the steam 
pressure on the outside of the ring where it has been cut 
away at xx, tends to collapse it, and not to lift the piston 
bodily. The tendency to collapse the ring under such cir- 
cumstances would be about as great as though the ring 
traveled over the counterbore 4%, inch. Were it not that some 
steam gets under the rings to hold them out to the cylinder, 
it would not do to let them travel past the counterbore, as 
is generally done. Suppose with our 20-inch piston, the pres- 
sure at the beginning of the stroke is 200 inches, then its 
tendency to collapse the ring vertically is 4x20 200=—1,000 
pounds, but if there is four times the area on the inside of 
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It is shown in Fig. 5 so wide that possibly not enough steam 
will get under it from space e to keep both rings from col- 
lapsing. In Fig. 6 it is only wide enough to cover the cut in a, 
which of course limits its breadth in that direction. 

It seems, too, that the weight of a 20-inch piston, say 500 
pounds, having a bull-ring surface of 244 inches wide and 15 
inches chord length, in contact with the bottom of the cylin- 
der, ought not to cause any appreciable wear, due to its weight 
only; for when spread out, it is less than 14 pounds to the 
square inch, certainly not enough to pay to put on a tail-rod. | 
If however, in addition it has to carry a steam load on one 
flange, and whatever may get on top of the bull-ring, it is 
different. If the flanges and bull-ring are cut away so that 
they are balanced, so far as steam pressure is concerned, then 
a tail-rod may be of some use, provided it is stiff enough 
to carry the piston without too much deflection. If the 
flanges and bull-ring are not relieved, the bottom of the cyl- 
inder is worn to a circle, whose radius is determined by the 
amount the piston and tail-rod will deflect. Without a tail- 
rod, it does not make much difference to the piston if the 
crosshead does lift a little at each end of the stroke, as a 
locomotive does in running ahead, but if a tail-rod is used 
the piston gets an unnecessary amount of shaking up and 
down. 


Fig. 4. 


the ring, and one-fourth the pressure, the collapsing tendency 
is just balanced, but the total pressure between the ring and 
cylinder is 500 pounds more on the top half than on the 
bottom, and consequently, the top half of the ring and cylin- 
der will be worn the most. Suppose further, that the engine 
takes steam full stroke, and that the 200 pounds are main- 
tained and also that the wear is proportional to the load, 
making the top half of the ring wear twice as much as the 
bottom, say %-inch and %-inch respectively. The piston, 
as a whole, has gone down just as much as the bottom of the 
ring and cylinder, has worn, but never had a tendency to lift, 
nor can it unless the ring collapses. 

I feel safe in saying that unless a ring is so tight in its 
groove that it is liable to stick, more steam will get under 
it than is necessary to prevent collapsing. Of course, rings 
can be run so far over the counterbore that the external pres- 
sure might exceed the internal pressure, but there is no neces- 
sity for it. A 1-16-inch over-travel is enough, and in general 
there does not seem to be any use for more. The dotted lines 
ss, in Fig. 5, represent the counterbore, and show the pro- 
portionate distance the rings should travel over it. 

Ring 0 in addition to covering the joint in a, confines to 
a great extent, the steam to one end of ring a, holding it in 
space e, thereby lessening ring and cylinder wear, and con- 
sequent friction. Its width (ring 0) will depend on circum- 
stances, but as a rule one-half the breadth of a will be best. 
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Fig. 5, 


Near the close of the first article on this subject, I implied 
that one ring to the piston was enough, and so far as ring and 
cylinder wear is concerned, the piston I have shown in Figs. 
5 to 7 may be called a single-ring piston. There are some 
advantages that a piston of this type has over those with 
a ring at each end of the piston as shown in Fig. 8. To make 
it clear, the “deformity” has been somewhat overdrawn, for 
stationary practice, but locomotive men will recognize it as 
“true to life.’ In the sketch, the flanges are reduced in 
diameter so the weight of the piston is borne by the bull- 
ring, the packing rings having a liberal amount of vertical play 
in their grooves. It is evident that if one ring wears the 
cylinder any at all, one more will wear it a like amount, and 
the bull-ring will probably wear the bottom of the cylinder 
as much as both packing rings. So it is easy to see that that 
part of the cylinder which is traversed by all the rings, must 
suffer more wear than at the ends of the stroke, where only 
one of the end, or outside rings touches it, making the 
shoulders as shown at each end of the cylinder. If wear is 
proportional to pressure, and only one ring at a time has 
pressure under it, a single ring would wear the cylinder as 
much as both those in Fig. 8. But that is questionable, and 
in the high-pressure cylinders of multiple-expansion engines, 
there is pressure on each side of the pistons, but the most un- 
necessary wear in two-ring pistons would be due to a trifling 
leak of one ring that would let enough steam through and get 
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under the other. There is often but a few cubic inches of 
space between the rings in pistons, and when that gets full 
of water, an insignificant amount of leakage from the live 
steam side of the head may keep the pressure between the 
rings, equal to that on the piston. It was shown in the first 
part of this article that steam may leak considerably, where 
water will not, hence if this theory holds good, an objection- 
ably high pressure will be constantly between and under the 
rings. It seems clear to me that the better the rings fit 
in a two-ring piston, the more pressure will be maintained 
under them, and the more wear and consequent friction will 
be produced. If both rings leak plentifully, the pressure 
under each of them will be less. Water has no trouble in 
getting out if the hole is big enough. 

It will occur to the reader that the wider a packing ring is, 
after some economical width is exceeded, the greater frictional 
resistance it will produce. Were it not for the steam pressure 
that gets under it, making the load to carry proportional to 
its area, the width of rings would be in the same class as 
journals, crossheads and other bearings. As it is, %4-inch is 
believed to be as good a breadth as any, for diameters of 20 
inches and over. Under that diameter, 14-inch, %-inch, \4- 
inch, ete., will be found to be satisfactory. Rings should 
always be made wide enough so the piston will strike the 
cylinder heads, before the rings can get into the counterbore. 
For a single-ring piston, where the weight of the head is 
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Fig. 8. Showing the “Step” Effect of Packing Ring Wear. 


carried on the ring, it ought of course be made wider than 
the regular two-inch width. For the piston shown in Fig. 5, 
ring @ should be 1 inch wide at the bottom, 1% inch wide 
at the top, and ring b 14-inch wide, and edges parallel. Steam 
will of course get under the outside ring at the cut, if at no 
other place, and probably under the inside one too, but there 
will be no pressure higher than that of the exhaust in space 
e on that side, for any pressure that gets in from the live 
steam side can get out easily by the same route when the ex- 
haust takes place. Taking the weight of the piston into 
consideration, this combination of ring widths, would wear 
a cylinder about as much as one %-inch ring in a piston of 
like diameter supported on a tail-rod. It will be noted that 
the flanges of the head in Fig. 5 are considerably smaller 
than the cylinder, and that the pressure on the edge of the 
ring will keep it against the exhaust. The rings ought, of 
course, to be as close a fit in their grooves as practical, and also 
have smooth, accurate surfaces. Then the only time they 
will have an excuse for leaking will be when they are shiit- 
jng in the grooves, which they will do when the pressure 
is about equal on both sides of the piston. If there is any dif- 
ference in the amount of play, the outside one should have 
the most, to make sure that the edges of the inside ring 
make joints in its grooves. As regards leakage, the edges 
of ring a are not important, but its circumferential surfaces 
are. 

The question of lubrication is always closely allied to 
any moving part of a machine, and while there are other 
parts of an engine that may be of more importance, there are 
none that are oiled in such a bungling manner. It is station- 
ary practice to turn a drop of cylinder oil loose in five or 
six barrels of steam, somewhere between the boiler and the 
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engine, and then it is a case of “go as you please” until it is 
filtered out of the exhaust, when it is cooked over again. 
When the supply is liberal, as it usually is, enough of the oil 
finds the parts to be lubricated, and excessive wear is seldom 
found. When it comes to lubricating locomotive cylinders 
it is different. There they allow a drop of oil to every few 
miles the engine runs, or a few drops to the round trip, I have 
forgotten which. The oil and steam are mixed the same way 
as in stationary engines, but the homeopathic doses of oil 
administered to the steam used in the locomotive, are too 
often rushed through to the smokestack, without having time 
to get sidetracked on the cylinder. Now if there is any law 
of friction that is not befrilled and festooned with strings, 
it is the one that wear and frictional resistance are greater be- 
tween dry, than between lubricated surfaces. I believe that 
this law is as true as it is that two trains cannot pass on 
a single track, and yet some railway managers offer their 
engineers a premium on the oil that they save. This puts me 
in mind of a picture the Jones & Lamson people have in 
their catalogue, of an old party with a microscope, looking 
for a leak in the head of a barrel, while the bung-hole at the 


bottom is wide open. 
kee 
THE VALUABLE MAN OF THE FUTURE. 

In a handbook recently issued by the New England Asso- 
ciation of Teachers of Metal Work, containing addresses given 
before that association, in a paper on Hand Work in Modern 
Shop Practice, by our contributor, Mr. Edward R. Markham. 
He comments on the modern tendency to manufacture as 
cheaply as possible by means of machinery, and to abolish 
hand work, and closes with a bit of personal reminiscence. 
He says: 

Young men learning the trade are not, as a rule, taught to 
become skilled filers, or scrapers, and less is taught them 
about the use of the cold chisel and hammer. Any work 
of this nature is left to the “old fogies’ who are considered 
oftentimes as being good for nothing else. 

In time these older men will have finished their shop work, 
and as machines are built that require in some of their 
details very accurate hand work, who is to do it? Not the 
average young journeyman, or the apprentice learning his 
trade in most of our machine shops. There are exceptions to 
the conditions I have cited; there are employers who realize 
the conditions that must face them in a few years, and are ed- 
ucating their young men in lines that will allow them to 
fill that gap that must come. But these employers are the 
exception rather than the rule. I predict that in less than 
twenty years the machinist or tool maker capable of doing 
good hand work will be at a premium. He will not have to 
depend on any organization to keep up the standard of wages 
for him. He will be able to demand any reasonable com- 
pensation. The law of supply and demand will attend to his 
case. 

I learned my trade under my father. He is one who be- 
lieves in teaching a boy as much of a trade as possible. Many 
days, weeks and months have I stood at the vise with file 
or hammer and chisel in my hands, and worked and growled 
because I was made to do things that boys in other shops 
knew nothing about. But many, many times have I been 
thankful that my father knew more than I thought he did. 

There have been times when I doubted the advantage of 
having been able to command the confidence of the boss 
to the extent that he would trust me to go down into the 
wheel pit, and, with chisel and hammer as weapons, and a 
tallow candle for my light, chip a keyway in a jack shaft; 
or, tell me if he would like to have me stay a little while in 
the evening and cut another in the main line. It isn’t all 
fun, sitting straddle a line of shafting and chipping a slot 
one-half inch wide and six or eight inches long, especially 
when you haven’t room to swing the hammer, and must give 
the force of the blow by main strength rather than by the 
haft of the hammer head. But it had to be done and the 
man that can do the unusual things about the shop is the 


valuable man. 
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Rock blasting extraordinary has recently been done in 
Wales. One blast in the Trever quarries, Carnarvon, brought 
down 60,000 tons of rock, and 12,500 pounds of powder were 
exploded. The other blast was still larger, it being estimated 
that 100,000 tons of rock were dislodged. This blast was 
made to secure material for the building of a breakwater at 
Goodwick, Pembrokeshire. Only 10,500 pounds of powder 
were fired, yet the amount of rock is greater than in the 
other case, probably being the largest ever brought down by 
one blast. 
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Election day has come and gone and the usefulness of the 
voting machine has again been demonstrated in no uncertain 
manner. ‘The first voting machine tried in New Jersey was 
used in Paterson the last election and with very gratifying 
results. The result was known ten minutes after the polls 
closed. In other districts the poll clerks worked hours, in 
some cases until five o’clock the next morning before the last 
ballot was counted. The voting machine is the one “machine” 
in politics that all good citizens may unhesitatingly indorse. 
It saves time in voting and counting, and insures the secrecy 
of the ballot. The cost of paper and printing for tickets used 
and unused in every election, is alone an item of considerable 
importance. The voting machine has come to stay. 


GRAPHITE VS. FRICTION. 


We have occasionally had inquiries about the use of graph- 
ite as a lubricant and points have been brought out through 
correspondence that may be of interest to the general reader. 
The action of graphite is somewhat different from that of 
fluid lubricants and there are differences of opinions as to 
the part it is capable of playing in alleviating friction, some 
contending that graphite is not properly called a lubricant, 
and even that it has abrasive properties, unfitting it for use 
between bearing surfaces. This latter opinion was recently 
expressed to us by a person who had been engaged in testing 
lubricants, but who, possibly, may have been somewhat prej- 
udiced in the matter. 

According to the strict definition of the term, graphite is 
rightly called a lubricant. The term is derived from the 
Latin lwbrico, meaning to make slippery, a result certainly ac- 
complished by graphite. While we have not had oppor- 
tunity to verify the statement that graphite has abrasive 
qualities, it is very evident that the results from this action 
are so slight as to be negligible in practical work. We are 
inclined to the opinion that, if abrasion has actually been 
observed, it is due to the presence of foreign substances 
rather than to the graphite itself. 

The crystalline, or more commonly called flake graphite, 
is the kind most suitable for bearings. It is composed of 
flakes of irregular circular shape, about 1-40 inch in diameter 
and varying from .002 to perhaps .0002 inch in thickness. 
The formation is very similar to that found on a large scale 
in slate quarries, where the slate breaks up readily into thin 
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slabs, entirely similar to the minute flakes into which graph- 
ite separates. 

The function of graphite is not so much to take the place 
of lubricating oil or grease as to make the surfaces of the 
wearing parts smooth and polished so they will slide over 
one another with as little friction as possible. For this rea- 
son it is perhaps misleading to call graphite a lubricant. The 
result accomplished by it is analogous to the result obtained 
by the use of the modern grinding machine when finishing 
journals or bearings. If the journal of a rotating piece is fin- 
ished by turning or filing, simply, and is soft, it will take 
more power to rotate it in its bearings than if the parts are 
hardened and ground, and accurately cylindrical. Friction is 
caused by the slight irregularities of surfaces fitting into 
one another, and so requiring force to make one slide upon 
the other. Grinding reduces these irregularities and when 
we come to a surface as smooth as ice the friction is very 
little indeed. Graphite accomplishes practically this result. 
It fills up the pores and produces a smooth surface, in just 
the right condition for a bearing, and as the coefficient of 
friction of graphite is only about half. that for iron or steel, 
its value in a bearing is very manifest. 

While graphite is seldom used as a lubricant without oil, 
its low coefficient of friction makes it a fairly efficient lupri- 
cant when employed without oil, or when for any reason the 
oil has become dissipated, leaving a graphite coating on tne 
wearing surfaces. Such a condition might exist in a gas 
engine or superheated steam engine cylinder, or a heated 
bearing, if the temperatures were high enough to vaporize 
the oil. It is well known that graphite will “cool off” a hot 
bearing, for the reason, of course, that it makes smooth 
surfaces out of the roughed-up ones; and in a similar way, and 
on the plan that prevention is better than cure, its previous 
use will tend to prevent a bearing from roughing up and 
heating. It is more effective on rough than on hardened 
and ground surfaces and is generally considered very efii- 
cient for heavy work, where it is not liable to be squeezed 
out from between the surfaces by the great pressure. But 
there are cases where it is decidedly better for light work 
than oil; for example, in the runways in the Mergenthaler 
linotype machines. In these the matrices from which the 
letters are cast are of brass or composition, and upon the 
depression of the keys on the keyboard they slide down in- 
clined grooves to their proper positions for the casting of 
the line of type. Were oil used to lubricate the grooves, it 
would gather dust and the matrices would stick, a difficulty 
not experienced with graphite. 

Graphite is almost indestructible. It is pure carbon and is 
not attacked by acids and will protect metallic surfaces from 
corrosion. It is used by many machinists when putting to- 
gether machinery that must be exposed to the weather, such 
as locomotives or hoisting machinery. In these cases, if 
the screw threads and surfaces in contact be coated with a 
film of graphite and oil, the parts will not rust together 
and can be easily taken apart when occasion requires. In 
steam and gas engine cylinders graphite is not as generally 
employed as would be the case if it were easier to automatic- 
ally feed it into the cylinders, as is done with oil by the use 
of the sight-feed lubricator. Many devices have been invented 
for the purpose, however, and some of them are proving quite 
successful. 

Graphite is efficient in reducing friction and its use is 
increasing as its merits become better known and the way 
in which it operates is better understood. No more striking 
illustration of its qualities can be given than by mentioning 
a peculiar incident related by Mr. Malcolm McNaughton, of 
the Joseph Dixon Crucible Co. In India, where graphite is 
mined, many houses have tiled roofs. These are of the sim- 
plest kind, having no locking devices for holding the tiles, 
which are laid loosely on the roofs. The angle of the roofs 
is less than the angle of repose for the tiles. The winds 
carry the dust from the plumbago compounds and drive it 
into the crevices of the roofs; and in some cases the angle of 
the roofs has proved too great under these conditions and 
the tiles have slid to the ground, whereas, were it not for the 
graphite they might have remained on the roofs for years. 
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THE ROTARY PUMP. 

The first steam engine was undoubtedly of the rotary re- 
action type, but the first practical steam engine was of the 
reciprocating piston type, converting rectilinear motion into 
rotary motion by means of the connecting-rod and crank. 
Now the signs of the times seem to point to the displacement 
of the reciprocating piston steam engine by the steam turbine, 
and who would dare to assert that the same fate may not 
befall the present type of gas engine? There seems to be no 
theoretical reason why the gas turbine cannot be brought to 
a successful issue although the practical difficulties appear 
at present to be formidable enough. In the matter of pump- 
ing, the reciprocating piston pump has held the field, both 
for moving liquids and gases. It is true that we have had 
the centrifugal pump for liquids and the fan blower for gases, 
but until comparatively recently these have been regarded as 
being strictly limited to low heads and light pressures. But 
there is no good reason for such a condition except the diffi- 
culty of getting the proper designs. All good rules work 
both ways, and the reversible cycle is a_ well-established 
principle of mechanics as well as of thermodynamics. The 
water turbine utilizes the energy of water falling from great 
heights and does so with good efficiency. Why should it not 
in reverse order act as a pump working against high heads’? 
Again in the case of the fan blower: If a pressure of a few 
ounces per square inch may be readily obtained with an 
ordinary fan, two blowers connected tandem fashion should 
double the pressure of delivery, three triple it, and so on. 

A paper was recently read on rotative pumping by Mr. 
John Richards before the Technical Society of the Pacific 
Coast, in which it was pointed out that the engineering world 
has recently entered on an anti-reciprocating machinery 
epoch and that pumps as well as steam engines would eventu- 
ally be re-formed on these lines. The first centrifugal pump 
is believed to have been invented about two hundred years 
ago by a Frenchman, Denis Papin, in Hesse, Germany, where 
it was known as the “Hessian suck.’ Centrifugal pumps 
are cheaply manufactured and work very well where the 
heads are low, but as ordinarily constructed they are not 
adapted to high heads, say more than forty feet, as the vanes 
encounter frictional resistance that seriously reduces the efti- 
ciency. The kinetic energy of water leaving the vanes of a 
centrifugal pump cannot be efficiently converted into pressure 
without using water spaces, as is done in the Sulzer high- 
lift centrifugal pumps. The ordinary centrifugal pump, may, 
however, be compounded for higher heads. The first attempt 
made in England in this direction was that of Prof. Osborne 
Reynolds, who designed a triple compound centrifugal pump 
which worked efficiently, but it was not a commercial success. 
One great difficulty met in centrifugal pumps is getting a 
motor adapted to the pump, the tendency always being to 
adapt the pump to the motor. Prof. Unwin says that the 
friction of vanes increases as the’ fifth power of the diameter; 
so there must be a great waste of power when the wheel 
is made too large, in the effort to accommodate it to the 
motor. 

The centrifugal pumps made by Sulzer Bros., Mannheim, 
Germany, are remarkably efficient and in consequence have 
acquired a world-wide celebrity. The following table is made 
up of the actual results obtained from four Sulzer pumps: 


Gallons raised per minute.. 285 444 634 870 1,400 2,060 2.170 4.120 06 
Head in feet, one-stage ..... 78 111 ea 246 are ” 262 oa ee hes es 
Head in feet, two-stage..... 157 223 328 492 524 524 524 524 524 
Head in feet, four-stage.... 315 446 656 984 1,050 1,050 1,050 1,050 1,050 
Efficiency, per cent......... 67 e7as 72874 75 76 76.8 77 77.6 


An installation of Sulzer pumps is working in the Horcajo 
mines in Spain against a head of 1,550 feet (672 pounds per 
square inch) and at an efficiency of 70 per cent. The opera- 
tion of rotary mine pumps from one level to another is emi- 
nently the field of the electric motor. Great masses of pump 
rods and moving machinery are replaced by apparatus 
that can be conveniently located and connected by insulated 
wires, the whole making a combination not easily excelled in 
the matters of simplicity and elasticity. A cut is given in 
the paper illustrating the construction of a four-stage Sulzer 
pump to operate against a head of 800 feet or 347 pounds per 
Square inch. The construction shown does not, however, 
represent their present practice. 
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The De Laval Steam Turbine Co. are using rotary pumps 
successfully against high heads. In their machine the tur- 
bine shaft makes several thousand revolutions per minute, 
say, perhaps 30,000, while the driving shaft which is geared 
to it rotates much slower, say, at 1,500 revolutions. They 
use two pumps, one for suction and one for forcing. The 
suction pump is placed on the low-speed shaft, and the fore- 
ing pump on the high-speed shaft, with the result that the 
water obtains so high a kinetic energy that it easily dis- 
charges against a head of 250 pounds or even more. 

In regard to rotative compression of gases Mr. Charles 
Parsons has furnished fans driven by steam turbines that 
deliver air under a pressure of 25 pounds per square inch 
in what is believed to be a one-stage machine. A two-stage 
machine on the same principle would double the pressure, 
and so on. From experiments recently made it is believed 
to be quite practical to compress gases to high pressures by 
the direct-acting rotary process, and we may before long 
look for some interesting developments along these lines. 


* OK O* 


LIQUID FUEL FOR THE UNITED STATES NAVY. 

In the November issue appeared an editorial of some length 
on the possibilities of liquid fuel, which gave some of the 
recent developments in the use of petroleum fuel as applied 
to stationary, locomotive and marine engineering. As men- 
tioned in the editorial the United States Navy Department 
have been making quite extensive experiments with liquid 
fuel with the view of using it to a greater or less extent on 
naval vessels. As might be expected these tests are of an ex- 
haustive nature and broad in their scope, the object being to 
find the best form of apparatus, how well it is adapted to 
naval use, and the nature of the practical difficulties to be 
overcome. Rear-Admiral Melville’s report to the Secretary 
of the Navy has now been made public, but of course it is 
not conclusive on all points, the findings of the board pub- 
lished being of a preliminary nature. The report indicates, 
however, that the use of liquid fuel for military purposes is 
desirable, but that there are a number of practical problems 
yet to be solved before it can be regarded as being fully 
adapted to such use. 

As regards the matters of cost and supply of petroleum, 
it is pointed out that the cost will always be greater than that 
of coal except where unusual conditions prevail. The ex- 
pense of transportation alone will be sufficient to make oil 
cost more than coal except perhaps at some Gulf and Cali- 
fornia ports; and while the matter of cost is secondary in 
military matters, 1t must be considered. As to the limited 
supply of petroleum, it is mentioned that probably not more 
than one per cent. of the total amount of oil used as fuel 
would be consumed by the navy. 

The installation of fuel oil apparatus on board ship is 
fraught with many difficulties. Great care must be taken to 
prevent fires and explosions. Not only must sparks from 
the furnaces be guarded against, but also the dangers arising 
from the electric wires and apparatus. It is thought probable 
that the great bulk of such fuel used on warships will be 
stored in the double bottoms. But wherever stored there is 
the difficulty of preventing the accumulation of explosive 
gases in tanks that are partially full. In the merchant 
service the oil is often stored in expansion tanks or trunks 
that rise to the height of the deck. On some of these vessels 
the oil tanks are surrounded by a cofferdam so that any 
leakage of oil will be quickly discovered. It is said to be 
comparatively easy to free such tanks from the dangerous 
gases that tend to accumulate therein. 

The special board composed of Lieutenant-Commanders 
Edwards, Parks and Bailey sought to determine: 1. The 
relative advantage of air and steam as an atomizing agent. 
Air compressors are not desirable on shipboard as they are 
heavy and take up considerable room. If steam is to be used 
instead it is important to know to what degree to superheat 
it in order to make it a satisfactory atomizing agent. The 
use of air making necessary an air compressor, is not a vital 
objection, however, since air compressors are already in use 
on shipbcard for other purposes. 2. The pressures at which 
oil, steam and air should be delivered at the burners. 3. 
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The best design of steam boiler for liquid fuel. 4. The sim- 
plest and most economical method of heating the air and oil. 
5. Whether or not an air receiver is necessary between the 
compressor and the burner to reduce the air pulsations. 6. 
The relative value of the leading types of oil burners. The 
Bureau have over 2,000 drawings and specifications on file and 
about 30 patents are being issued a week on oil-burning ap- 
paratus. 7. The non-production of smoke. This is most im- 
portant from a military standpoint. 

The board also sought to find: 1. The evaporative effi- 
ciency of oil as compared to coal under like conditions. 2. 
The degree to which combustion could be forced with both 
steam and air as the atomizing agents under forced and 
natural draft. 38. The ability of the oil burner to work under 
forced draft. 4. The liability of the boiler to injury under 
forced draft. 5. The amount of steam necessary for atomiz- 
ing the oil. 6. The effect of pre-heating the air necessary for 
combustion. 7. The time required to properly train firemen 
to care for oil burners. 8. The best means of reducing the 
roar caused by the minute and incessant explosions within an 
oil-burning furnace. 

With the Hayes oil burner it was not at any time found 
possible to get an evaporative efficiency (corrected) of 11 
pounds of water per pound of oil. Steam was furnished from 
an independent boiler at a pressure of 90 pounds. The oil 
was fed to the burners at a pressure of 80 pounds. During 
the trials the pressure for atomizing purposes as well as the 
pressure at which the oil was forced to the burners, was in- 
creased each day. It was found that the higher the pressure 
the greater the amount of water evaporated. The efficiency was 
also slightly increased with the higher pressure, but the per- 
centage of steam required for atomizing also slightly in- 
creased with the pressure. It was also found that the ther- 
mal efficiency of the oil burned was not increased by the use 
of steam. The popular idea that the steam is disassociated 
at the high firebox temperature and that the hydrogen and 
oxygen are afterwards united, is regarded as a misconception. 
All steam that enters the furnace will escape as steam and 
carry with it considerable waste heat. The amount of waste 
heat carried off in this manner will depend on the tempera- 
ture of the furnace and the amount of steam introduced. 
The quantity of available heat for evaporative purposes is 
undoubtedly reduced by the use of steam as an atomizing 
agent. The information that has already been secured on the 
subject of liquid fuel and made public, is summarized as fol- 
lows: 

1. That oil can be burned in a very uniform manner. 2. 
That the evaporative efficiency of nearly every kind of oil 
per pound of combustible is probably the same. 3. That 
marine steam boilers can be forced to as high a degree with 
oil as with coal. 4. That the firemen favor oil. 5. That the 
air supply necessary for combustion should be heated before 
entering the furnace. 6. That the oil also should be heated. 
7. That when using steam as the atomizing agent higher 
pressures are undoubtedly more efficient in atomizing the oil 
than low pressures. 8. That under forced draft conditions 
no means have yet been found for preventing the escape of 
black smoke from the funnels. This condition is very un- 
desirable from a military point of view. 9. That the con- 
sumption of oil cannot be forced to so great an extent with 
steam as with compressed air as the atomizing agent. This 
is probably because the air for atomizing also supplies oxygen, 
while the steam displaces the air entering to support combus- 
tion, and thereby hinders it somewhat. 

The boiler used in the experimental tests was of the Hohen- 
stein straight water tube type. This boiler, in the opinion of 
the Board, is one that can be put on the very limited list of 
American straight tube boilers that have been found suitable 
for naval purposes. Careful examination of the boiler after 
the tests showed no distortion of the tubes nor any damage 
to it whatever, although it had been subjected to an unusually 
severe work. The tubes remained free of mud, showing a 
good circulation. Some recommendations were-made which 
it was believed would improve it for naval purposes, one being 
the use of a 42-inch drum in front instead of a 24-inch drum. 
This would tend to make the water level more uniform in a 
seaway. 


MACHINERY. 


December, 1902. 


NOTES AND COMMENT. 


REVIEW OF CURRENT EVENTS, TECHNICAL AND 
MECHANICAL. 

When the Hudson River tunnel, track elevations and gen- 
eral abolishment of grade crossings, and other improvements 
now in progress on the Pennsylvania Railroad between New 
York and Philadelphia are completed, it is predicted by Presi- 
dent Cassatt that the distance between the two terminals 
(more than 90 miles) will be made regularly by the through 
trains in one and one-half hour. The time will be corres- 
pondingly reduced, on account of similar extensive improve- 
ments, between New York and Baltimore, Washington and 
other points. 


We have previously commented on the extensive use now be- 
ing made of concrete construction in place of stone for all 
kinds of building purposes. Concrete is successfully used for 
foundations, retaining walls, culverts, arches, walls of build- 
ings, chimneys, etc. A concrete dam is nearing completion 
near Ithaca, N. Y., which is being built to impound a water 
supply for that city. The dam is across a narrow gorge and 
will be 100 feet long and 90 feet high. The concrete wall will 
be 8 feet thick at the bottom and 2% feet at the top. Ex- 
panded sheet steel plates are imbedded in the wall to bind 
together as one solid mass and to give the necessary tensile 
strength. The dam will be faced on both sides with vitrified 
brick. 


A press dispatch to the New York Times says that after 
making a thorough test of oil as fuel on its passenger locomo- 
tives for ten months, the Southern Pacific Railroad has decided 
to return to the use of bituminous coal. Its mines at Carbo- 
nado recently received orders to begin shipping 25,000 tons a 
month to San Francisco. Those mines have been operated 
by the Southern Pacific for twenty years, but were partially 
shut down after the road began using oil. During that time 
the product of the mines has been used for coke making. 
It is reported that oil was not a success on the passenger 
locomotives for two reasons. One was that it deposited a 
coating on the flues, which had to be removed every day, 
otherwise it kept the heat from the water, causing a great 
waste of fuel. The other was that the intense heat produced 
by the oil also cracked and split the boiler sheets. 


The following table taken from a paper on the world’s coal 
supply, issued by the Treasury Bureau of Statistics, shows 
the coal production of the world in the latest available year, 
the figures for the United States, United Kingdom, Germany 
and France being for 1901, the others for 1900: 


Per cent 

Countries. Short tons. of total. 
WWianhnech Shee “Sone soctcomoop oon sd 293,298,516 33.86 
Umiteds Kame Gomer scope eset ener tear 245,332,578 28.32 
@ermanyar oiewiiae cer bie better 168,217,082 19.42 
INViSiorElshhikeenaz Gopaobes voo0bUD oon 43,010,761 4.96 
UTA COS eases es ee oo recess 35,596,536 4.11 
Be lode apc es emer eee 25,856,024 3.00 
AEs bal aaa eS Get es ao OID oo ONS 17,799,016 2.00 
Ey oy cb | een tt meer arene Ceomubiae treba rseoo Schn 8,187,262 1.00 
Other Countries rec eee oes neal 28,867,765 3.30 
Oban Aue cate epee eto aes seh asa 866,165,540 100.00 


Lightning does not strike water, Professor J. Trowbridge 
of Harvard declares. This discovery he has made in his ex- 
periments with the highest electromotive force ever used. 
By means of his battery of 20,000 cells he obtained a voltage 
of 6,000,000, which force, he says, is at least comparable to 
lightning, and enabled him to deduce his conclusions. “I 
found that lightning does not strike water, if there is any- 
thing else within reach,” says Professor Trowbridge, “in the 
course of my experiments on the effect of high tension or 
high electromotive force. With my large battery I was able 
to obtain an electric spark about seven feet long, and found 
that instead of striking the water a spark of six or seven feet 
in length invariably jumped to some adjacent object in prefer- 
ence to striking the liquid surface. A spark of only a few 
inches in length, however, invariably will strike the water, 
but such a spark is not, of course, compared to lightning.” 
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The glaciers and snow fields of the upper Alps in Switzer- 
land have been aptly named ‘‘white coal” since the mountain 
torrents having them for their sources, are generally being 
utilized for power purposes, which means that coal is not re- 
quired where water power is available. The recent coal strike 
in this country has been an unpleasant demonstration of the 
necessity of coal for almost all industries and of the paralyz- 
ing effects on business, when it cannot be obtained. We have 
almost unlimited water power in many parts of the country, 
but unfortunately it is usually so located as to be unavail- 
able except for such industries as need not be close to the 
principal markets. The development of the electro-chemical 
industries as exemplified at Niagara Falls promises that 
many of these remote water powers may be made useful. 
The great water power of the streams and rivers in the 
Rocky Mountains, has often been referred to, but it is doubt- 
ful if its vastness is generally appreciated. A project is 
on foot to harness the Colorado River, near Williams, Ari- 
zona. <A fall of 5,000 feet can be secured in a distance of 
about one mile by tunneling. A very small volume of water 
falling such an immense distance will generate great power, 
so what will it be for a great river! 


A COSTLY TEST. 


A few years ago the British Admiralty, in order to carry 
out certain investigations regarding naval construction and 
gunnery, had an old battleship turned out to sea where it 
was sunk and destroyed by a heavy fire from the large guns 
on the several ships participating in the experiment. 

It is now stated that it has been decided to break up the 
torpedo-boat destroyer Wolf, at Portsmouth, with the object 
of discovering wherein lies the weakness which has led to so 
many mishaps and disasters in the case of these craft during 
the present year. The Wolf, which was launched in 1897; 
at a cost of $1,250,000, has been placed in a specially fitted 
dry dock while awaiting the costly operation. The steel 
cradles will first be removed from amidships and the vessel 
will be left hanging by her ends, in order to-ascertain if the 
sagging strain thus imposed is sufficient to break her back. 
If she survives this ordeal the Wolf will be hung see-saw 
fashion across the cable, both ends being left unsupported, so 
as to show how she would fare if lifted amidships on the 
crest of a wave. Other tests will be applied. Great interest 
centers in the outcome of the experiment, from which the 
naval architects anticipate obtaining most valuable data for 
designing future torpedo boat destroyers. 


FIRE IN NEW WILLIAMSBURG BRIDGE TOWER. 
On the night of November 10 a serious fire broke out in 
the New York tower of the new Williamsburg Bridge across 


the East River, which was with great difficulty extinguished. - 


The fire raged fiercest at the top of the tower 330 feet from 
the ground. The tower construction is entirely of steel, but 
the fire was fed by the wooden scaffolds, ladders, footbridges, 
oil, waste, and other inflammable materials used in the con- 
struction work. The wires composing the four huge cables 
had all been laid and were being covered with a water- 
proofed canvas covering, over which will be placed steel cas- 
ings. This work had been partially done and it was feared 
that the cables had been severely damaged over the tower 
where the flames were the hottest, it even being predicted that 
they would have to be renewed at a cost of perhaps $1,250,000 
which would, in consequence, delay the completion of the 
bridge more than one year. It was found, however that the 
cables had been well protected from the direct effect of the 
flames by the saddles that carry the cables over the top of the 
tower. A conservative estimate of the damage made by an en- 
gineer connected with the Roebling Co. puts the damage at 
$50,000. Each of the four cables is 1814 inches in diameter, 
and is composed of 7,696 wires laid in 37 strands of 208 wires 
each. The wires have a tensile strength of about 200,000 
pounds per square inch of cross section. The total width of 
the new bridge will be 118 feet and the lowest part of the 
roadway will be 135 feet from the water at high tide. Its total 
length is 7,200 feet which is about 660 feet greater than. that 
of the Brooklyn Bridge. The center span is 1,600 feet long. 
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DEVELOPMENT OF WATER POWER AT NIAGARA FALLS. 


According to an account recently published in a Buffalo 
newspaper, the amount of capital now invested in the develop- 
ment of the power of Niagara Falls is $32,500,000. There are 
at present five companies exploiting the power resources of . 
this famous and wonderful waterfall: Niagara Falls Power 
Co., Niagara Falls Hydraulic Power & Manufacturing Co., 
Canadian Niagara Falis Power Co., Ontario Power Co., and 
Lower Niagara River Power Co. The Niagara Falls Power 
Co. are now supplying 50,000 electrical horse power from their 
No. 1 power house and will soon be in position to supply 55,- 
000 horse power from their No. 2 power house, which is near- 
ing completion. The Niagara Falls Hydraulic Power & Manu- 
facturing Co. are enlarging their canal so as to add 100,000 
horse power to their present output. The Canadian Niagara 
Falls Power Co. are working night and day on a 100,000 horse 
power plant, the output of which will be mostly used on the 
American side. This company also have a franchise for an 
additional 100,000 horse power which will probably be devel- 
oped as soon as the present installation is completed. The 
Ontario Power Co. have plans for the development of 400,000 
horse power and the work is being hurried with all possible 
speed. The contract for the first 50,000 horse power has been 
let. -The Lower Niagara River Power Co. have secured a 
franchise for 200,000 horse power which will soon be devel- 
oped. The total power development possible by these five 
companies, is about 1,000,000 horse power. The effect of 
such vast resources of cheap power will undoubtedly be that 
Niagara Falls and vicinity will eventually become one of 
the greatest manufacturing centers in the world. 


FOR PREVENTING ELECTROLYSIS. 


Bearing on the subject of electrolysis, which has become 
so important in our great cities, are several bits of experi- 
ence given at a convention of fire engineers in New York City 
the latter part of September. These were by Capt. Brophy, 
who read a paper on “Hlectrolysis.” As reported in the 
Electrical World and Engineer he recommends breaking the 
continuity of metal in pipes by the insertion of insulating 
joints at suitable intervals. In that case the poorly bonded 
track would have to receive immediate attention, and its carry- 
ing capacity be increased either by proper bonding, increasing 
the size of the rails, or the addition of return feeders. Vou 
neither plan was adopted an increased coal bill would be the 
result. This plan of placing insulators or circuit breakers 
was not adopted at first, because none had been devised. But 
within a quite recent period such breakers have been devised, 
manufactured and used. Capt. Brophy added: : 

“In one of our large cities a natural gas system of piping 
had been connected by a large cable to the dynamos of the 
street railway system in order to drain them of current, 
but electrolytic corrosion took place very rapidly at the 
joints. In this case ‘necessity was the mother of invention,’ 
and an insulating joint was devised and inserted at suitable 
points in the pipe system, and the connection to the dynamos 
discontinued, since which time no corrosion has taken place. 

“T have quite recently taken measurements between the 
natural gas pipes and the rails of the street railway in Wheel- 
ing, W. Va., to ascertain the flow of current from pipes to 
rails, also to ascertain the flow of current in the different 
lines of pipes. I will not give here a list of these measure- 
ments, but as a result of one made near the power house 
I found 300 amperes flowing from pipe to rail, the pressure 
being 10 volts, or representing a little over 3 horse power. 
The gas company has decided to place insulating joints in 
their pipe system. I have just returned from Wheeling, where 
the work has progressed far enough to show that the lines 
wherein these joints have been placed have no current flow- 
ing over them, and when the work is completed these pipes 
will not act as return feeders for the railroad, and electro- 
lytic corrosion will cease. It will be a matter of indifference 
to the owners of these pipes what the condition of the street 
railway tracks may be. Not so with the city of Wheeling, 
however. Up to the present time the return or stray currents 
were conducted jointly by the gas and water pipes, but from 
this time on, the entire load must be borne by the water pipe.” 


188 


THE JOHN FRITZ MEDAL. 

A banquet was given at the Waldorf-Astoria Hotel, New 
York, on Friday evening, October 31, in honor of the eightieth 
birthday (August 21, 1902) of John Fritz, the well-known 
veteran of the iron and steel industry of the United States; 
and a gold medal was given him in recognition of his scientific 
and industrial achievements. The banquet was attended by 
nearly five hundred guests, many of whom are among the 
foremost in the metallurgical industry in this country, and 
many others equally prominent in other industries and in the 
professions. Mr. H. C. Prout, edi- 
tor of the Railroad Gazette, was 
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was always in the direction of improved tools and appliances, 
believing that they could always be made a most profitable 
investment. In 1854 he became connected with the Cambria 
Iron Works, and about 1860 he erected a puddle and rolling 
mill and later a blast furnace at South Bethlehem, this being 
the origin of the great Bethlehem Steel Works. The subse- 
quent development of these works in the manufacture of 
armor plate for battleships and of hollow steel forgings for 
industrial purposes by the Joseph Whitworth fluid compres- 
sion process, are matters of general knowledge. 

Mr. Fritz invented and built the 
first three-high rolling mill in 


toastmaster on the occasion and 
Mr. John Thompson made the 
speech of presentation. Speeches 
were made by or letters read from 
Abram S. Hewitt, Rear-Admiral 
Geo. W. Melville, Brig.-Gen. Eu- 
gene Griffin, Andrew Carnegie, 
Irving M. Scott and many others. 
Mr, Prout announced the estab- 
lishment of a John Fritz gold med- 
al to be presented yearly for 
notable scientific and industrial 
achievement, without restriction as 
to sex or nationality. A permanent 
fund of $4,000 has been raised by 
the friends of Mr. Fritz, the inter- 
est of which will be ample for the 
annual purchase of the medal. 
The annual awards of the medal 
are to be made by a board of six- 
teen members chosen equally from 
the membership of the American 
Society of Civil Engineers, the 
American Institute of Mining En- 
gineers, the American Society of 


America while superintendent of 
the Cambria Iron Works. The 
great difficulties he encountered 
in its development would have dis- 
couraged a man of lesser courage 
and determination. Before the in- 
vention of the three-high mill the 
two-high rolling mill was in com- 
mon use. With this the hot plates 
were returned on top of the up- 
per roll, which of course made 
an idle pass for each working 
pass. This not only caused a loss 
of time, but allowed the plates 
to cool on the idle pass and made 
the rolling of large thin plates 
extremely difficult, if not impos- 
sible. The three-high train not 
only does away with the idle pass 
and saves time, but keeping the 
plates continually between the 
rolls is a distinct advantage, as 
heat is added mechanically. There 
is also the tendency to weld 
up any incipient cracks that may 
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Mechanical Engineers and _ the 
American Institute of Electrical 


: John Fritz, Engineer. 
Engineers. 


Born August 21, 1822. 


have started in the edges of a 
plate during the previous pass, be- 
cause of the reverse action of the 


Reverse and Obverse of John Fritz Medal. 


John Fritz was born August 21, 1822, on a farm in Chester 
County, Pa., which he left at the age of sixteen to work 
in a machine shop to learn the machinists’ trade. In 
1846 he became connected with a bar mill. The tools pro- 
vided for the building and repair of rolling mill machinery 
were of the crudest description and were seemingly totally 
inadequate for such work. The bar mill referred to had 
practically only one machine tool, a roll lathe. After much 
persuasion he succeeded in getting the firm to pyirchase some 
small lathes, a planer and a drill press. Mr. Fritz’s influence 


rolls. So obvious were the great advantages of the three-high 
rolling train, after it had once been worked out to a suc- 
cessful issue, that its most strenuous opponents were almost 
at once won over, and it was not long before it was generally 
adopted for other rolling mills. To-day it is practically the 
only form of train known for general work. Probably no 
other invention has made such a change in the methods or 
possibilities of the art of forming metal into shapes by the 
rolling process, or has had a greater influence on the produc- 
tion of iron and steel. 
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WORM GEARING. 


NOTES ON THE DESIGN OF SELF-LOCKING WORM GEARS. 
Capt Bi AK Es 


The fact that, among all the valuable matter on gears to be 
found in the volumes of our technical press, so little rewards 
the searcher after information on worm gearing, has led to 
the presentation of the following notes from the writer’s note 
book, being matter obtained from various sources when de- 
signing occasional worm gears. 

The old opinion that the friction and wear of worm gears 
are necessarily very great, and that the efficiency is neces- 
sarily very low, making worm gearing an unmechanical con- 
trivance, is no longer met with. In Unwin’s Machine Design 
it is stated that in well fitted worm gearing, of speed ratios 
not exceeding 60 or 80 to 1, motion will be transmitted back- 
wards from the wheel to the worm. 

In the American Machinist of Jan. 13th and 20th, 1898, Mr. 
F. A. Halsey, writing on modern practice with worm gear- 
ing, shows from many examples of practice that worm gear- 
ing may be designed to have a very satisfactory degree of 
efficiency. In Prof. Forrest R. Jones’s work on machine de- 
sign may be found tabulated the results of many examples 
from practice, some of which show an efficiency as high as 
74 per cent. before abrasion began, the most notable example 
being that of a worm running at a surface speed of 306 feet 
per minute under a load of 5,558 pounds, and showing an 
efficiency of 67 per cent., with no abrasion. The tables in 
Prof. Jones’ work show that under light loads very high sur- 
face or rubbing speeds are allowable, running as high as 800 
feet per minute, while Mr. Halsey gives diagrams showing the 
relations of the rubbing speeds, thread angles and efficiency, 
showing in general that an increase in the thread angle in- 
creases the efficiency. 

There is, however, an important function of worm gear- 
ing which is not brought out in these articles, and which in 
certain classes of machinery is of the first importance; often, 
indeed, becoming the determining factor in deciding upon 
the choice of a worm gear as the power transmitter. It is 
the property a worm gear possesses, under certain conditions 
as to its design, of being self-locking, and preventing motion 
backwards. 

An instance where this property becomes of prime impor- 
tance and accounts for the use of the worm gear, is in crane 
work, where the winding drum is driven by a worm gear so 
designed that when the power is shut off the gear will not 
run down or backwards under the impulse of the load, but 
will be self-locking, holding the load at any point. 
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Fig. 1. Single Thread Worm in Mesh with ae ek 

Fig. 1 shows a single thread worm in mesh with the worm 
wheel, a being the angle of the worm thread with the axis 
of the worm wheel, and in order that the system may be self- 
locking, that is that the worm wheel may be unable to run 
the worm, the tangent of the angle a, must be less than the 
coefficient of friction between the teeth of the worm and 
wheel, or as 


p 
tan. @ = ——, so — <ff ...cescceees: (1) 
xd xd 
in which p = the pitch, d = the pitch diameter of the worm, 
and f = the coefficient of friction between the worm and 


wheel. It is necessary to assume a value for f, which, if the 
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condition determining the use of the worm gear is its self- 
locking property, should be assumed conservatively low. Un- 
win states under the authority of Prof. Briggs, that a well- 
fitted worm gear will exhibit a lower coefticient of friction 
than any other description of running machinery. Prof. Jones 
gives a series of values for the coefficient of friction of screw 
gears, one of which is a pinion of 4 inches pitch diameter, the 
average value being f = .05 corresponding to a rubbing ve- 
locity of 250 feet per minute. Mr. Halsey in his articles as- 
sumes f — .05, and Mr. Wilfred Lewis says that when the 
worm gear is worked up to the limit of its safe strength, a 
rubbing velocity greater than 200 to 300 feet per minute will 
prove bad practice. It is in heavy machinery where worm 
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Fig. 2. 


Fig. 3. 


gears are mostly used as self-locking transmission elements, 
and here they are usually worked up to the safe strength of 
the wheel, hence it is fair to assume f = .05 when designing 
a self-locking worm gear, and to limit the rubbing velocity to 
200 feet per minute, and we have for the limiting value of p 
at which the system will be self-locking. 


Mea Uni titbace (VLOG Ort. w5-5) se yore sss (2) 
The sliding velocity in feet per minute at the pitch line is ex- 
pressed by 

can 
= — O02 GIN on 
12 

where d=the pitch diameter of the worm, and nthe num- 
ber of revolutions per minute of the worm. 

Under the above assumption, that for continuous service 
and heavy pressures, the sliding velocity should not be more 
than 200 feet per minute, we have as the limiting value of d 
to avoid all cutting, 


200 
O} = 


0.261 


The exact nature of the surface of contact between a worm 
and wheel is involved in doubt; many claim it is only a point; 
it certainly is not large, and consequently a wide face for 
the wheel is not needed. If the angle a, is made 60 degrees, 
it will make the face right for any ordinary worm of 4 to 
6 inches diameter. 

There is in all worm gearing a very heavy end thrust on 
the worm shaft, and also an outward force normal to the 
worm axis, each of which must be suitably provided for in 
the design of the shaft and bearings. The end thrust may 
be taken by bronze washers slipped into the bearings at the 
end of the shaft, which may be removed when worn and re- 
placed with new ones. Shoulders may be provided on the 
shaft, between which and the bearings bronze collars may be 
placed, these being split to enable new ones to be easily and 
quickly placed in position when the old ones become worn. 
Roller thrust bearings are very often applied to worms, and 
these as well as the bronze washers may be supplied with 
adjusting setscrews to take up the wear instead of renewing 
the washers. 

In Fig. 2 let P = the tangential force at the pitch line of 
the worm, d = the pitch diameter of the worm, Q = the tan- 
gential force at the pitch line of the worm wheel, E = the 


end thrust of the worm shaft, F — the force on the worm 
shaft normal to the worm axis, then, friction being neglected, 
Pad 
Re eer a (4) 
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In Fig. 3 let the force Q be represented by the line A C normal 
to the tooth side of the worm at the pitch line; draw A B nor- 
mal to the axis of the worm, and BC parallel to the axis or 
coincident with the pitch line of the worm; then when meas- 
ured to the same scale to which AC was drawn, AB=F, and 
BC=E. As the angle CAB is 75 deg. (for the 15 deg. in- 
volute system) we have, 


F 
== sin. 15 °,.and F—=0 208.0: 2 ima (5) 
Q 
H 
—== cos 15°, and # = 0,966 Qe. ses... (6) 
Q 


Taking friction into consideration, the force P, tangential to 
the pitch line of the worm, which it is necessary to employ 


YY Gi 
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Fig. 4. 


in order to produce a force Q tangential to the pitch line of 
the wheel, is given in Weisbach as 


h+f 
Be = eis coatiintece, Sener neces (7) 
1—hf 
in which 
Pp 
h=— 
wa 
The efficiency of the worm and wheel is then, 
P 
SN SS ACOH COONS COO) d (8) 
fet 
Example: A single thread worm of 1 inch pitch running 80 


rey. per min. is to transmit to a worm wheel a tangential 
force Q=5,000 pounds, and is to be self-locking. 
Here from (3) 

200 


= ; 

.261 & 80 
or d may be as large as 9.6 inches before abrasion need be 
feared. 
From (2) 


jo < 0.157 d, assume p = .125 d, 

then as p = 1 inch, d = 8 inches, or the worm will require 
to be 8 inches pitch diameter in order that the angularity of 
the thread may be small enough to make the system self-lock- 
ing. It will be seen that the required diameter will be in- 
creased as the value of f is decreased, and in case the required 
diameter of the worm proves too great for practice, and the 
pitch cannot be reduced on account of considerations of 
strength, some outside aid, such as a brake or friction disk ap- 
plied to the worm shaft, will have to be adopted. 


From (7), 


as h = —— = ——— = .039; we have 
TiO = La ane 
.0389 + .05 
P, = 5000 ———— = 445 pounds. 
1 — ( 089 x .05) 
From (4), 
3.14 x8 xP 
5000 = ——— , or P = 199 pounds. 
1 
From (8), 
P 199 
—- = —— = 449 for the efficiency of the worm gear. 
P,; 445 


The formulas may, by starting with those for the efficiency, 
be used to determine the pitch diameter which will give the 
proper thread angle for any given pitch and degree of efii- 
ciency. 

It is clear from the foregoing, that a worm gear of large 
pitch will require a pitch diameter of the worm altogether too 
large for practice if it is to be self-locking, and that the sys- 
tem as usually designed may be expected to run backwards. 
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To. prevent this, a friction disk may be placed in the bearing 
which receives the thrust of the worm shaft when the system 
is running backwards, and the diameter of the disk so propor- 
tioned as to just hold the worm shaft stationary under the 
impulse of the worm wheel. 


P, 
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The foregoing discussion neglects the effect of the thrust 
of the worm shaft in its bearings, the frictional resistance of 
which must be added to that of the teeth to obtain the actual 
conditions of a self-locking system. This frictional resistance 
depends upon the values of the end thrust E and the normal 
force F already found, and the diameter and form of the bear- 
ing. In nearly all cases of worm gearing the mounting of the 
worm upon the shaft will be covered by one of three cases, 
either unsymetrically between the bearings, symetrically be- 
tween the bearings, or over-hung. 

Case 1, Fig. 4, the bending moment upon the worm shaft is, 


Fab .208 Vab 


L L 
Case 2, the same as Case 1, except that the worm is central 
between the bearings, and 


L 
C= b =__ 
2 
the bending moment upon the worm shaft is, 
.258 Q L 
= —— = .0645 QL ............ (10) 


Case 3, Fig. 5, the bending moment upon the worm shaft is, 
M= FL = .268 OL 3... eee (QS) 
In each of the above cases the shaft is subjected to a com- 
bined twisting and bending strain, the twisting moment being 
the same in each case, T = PR, which is, however, so small 
as to be negligible in what follows. 2 
In the following table the first column shows the several 
styles of journals most commonly used for worm shafts, the 


TABLE GIVING MOMENT OF FRICTION WITH VARIOUS TYPES OF BEARINGS 


Moment of Friction 
Style of Journal. pede ft = = aD 
‘ R 
f F da .04 Pd» 
.05 Bees 
2 Pp 
ip IH AP =| = eeleet 1 Pd, 
——- | .05 = ——- 
3 p P 
Caf OE ar) 2 P(r — 71°) 
a 05 — — 
3rsin. ¥ prsin. y . 
2f EF (rie — vr?) .2P (re — 1°) 
—— 05 
3 (7? — 7) rye — 72 


second column gives the moment of friction for each under 
a load in the direction of the arrow, the third column gives 
the coefficient of friction assumed, and/ the fourth column 
gives the tangential force P, at the pitch line of the worm re- 
sulting from the resistance of friction in the journals, and 
found by dividing the moment of friction in column 2 by the 
pitch radius of the worm. 
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There are always acting upon the worm shaft the two forces 
F and Z£; consequently to get the resultant retarding force 
tangential to the pitch line of the worm, we must take the 
sum of the resultants due to the frictional resistance of each 
force separately. Referring to the table we will, for each 
worm shaft, find the conditions shown at A, in addition to 
the conditions shown either at B, C or D, as the case may be, 
and the total resultant force P, at the worm pitch line, will 
be the sum of the quantities given in column 4 opposite the 
particular cases. 

These frictional resistances developed by the journals act 
in a direction helpful to the self-locking property of the worm, 
and enable the designer to use a larger thread angle fou 
given diameter of worm, or a smaller diameter of worm for 
a given thread angle, thus getting within the limits of good 
practice, and increasing the efficiency of the system for the 
forward movement. 

Having determined the force P, tangential to the worm 
pitch line, resulting from the frictional moment at the jour- 
nals, the angle of repose for this force acting with the force 
Q, as shown in Fig. 6, is given by the equation, 

Ps 
tan. « = —- 


The thread angle found previously to the consideration of 
the effect of the journal friction may now be increased by the 
angle x, making the thread angle a+*X. This may be accom- 
plished either by increasing the thread angle, increasing the 
pitch, or decreasing the pitch diameter. 

Consider, now, that in the foregoing example, the worm 
shaft is of the form of Case 2,the worm being central between 
the bearings, and the distance between bearings being 36”. 

Then from (5) we have, 

F=.258 X 5,000 =1,290 pounds, 


and from (6) 
E = .966 X 5,000 = 4,830 pounds. 
From (10) 
258 x 5000 x 36 


1 —— = 11610 inch pounds. 


Assuming f = 10,000 pounds per square inch for the allow- 
able fiber strain in the worm shaft, we have 


Ts 
M=—d,f or dy = 2 28" 
32 


From the table, Case A. 
04 & 199 x 2.28 


a = 17.21 pounds. 
1 
From the table, case B. 
1 x 199 K 2.28 
P= —— = 40,07 pounds. 
if 
Then 
Py = 17.21 + 45.387 = 62,58 pounds. 
62.58 
tan. 2 = —— = .0125 
000 
C= 
From (1). 
1 
tan. @ = ———-_ = . 089 
syle yes) 
= )2)255 
Then 


a& + % = 2.95° 
tan. 2.95° = .052 
p 
—— = 052 = h, andd = 6". 
x ad 


If now we substitute these new values of h and d in equa- 
tions (7) and (4) we shall have, 
From (7), 


P, = 5000 


.052 + .05 
SS = = 500 pounds- 
1 — (.052 x .05) 
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From (4), 
Px 3.14 X 6 
5000 = - or P = 270.7 pounds. 

From (8), 

Pee at0.% 

—__ — ——~— = 544 efficiency for the worm gear. 

Pe DOD 


The total efficiency of the system, taking account of the 
journal friction will be 


Te 270.7 


P, + Pa 500 + 62.58 

It thus becomes clear that while the efficiency of the worm 
threads and wheel teeth has been increased above 50 per cent, 
the efficiency of the whole system including the journals is 
below 50 per cent. and the system retains its self-locking prop- 
erty. It is evident that when running forward the end thrust 
E upon the worm shaft will be upon the opposite end from 
that when running backwards, and on this account a system 
may be designed to have a high efficiency on the forward 
movement and still preserve its self-locking property. 

If both the journals be made roller bearings, and the end tak- 
ing the thrust on the forward movement be made ball bearing, 
while the opposite end be made like Case C or D in the table 
properly proportioned, the worm may be designed to show a 
very high efficiency on the forward movement, while the fric- 
tional resistance of the step bearing on the opposite end will 
cause the system to be self-locking by reason of the energy 
absorbed at the step bearing. 

The formulas may be put into more convenient form for 
this purpose, as follows: 

The designer will have, to start with, a knowledge of the 
force Q required at the worm wheel, the force P, at the pitch 
line of the worm developed from the source of power, the 
pitch required for the worm wheel, and the efficiency e for 
which he wishes to design the system. We then have, 

Je 
es (Hs IE 
13 

Substituting this value for P in equation (4) and solving 

for d@ we have, 


for the worm neglecting the journals, when the journals and 
thrust are roller and ball bearings respectively, and 


pQ 
¢g = — 


3.14 (P, — Po) e 
when the journals and thrust bearings are considered. 

The worm being thus designed for the given efficiency on 
the forward movement, it remains to determine such propor- 
tions of the step bearing for the backward movement as will 
present enough frictional resistance to render the system self- 
locking. Let e,=the efficiency when the journals and thrust 
are considered, then 


Ne 


ee ey OL ey (be aptoer a) 
Py +P 


and substituting the value of P found above 
eP, = 6 Pi + é: Pa 


and 
12 (e ed 1) 


ley = 
ey 
By equating this force P, to the proper quantity from col- 
umn 4 in the table of journal resistances the proportions re- 
quired of the journal or step bearing may be determined. 


x e RF 


The British cable-laying ships have completed the laying 
of the Pacific cable from Vancouver to Sydney, Australia. 
This is the first cable across the Pacific, but others will prob- 
ably follow soon. No serious trouble appears to have been 
encountered laying the cable over the submarine valley six 
miles deep that must be crossed, and which has been the chasm 
feared by cable companies. 
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TESTING INDICATOR SPRINGS. 


NEW APPARATUS AT THE NEW YORK NAVY YARD FOR 
THIS PURPOSE. 

As far as we have been able to determine, the first indica- 
tor testing apparatus in which the attempt was made to ap- 
proach the conditions of practice, was built at the Brooklyn 
Navy Yard, now the New York Navy Yard, in 1888. This 
apparatus was for testing springs under static steam pres- 
sure and has served as a model for other testing devices in 
various engineering laboratories. At the time of the Navy 
Yard fire three years ago (Feb. 15, 1899) the building con- 
taining the testing room was destroyed and when the new 
Navy Yard buildings were put up, a larger and more complete 
testing room was equipped—one of the many improvements 
under the direction of Commander J. A. B. Smith. A new 
indicator testing apparatus was built, embodying novel feat- 
ures, many of which had been worked out by Mr. Chas. A. 
Webb, the instrument maker in charge of the room. This 
apparatus is designed for both static and dynamic tests of 
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When testing a spring it is placed in its proper position 
in the indicator and the instrument is attached to a steam 
cylinder corresponding to the cylinder of a steam engine. 
The indicator drum receives an oscillating motion similar to 
the motion that it would receive from an indicator reducing 
motion on a steam engine. Steam is admitted to and ex- 
hausted from the steam cylinder, thus giving motion to the 
indicator pencil in substantially the same manner as when the 
admission and exhaust take place in an engine cylinder. Mer- 
cury gages are used for showing the admission and exhaust 
pressures in the cylinder so that they may be compared with 
the corresponding pressures indicated by the pencil lines 
of the diagram. : 

In Fig. 3 are typical diagrams reproduced futl size and 
taken with a 100-pound spring. The figures on the diagrams 
indicate the admission and exhaust pressure in each case. 
The three upper diagrams were taken at: pressures above 
the atmosphere and the three lower diagrams at pressures 
below the atmosphere, or in a vacuum. Further reference 
will be made to these below. 


Big ei: 


springs. Under the latter arrangement the scale of a spring 
is determined while both the pencil and the drum of the indi- 
cator are in motion and a diagram is being traced. By this 
method the inertia effects of piston, spring and pencil levers 
are the same as when the indicator is used on a steam en- 
gine. The dynamic method of testing springs is original 
with Prof. C. H. Peabody, of the Massachusetts Institute of 
Technology, Boston, who designed the first machine for this 
purpose. Those who have copies of the February ’99 issue of 
MAcHINERY will find therein a description, both of the original 
Brooklyn Navy Yard apparatus and of Prof. Peabody’s ma- 
chine. 
The New York Navy Yard Apparatus. 

A general view of the new Navy Yard apparatus is shown 
in Fig. 1, and details appear in the succeeding illustrations. 
While it embodies the same principle as Prof. Peabody’s dy- 
namic tester, it is modified to permit a number of indicators 
to be tested at the same time, and the general arrangement 
of the various parts is quite different from that in the orig- 
inal machine. 


New Apparatus at the New York Navy Yard for Testing Indicator Springs. 


An essential element of the apparatus is the cylinder Ad, 
Fig. 2, to or from which steam can be admitted or exhausted, 
as mentioned above, and having the bosses ggg for the re- 
ception of the indicators to be tested. The shaft BB at the 
top of the machine is driven by an electric motor and has 
five eccentrics, the left one of which connects with a crank 
on the end of the drum EE to which the indicator strings 
are attached by thumb screws, thus giving motion to the indi- 
cator drums. Two other eccentrics operate piston valves, 
entirely similar to the ordinary slide valve, in the valve cham- 
bers bb. These serve first to admit steam from the reservoir 
C to the manifold cylinder AA and secondly to exhaust the 
steam from the latter cylinder to the exhaust reservoir D. 
Finally two middle eccentrics operate small piston valves in 
the casting cc, one of which momentarily admits steam at 
the admission pressure to the base of one of the mercury 
gages at M; and the other valve momentarily adinits steam 
to the other mercury gage at the exhaust pressure. 

To explain the formation of the diagrams of Fig. 3, a typi- 
cal diagram has been drawn, Fig. 4, upon an enlarged scale, 
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with reference letters. The line ab is the admission line, 
admission being for a very brief duration, aS when an engine 
is running with an extremely short cut-off. The inertia of 
the pencil carries the admission line too high at first and so 
connection with the mercury gage is not made until it has 
settled to its normal level at c. The connection is only for 
an instant and steam at admission pressure is bottled up, 
as it were, in the base of the mercury gage. When the ma- 
chine is running at its usual speed the height of the mercury 
remains at an almost constant level and can be easily read, 
a vernier attachment being used to determine tenths of 
pounds. From d to e is exhaust, and when the normal ex- 
haust level is reached, at f, connection with the other mer- 
cury gage is made, for registering the exhaust pressure. ‘his 
in brief is a general description of the machine, but there are 
numerous interesting features that should be treated more in 
detail and which receive attention below. 
Regulating the Steam and Exhaust Pressures. 

Continuing with Fig. 2, the steam enters the reservoir U 

through a De Rycke separator and the reducing valve d. It is 
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Vacuum Tests. 

Should it be desired to test a spring at pressures below 
atmospheric pressure only, the steam line being below the at- 
mospheric line, it is possible to do so by two different meth- 
ods. It will be noted that the steam reservoir can be con- 
nected directly to the air pump by valve 2 and can be opened 
to steam pressure by valve 1. The exhaust reservoir can he 
connected to the air pump by valve 4 and can be opened to 
atmospheric pressure by valve 3. When making vacuum 
tests, therefore, the pressure can be so regulated that either 
the steam or the exhaust reservoir can be used for the higher 
pressure, the other one serving for the lower pressure. Thus 
by opening valve 1 slightly and throttling at valve 2, the 
pressure can be maintained in the steam reservoir at any 
desired amount below atmospheric pressure, this being used 
when tracing the upper line of the diagram. The exhaust 
reservoir would then be opened to the air pump, valve 3 be- 
ing closed. 

The other method would be to open valve 3 and throttle 
at valve 4, giving a pressure in the exhaust reservoir slightly 
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Fig. 2. Diagram of New York Navy Yard Indicator Spring Testing Apparatus. 


manifestly necessary to have different pressures of steam 
in the reservoir in order to test the springs under different 
degrees of compression. With a static apparatus; where but 
little or no steam escapes from the reservoir, this can be 
easily accomplished by means of a globe valve. In this case 
steam is being drawn from the reservoir in greater or less 
amounts and a reducing valve is essential. A great deal of 
difficulty was experienced in securing a valve that would 
keep the pressure absolutely constant when operating be- 
tween wide limits, and the one finally adopted after severe 
tests was the Leslie reducing valve, made by J. S. Leslie, 
Paterson, N. J. The exhaust reservoir D has an outlet to the 
atmosphere through an exhaust pipe in which is placed the 
reducing valve e, so that any degree of back-pressure can be 
secured. If desired to run a test under vacuum correspond- 
ing to conditions when indicating a condensing steam engine, 
connection is to be had to an air pump through the pipe 
shown at the right of the exhaust reservoir. All of these 
various parts drain into Kieley traps, as indicated. 


less than atmospheric pressure; and to close valve 1 and 
open wide valve 2, which would give the air pump pres- 
sure, or the complete vacuum in the steam reservoir. By 
either of these methods diagrams similar to the three lower 
ones in Fig. 3 would be traced. : 

When making vacuum tests the vacuum gages at WN are used, 
instead of the mercury columns at M. The vacuum gages 
were made by the Hohmann & Mauer Co., Rochester, N. Y. 
The mercury columns M were made by the Quimby Steam En- 
gineering Co., Philadelphia, and are of novel design. While 
they are capable of measuring pressures up to 300 pounds 
the total rise of the mercury is only 36 inches for 300 pounds 
pressure, this short rise being accomplished by means of an 
arrangement for compounding pressures, in the base of the 
column. 

Details of Construction. 

In Figs. 5 and 6 are shown sections through the valves 
and valve chambers, which admit steam to and exhaust it 
from the manifold cylinder and which connect the latter 
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with the pressure and vacuum gages. Fig. 5 shows the valve 
for admitting steam to the gages. It is a hollow piston valve 
having holes at a and b which, when they come opposite holes 
A and B in the casing, allow steam to flow through. It will 
be understood that the manifold cylinder is represented in sec- 
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made so that it can be rotated a slight amount by hand, inde- 
pendently of its connection with the eccentric, the effect of 
this adjustment being the same that would be accomplished 
by lengthening or shortening the strings of the indicators. 
The mechanism for making this adjustment is shown in 


tion at G. In Fig. 6 the manifold cylinder is also shown at C_ Fig. 7. The hub H of the drum is hollow and in making this 
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Fig. 5. Fig. 6 


and the piston valve indicated allows steam to enter from 
the bottom in the direction of the arrow and to pass out from 
the cylinder through the upper port into the exhaust pas- 
sage EH. It will be noted that the valve is balanced. 

Details of the drum to which the indicator strings are at- 
tached for giving motion to the indicator drums are shown 
in Fig. 7. It will be evident that for the purpose of testing 
springs it is not necessary to trace a long diagram, one an 
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Fig. '7. Drum Adjustment Mechanism. 


inch long serving every purpose that would be accomplished 
by having a card four or five inches long. It was a matter 
of convenience, therefore, to provide for adjusting the posi- 
tions of the indicator drums when taking cards, so that two 
or three diagrams can be traced side by side on the same 
piece of paper, as in Fig. 3. To accomplish this the drum is 
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DIAGRAMS WITH 10 LB. SPRING BOTH ABOVE AND BELOW THE ATMOSPHERIC LINE 


Fig. 3. Typical Diagrams reproduced Full Size. 
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Fig. 4. One of the Diagrams Enlarged. 


angular adjustment it rotates upon tube B. When the drum 
is oscillated by the eccentric, however, the tube and drum 
turn as one piece, being locked together by the pin P. To 
accommodate the pin there are two diagonally opposite spiral 
slots in the hub of the drum and two straight axial slots in 
the tube. The pin is carried by a cylindrical piece C which 
can be moved endwise by a erank or handwheel on the end of 
screw S in the lower view, Fig. 7. Inasmuch as the pin is 
constrained to move in a straight line longitudinally with the 
drum by means of the straight slots in the tube B, the drum 
must turn one way or the other through the influence of its 
spiral slots. A complete sectional view of the drum appears 
in Fig. 8, showing the lever attached to the tube or hollow 
shaft at the left, through which the drum is oscillated by 
means of its eccentric. 


Static Tests. 
The original Navy Yard apparatus was for testing springs 
under static pressure only. This is the method that is still 
used, pending more complete tests with the dynamic appa- 
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Fig. 8. Sectional View of Drum. 


ratus above described, provision being made for this. The 
standard mercury column is shown at the extreme left in 
Fig. 2 and is used not only for testing springs but for stand- 
ardizing gages and the smaller columns used with the dynam- 
ic tester. When testing under static pressure the connection 
between drum # and its eccentric is broken. The indicator 
strings are attached to the drum and the latter is turned 
and set by hand in such a position that the different indi- 
cator drums wilt have been rotated slightly. An electrical 
device is shortly to be added whereby the main drum HE 
can be released, allowing the indicator drums to fly back 
to their original positions through the action of their own 
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springs, and the indicator pencils to be applied to the paper si- 
multaneously, which will trace a mark about % inch long. 
This part of the apparatus has not yet been completed. 

This electrical connection will be made automatically 
through the mercury column at 5-pound intervals, the switch 
S, Fig. 2, being used for the purpose. The column is con- 
nected by wires with the switch, and as the mercury rises, 
contact will be made when it reaches the point correspond- 
ing to that at which the switch is set. By moving the switch 
point by point, and increasing the pressure under the mer- 
cury column, a spring may be tested at 5-pound intervals 
throughout its whole range. The method of varying the 
height of the column of mercury will be evident from Fig. 2. 
Steam is admitted from the manifold cylinder A to the water 
pot, forcing water down into the mercury pot and in turn 
forcing mercury into the column. When testing springs under 
vacuum by the static method the vacuum gages M are used, 
the same as when making the dynamic tests. 

* * * 
RE THE METRIC SYSTEM. 

A recent news item states that a printing ink factory of 
mammoth proportions will soon be built near Paris, France, 
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by Cincinnati, Ohio, capitalists. The building is to be of 
peculiar fireproof construction. Fireproof brick wiil encase 
the steel frame, and the doors and outside window shutters 
will be constructed of steel with layers of asoestos in the 
center. Then follows a remarkable statement by the presi- 
dent of the company to the effect that although the plans 
have been drawn in Cincinnati, they will have to be re- 
drawn by a French draftsman as the drawings in France 
must be made to metric measurements. While we are not 
prepared to dispute that the drawings may have to be re- 
drawn in France to conform to certain requirements of the 
French building laws, we certainly shall challenge the im- 
plication that the Cincinnati draftsmen cannot make them 
on account of the metric measurements. In fact, the chief 
contention of the advocates of the metric system is that it is 
particularly well adapted for drafting room use. While it is 
generally admitted that it is not as convenient for construct- 
ive work in the shop as a system divisible by four, it is as- 
sumed that for draftsmen and designers, who have calcula- 
tions to make, the decimal system is much to be preferred. 
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THE “HERCULES” FLOATING CRANE AT THE 
NEW YORK NAVY YARD. 

A floating crane of gigantic proportions has been com- 
pleted by the Brown Hoisting Machinery Co., Cleveland, O., 
for the New York Navy Yard, which will be used in the con- 
struction of the battleship Connecticut as well as in the repair 
work that is being constantly done. The illustration shows 
the crane moored at a dock in the Navy Yard, just as it was 
lifting a test weight of 115 tons, consisting of heavy engine 
shafts, etc. The crane is supported upon a steel pontoon 100 
feet long, 60 feet wide and 11 feet deep. The runway on which 
the trolley travels is over 200 feet long, projecting at either 
end about 50 feet. The cables are of sufficient length to enable 
the crane hooks to be lowered to a depth of 20 feet below the 
water level, and the structure is tall enough so that they can 
be raised to a height of 65 feet above the water. 

The pontoon is divided into three main longitudinal com- 
partments. On one side are the boilers, on the other side 
the steam capstans and in the center is a counterweight 
weighing 250 tons. In floating cranes it has generally been 
customary to keep the pontoon level and the crane in an up- 
right position. by filling or emptying large water tanks 
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“Hercules” Floating Crane at the New York Navy Yard, Lifting a Weight of 115 Tons. 


placed at either end when heavy weights were to be lifted. In 
this crane, however, the very novel plan is adopted of a 
moving counterweight, shown in Fig. 2, which travels on four 
tracks. The counterweight is moved backwards and forwards 
by a cable under the control of a steam engine, which operates 
automatically through the action of a float in a water tank in 
which the level of the water is governed by the inclination 
or depression of the pontoon. Assuming a heavy weight to 
be hoisted at one end of the runway, that end of the pon- 
toon will depress, causing the water to flow into the tank, 
raise the float—which opens the throttle valve—and start 
the engine connected with the counterweight. The latter 
travels towards the other end of the pontoon until the bal- 
ance is restored, when the position of the float changes and 
the engine stops. Should the weight being lifted be racked 
along the runway, the counterweight would move continuous- 
ly, keeping the pontoon in balance. 

As a matter of safety, should its cable break, it is necessary 
to have some device to keep the counterweight from going 
too far in either direction. The effect of turning a 250-ton 
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weight loose in the hold of a pontoon can better be imagined 
than described. In Fig. 2 there is a shaft S, having an upper 
arm at A to which one end of the cable is attached. Should 
the cable break, arm A would be released, allowing the shaft 
to rotate and the shoes B B to drop upon the tracks, blocking 
the wheels against further motion. As a final precaution 
however, there are several spring buffers at each end of the 
pontoon, to assist in absorbing the shock, in case the counter- 
weight should break away. 

The hoisting apparatus is operated by four steam capstans, 
one for hoisting each crane hook and two for racking the 
trolley along the runway. The engines are geared to an 
intermediate driving shaft which in turn drives the different 
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STEAM ENGINE ECONOMY. 


NOTES ON THE STEAM CONSUMPTION OF DIFFERENT 
TYPES OF ENGINES. 

In 1858, Chief Engineer Isherwood, U. S. N., published his 
well-known volume, “Engineering Precedents,’ in which he. 
gave the results of various tests that he had conducted upon 
steam machinery. His work was the beginning of what may 
be called experimental engineering, and for several years he 
was almost alone in the engineering profession in attaching 
greater importance to the results of the actual trials of steam 
engines and boilers than to the deductions of theory. In 
1859, one year later, Prof. Rankine’s classical treatise upon 

the steam engine was issued. This is one 
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of the most complete and able works that 
has ever been written and is in extended 
use to-day, but his results are derived en- 
tirely from theoretical and ideal consider- 
ations. He only alludes very briefly to 
the actual interchange of heat between 
the cylinder and steam that occurs in the 
real engine, and the difference between 
the steam consumption of an engine de- 
termined by his formulas and by a feed- 
water test is very great. 

Since this period, forty years ago, there 
have been many experimenters, notably 
through the efforts of the various colleges 
which have established engineering labor- 
atories. The first of these was founded at 
the Massachusetts Institute of Technol- 
ogy, Boston, in 1875, where a Harris-Cor- 
liss engine was set up for experimental 
purposes. Of late years it has come to be 
the proper thing to have an economy test 
of all important plants, and there is now 


Fig. 2. Counterweight in Hull of Crane, weighing 250 Tons, 


capstans through steam-operated friction clutches. These 
place the powerful mechanism within easy control of the op- 
erator and make quick handling possible. A pair of cables 
is used for each crane hook; that is, the tackle blocks and 
sheayes are all double, with two complete sets. The rated 
capacity of the crane is 100 gross tons, but it can easily 
handle a larger weight at the extreme ends of the arms, while 
at or near the center of the pontoon it can hoist a still greater 
weight. 
RK 

The pitting of discharge nozzles working under high heads, 
also the tips of cast iron propeller blades, is attributed by 
W. S. Smith in the Jowrnal of Electricity, Power and Gus 
to the liberation of oxygen in a semi-nascent state because 
of reduced pressure. When air is absorbed by water the air 
and water become a solution instead of a mechanical mixture. 
When the pressure on the water is reduced the air separates 
in a condition to readily attack cast iron surfaces. Now it 
is well-known that unless a discharge nozzle is properly de- 
signed there will be portions of it not conforming to the 
natural stream lines. These portions will be areas of reduced 
pressure and here the pitting will occur. The same condition 
holds with the tips of propeller blades. The pitting is great- 
est at the tips where the disturbance of the water is greatest 
and the areas of reduced pressure exist. This seems to be a 
more reasonable explanation than attributing it to galvanic 
action. If galvanic action is the cause of propeller pitting 
it should consistently attack the whole surface instead of a 
limited area near the outer ends. To prevent the pitting ot 
discharge nozzles Mr. Smith advises that they be carefully 
laid out to conform to the natural stream lines for the veloc- 
ity at which they are expected to work. If the velocity is 
variable the nozzle should be designed for the highest velocity, 
since a nozzle that fills then, will continue to fill when the 
velocity is reduced. In regard to the construction, the writer 
of the article advises that the straight section of discharge 
nozzles be bushed with some processed metal on account of the 
difficulty of getting perfect iron castings. 


a great quantity of available information 

upon the subject of steam consumption. 
There is such a variety of information to be found that an 
experienced engineer can usually judge from it what the 
performance of an engine will be under varying conditions. 
This information has been published in the proceedings of 
the various societies, in technical papers and elsewhere, and 
much of it has been collected and arranged for ready refer- 
ence in several of the later books upon the steam engine, 
such as “Peabody’s Thermodynamics” and “Barrus’ Engine 
Tests,” published in this country, and the treatises by Ripper, 
Ewing and Perry in Great Britain. 


Why Theory and Practice Differ. 

As hinted above, the chief reason why the calculated steam 
consumption of the ideal engine falls far below the actual 
consumption of the real engine is because of the interchange 
of heat between the steam and the metal in the cylinder. 

Saturated steam or steam as it is ordinarily supplied by a 
steam boiler, is at the critical point. If it comes in contact 
with a body colder than itself, part of the steam will condense; 
or if it comes in contact with a body ata higher temperature 
than itself, heat will be given to the steam by that body and 
any moisture present in the steam will be evaporated wholly 
or in part. 

When the admission valve of a steam engine opens, the 
steam passes over the cooler surfaces of the ports and pas- 
sages, and impinges against the cylinder heads, piston, etc. 
A large part of the steam is thus condensed, sometimes 50 per 
cent. or more, and usually 30 per cent., forming water before 
the point of cut-off is reached. After the point of cut-off the 
steam begins to expand, and condensation may possibly con- 
tinue for a short time, through contact with the cylinder 
walls; but the action is reversed and the water begins to evap- 
orate again as soon as the steam expands to a temperature 
lower than the temperature of the metal of the cylinder. 
This re-evaporation may be nearly or quite enough to change 
back into steam all the water that was formed by. contact 
with the cylinder walls during the first part of the stroke, but 
there is, nevertheless, nearly always a great deal of water 
present in the steam at the point of release. This comes 
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from the fact that when steam expands and its latent heat is 
converted into mechanical work, part of the steam condenses 
and adds to the water formed by the contact of the steam with 
the cylinder walls. About 20 per cent. of the steam present 
at cut-off would ordinarily be converted into moisture by this 
means. The final result is that when the exhaust valve opens 
the steam contains from 15 to 30 per cent. of moisture. 
During exhaust this water is nearly or entirely evaporated 
and heat is abstracted from the cylinder walls in the process. 
When the exhaust valve closes, part of the exhaust steam is 
encased and is compressed in the clearance space so that this 
space does not have to be filled by the entering steam at 
admission. During compression the temperature and pressure 
of the encased steam rise and the surfaces of the cylinder 
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Tables of Steam Consumption. 

The accompanying tables show the actual steam consump- 
tion of different engines and pumps operating under different 
conditions. The last columns of the tables show the source 
from which the figures were obtained. They are all from 
records of tests and will be convenient for reference. It was 
not the purpose to select record-breaking results in making 
up the tables, but rather to indicate what may reasonably be 
expected from similar engines under good conditions. In 
comparing results with a table of this kind, however, it must 
be remembered that while an engine may run with a small 
steam consumption when it is in good condition and the 
various adjustments, the load, steam pressure, etc., are all 
favorable—such as is usually the case when a test is made— 


TABLE I. ACTUAL STEAM CONSUMPTION OF ENGINES OF DIFFERENT TYPES. 


Simple Engines. 
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Agricultural Soc., eet tee oe INOH-CONG si) 8 Ser. 2s ue sais 5 segs 75 Kent's Pocket Book. 
Blower, S. 8. Minneapolis. . eo iets 2cyl.5x4 16.3 595 77 W. W. White. 
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Single valve, automatic ee oF EEE 8 x 12 32.3 82.4 308 31.2 Barrus’ Engine Tests. 
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Leavitt Dramage Pumping, 
Boston, jacketed, reheater.. ot 25.5 and 52 x 9 ft. 251.5 99 13.2 13.9 |Peabody’s Thermo. 
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Triple Engines. 
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* In these tests the stated horse power is the brake horse power. 


head, piston, steam passages, and more or less of the circum- 
ferential surface of the cylinder become heated, which tends 
to reduce the initial condensation of the steam during the 
next stroke. If this heating effect were complete, it would 
effectually prevent condensation of the entering steam, but, 
~as a matter of fact, there is never enough heat transferred 
from the compressed steam to the metallic walls of the clear- 
ance space to accomplish this result. 

The actions just outlined are the chief reasons for the dif- 
ference between the calculated water consumption of an ideal 
engine and the actual consumption of a real engine, and all 
of the effective means that have been employed to improve the 
economy of the steam engine have been to reduce the evil 
effects of cylinder condensation and re-evaporation. 


under other conditions this same engine may use steam ex- 
travagantly. We will therefore consider some of the most 
important things that affect the steam consumption, either for 
better or for worse. Of first importance, of course, is the 
condition of the engine as regards repair, adjustment, etc. 
The piston and valves must be tight, the valves properly set, 
there should be arrangements for draining water from the 
cylinder, and the full boiler pressure should be realized in 
the cylinder, as nearly as possible. 


Design of the Engine. 
The steam consumption to be expected will depend very 
largely upon the design of the engine. Generally speaking, 
an engine with small clearance spaces is supposed to be more 
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economical than one with large clearance, and while this may 
be true, it is not so much the clearance spaces as it is the 
clearance surfaces that affect the economy. If there is a 
large amount of cooling surface for the steam to come in 
contact with when it enters the cylinder, there will be a great 
deal of condensation and more steam will be required. If, 
however, the valves should set close to the ends of the cylin- 
der, as in the Corliss engine, reducing the surfaces of the 
ports and passages, and leaving only the cylinder heads and 
piston and a small section of the cylinder walls to condense 
the steam, we should expect good economy, even if the clear- 
ance was considerable. Such a condition might exist if the 
piston did not travel the full length of the stroke, leaving 
quite a clearance space at each end, but still exposing quite a 
comparatively small extent of clearance surface. 

The single valve automatic engine, while simple and com- 
pact, loses a little in economy, because of the long ports and 
of the fact that the cool exhaust steam must pass through the 
same passages and the same valve through which the hot 
steam enters. The single valve, also, does not give as good 
steam distribution as when two or four valves are employed, 
with two eccentrics. The main characteristic of the single 
valve is, that the earlier in the stroke it cuts off the steam, 
the greater will be the compression, and at very early cut-off 
the compression becomes excessive, so that it is possible to 
run the engine at this point and thus realize the full benefits 
of the expansion of steam. The compression, however, warms 
up the clearance surfaces and so is not a bad feature for this 
type of engine. 


TABLE II. DIRECT-ACTING PUMPS. 
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Expansive Use of Steam. 

The most important principle in steam engine economy is 
that steam must be used expansively. If the greatest possible 
power is to be developed for a given expenditure of steam and 
coal, the supply of steam must be cut off from a steam engine 
cylinder at some point before the end of the stroke, and the 
steam allowed to do its work during the balance of the 
stroke by virtue of its expansive force, due to its latent heat. 

In the direct-acting steam pump the expansive force of the 
steam is not utilized, and the wastefulness of such pumps is 
clearly shown in the second table. In a pump the steam is 
admitted to the steam cylinder at the beginning of the stroke 
and continues to act against the piston at full boiler pressure 
until it is cut off from the cylinder at the end of the stroke. 
At that point the exhaust valve opens, and the steam which 
fills the entire cylinder, and is at boiler pressure, is blown 
out into the atmosphere. 

In the case of the steam engine, the steam is allowed to 
expand to a pressure at or near atmospheric pressure before 
it is discharged to the atmosphere. If it be supposed that it 
expanded to four times its original volume, the cut-off taking 
place at 4 stroke, there would be only one-quarter as much 
steam used per stroke as in the case of the steam pump, sup- 
posing the two cylinders to be of the same size. It can be 
shown by comparing the theoretical indicator cards for the 
two cases, that the power developed by the engine would be 
about one-half the power of the pump. In other words, the 
pump would develop double the power, but with four times 
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the steam. This affords a crude illustration of the fact that 
steam economy depends in a large measure upon using the 
steam expansively. 

No rules can be given telling how far to carry the expan- 
sion, in any case. It is generally considered that the best 
results, with simple non-condensing engines, are obtained 
when the cut-off is at about one-third stroke; and with sim- 
ple condensing engines, with the cut-off at from one-sixth to 
one-quarter stroke. Varying degrees of expansion are used 
with compound engines, the point of cut-off in the high-pres- 
sure cylinder being adjusted to give from 12 to 20 expansions 
in both cylinders. 


Variation in the Point of Cut-off. 

It ig not economical to operate an engine when it is over- 
loaded, or, on the other hand, when it is too large for the 
work it has to do, because the point of cut-off will come 
either too late or too early in the stroke for the economical 
use of the steam. If too early, there will be an increased loss 
from cylinder condensation, and if too late, the expansion 
of the steam will not be so complete as it should be. When 
an engine is running under these conditions it is better, if 
possible, to change the steam pressure or else the speed of 
the engine so as to allow the point of cut-off to be more 
nearly at its correct position. 

The extent of the losses due to a variation in the point 
of cut-off is shown by the results of tests made by George 
H. Barrus and recorded by him in his “Engine Tests.” Tests 
were made upon Corliss engines of medium or large size and 
he found that the amount of condensation and leakage, taken 
together up to the point of cut-off, was 60 per cent. ‘of the 
steam consumed when the cut-off wat at 5 per cent. of 
the stroke; 45 per cent. with the cut-off at 10 per cent. of the 
stroke; 35 per cent. with the cut-off at 15 per cent. of 
the stroke; 30 per cent. with the cut-off at 20 per cent.; 20 per 
cent. with the cut-off at 30 per cent., and 15 per cent. with 
the cut-off at 40 per cent. 

While the percentage of losses from these sources is thus 
found to decrease as the point of cut-off grows later, the 
total condensation may be as much, or more, with a late cut- 
off as with an early cut-off, owing to the larger quantity of 
steam used when the cut-off is late in the stroke. Of the two, 
it is better to operate an engine with too heavy a load than 
with too light a load, as far as the consumption of steam is 


concerned. 
Running Condensing. 


The safest and surest way of improving the operation of 
an -overloaded- engine is to add a condenser. The gain in 
economy resulting from the use of a condenser may be as- 
sumed to be from 20 to 25 per cent. when account is taken 
of the steam consumption of the engine only. When meas- 
ured by the quantity of coal burned under the boiler the 
gain will be less than this, because it is not possible to heat 
the feed water to so high a temperature by means of the 
exhaust steam when a condenser is used as when the engine 
is running non-condensing. 


Speed of an Engine. 

It has been demonstrated by experiment that when the reta- 
tive speed of an engine is increased, the quantity of steam 
used per horse power per hour will decrease. This is because 
there is less time for the transfer of heat between the cylin- 
der walls and the steam and also for the loss of heat through 
radiation. Tests made upon a Willans non-condensing engine, 
with steam at 90 pounds pressure, show a decrease in steam 
consumption of from 27 to 24 pounds as the speed increased 
from 122 to 400 revolutions. A great many tests of a similar 
character have been made -by-Mr.—Willans- confirming these 
figures. The fact that many high-speed engines are not as 
economical as engines of slower speed, is no indication of the 
effect of speed on economy. The losses in high-speed engines 
are due to other causes and would be greater were the engines 
to run at slower speed. 


High-pressure Steam and Compounding. 

Both theory and practice show that increased economy in 
the use of steam can be obtained by using higher steam pres- 
sures. This is because there is more heat in high-pressure 
steam available for doing work, in proportion to the amount 
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of heat required to generate the steam, than is the case with 
low-pressure steam. Also there is a smaller percentage of the 
steam used in doing useless work. Part of the power of an 
engine is absorbed in overcoming friction and in moving the 
piston against the atmospheric pressure of 14.7 pounds. These 
two factors are constant quantities, being practically the 
same, whether the engine is developing a large or small 
amount of work. With high-pressure steam, therefore, a 
smaller percentage of the total pressure is required to do this 
useless work. 

There is no gain, however, in using extremely high-pressure 
steam in a single cylinder engine, because of the loss from 
condensation due to the extreme ranges of temperature that 
would result. When very high pressures are to be used, 
compounding must be resorted to in order to keep the tem- 
perature ranges in each cylinder within reasonable limits. 

In Peabody’s “Thermodynamics” is the following statement 
of the steam pressures that may be used with good results 
and also of the gain that may be expected from compounding, 
which latter allows the use of higher pressures: 

“For a simple non-condensing engine the steam pressure 
may be 100 to 115 pounds above the atmosphere, and for a 
compound engine the pressure may be 150 pounds, while for 
a triple engine the pressure may be 175 pounds or possibly 
somewhat more. The gain from compounding will be 20 to 
30 per cent., and the gain from using a triple instead of a 
compound engine will be 5 per cent., or perhaps a little more. 
For simple condensing engines there is no advantage in using 
more than 80 pounds steam pressure, while compound con- 
densing engines may advantageously have the pressure raised 
to 135 pounds above the atmosphere. The gain from higher 
steam pressure and compounding will be 25 to 30 per cent. 
The best pressure for triple engines cannot now be deter- 
mined from experiments; it is, however, doubtful if there is 
any advantage in using more than 175 pounds above the at- 
mosphere. Such a further increase of pressure and the use 
of a triple instead of a compound engine may be expected to 
give 8 or 10 per cent. better economy.” 

The above explanation and comments are intended to give 
a general idea of some of the principles of steam engine econ- 
omy. The fact that the steam consumption of an engine is 
affected by the clearance surfaces, the speed, the pressure of 
the steam, etc., shows that no table can be given which will 
be an absolute guide in determining what the steam consump- 
tion of an engine should be. In this, as in nearly everything 
else, experience and study alone can help one in arriving at 
correct conclusions. There are various other expedients used 
to improve the economy of steam engines, such as steam jack- 
ets, re-heating receivers, superheating the steam, etc. Of 
these the latter is probably the most important and during 
the next few years will probably be introduced in many of 
our best steam plants. The results obtained will be awaited 
with much interest. 

4 ae ag 


THE ELEMENTS OF CUTTING TOOL ACTION. 

Sketch No. 1 represents an end view of a piece of tool 
steel cut from a bar and applied to the work. ‘The left 
face of the tool coincides with the end of the cylinder on the 
line a—b, and it is evident that no amount of pressure in the 
direction c—a will make the tool cut. If the top face of the 
tool is cut down so as to present the angle d—a—c (sketch 
No. 2), the left face remaining the same as before, the 
conditions then obtained still exist and the tool will not 
cut. If, on the other hand, we cut away the left face so as 
to present the angle b—a—c (sketch No. 3), it hardly needs 
demonstration to show that although the tool will not cut 
cleanly, it can be made to remove metal by a scraping action. 

By cutting away the tool on both the top and left 
faces, we present to the work a shape shown in sketch No. 4; 
and it is clear that our tool will not only cut, but will do it in 
a manner somewhat similar to the action of a knife in a piece 
of wood. 

As a result of the above experiments, it is demonstrated 
that cutting away the face adjacent is absolutely essential, 
and the more the top face can be beveled down, the easier 
will be the cutting action. From this we conclude that the 
angle b—a—c should not be greater than is necessary to 
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allow the tool to enter the work; so the angle d—a—c can 
be made as large as is possible without a dangerous reduction 
of the edge of the tool. Practical work shows that the greater 
the angle d—a—c, the larger will be the spiral into which the 
chip is rolled, showing less bending of the chip after cutting 
than would be the case with a smaller angle. Experiment 
has shown that more power is consumed in bending the chip 
than in the actual cutting; therefore, the greater the angle 
d—a—c, the less the power consumed, and owing to the 
clean cutting, the better the surface produced. The angle 
below the tool, b—a—e, I call the angle of clearance; the 
angle above the tool, d—a—c, the angle of rake; the angle 
d—a—e, the solid or cutting angle. 


Elements of Cutting Tool Action. 


It will be noticed that the line a——c is normal to the work 
surface at the cutting point, and is at right angles to @ WS 
therefore the sum of the three angles is always 90 degrees. 
The angle of clearance should be a4 minimum and not ex- 
ceed 10 degrees; the angle of rake should be a maximum 
and not less than 20 degrees; the solid or cutting angle, with 
the rake and clearance values given above, would be 60 
degrees. These values are approximate only, and are varied 
to suit the metal being cut, the grade of steel in the tool, 
and the speed of cutting. 

In Fig. 5 the tool is in operation on a surface of revolution 
instead of on a flat surface, but when set so as to advance 
along a line passing through the axis of rotation the action 
is the same as when the tool is applied to a flat surface. 

Any change in setting will change the values of the rake 
and clearance angles only, as it is evident the solid or 
cutting angle cannot be changed by moving the tool. In Fig. 
6 can be seen the effect of setting a tool too high. The 
tool and work are the same as in Fig. 5, but, by setting the 
tool above the center, the angle of clearance is decreased 
and that of rake correspondingly increased. In this position 
the tool will cut, but as the tool advances the angle of clear- 
ance is lessened until the line a——b coincides with the face 
a——e of the tool, when clearance disappears and the tool 
ceases to cut. 

Setting the tool below the center will result in increased 
clearance and decreased rake. Advancing the tool will in- 
crease the angle of clearance, thereby weakening the tool, 
and will decrease the angle of rake, changing the cutting ac- 
tion to scraping and finally to rubbing, when the tool will 
cease to remove metal. 

The diamond point tool has the rake of the side tool com- 
bined with that of the round nosed tool, or, in more techni- 
cal terms, it has side rake and front rake. When used for 
roughing cuts, it should have more side rake than. front 
rake, but when used for finishing, the reverse is true, as 
there is little metal to be removed and the chip is bent less 
by allowing it to come well to the front.—From paper read 
by F. W. Turner before the N. E. Asso. of Teachers of Metal 
Work. 


* * * 


Work has been begun upon the construction of a steel road 
way on Murray Street, New York City, which will extend 
from Church St. to Broadway. This road is made of two 
parallel lines of 12-inch by 314-inch steel channels laid, flange 
downward, 5’ 6” apart, c. to c., on a bed of broken stone, 
The web of these channels, which in this case forms the top. 
has on each edge a slight rounding flange to keep the wheels 
of the vehicles on the tracks. 
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SPECIFICATIONS FOR ELECTRIC MOTORS FOR 
OPERATING NAVY YARD MACHINERY. 


The Bureau of Construction and Repair of the U. S. Navy 
Department in January, 1902, issued the following specifica- 
tions for electric motors for operating navy yard machinery. 
Some adverse criticism, we learn, has been directed. against 
certain features, and we have been requested to publish the 
specifications for the benefit of machine tool builders and 
others having to do with electric motor equipment. We have 
submitted them to a number of the leading electrical manu- 
facturing concerns, but so far have received no unfavorable 
comments. The Crocker Wheeler Co. commend them, saying that 
while they are closely drawn, as are all Government specifica- 
tions, they require nothing more than can be met easily by 
the better class of electrical manufacturers. The Bullock 
Electric Manufacturing Co. merely suggested that the effici- 
encies should be determined according to the rule of the 
American Institute of Electrical Engineers: 

1. Motors to be direct current of three types: 

(a) Open. 
(b) Semi-enclosed. 
(c) Enclosed. 

(a) Open type motors may be of any desired design such 
that the brushes and commutator are readily accessible and all 
parts free to good ventilation. 

(b) Semi-enclosed motors are to be of such design that all 
parts are completely protected from external mechanical in- 
jury, and all openings into the interior of the motor are to be 
covered with perforated metal or wire mesh covers arranged 
to secure the best possible ventilation and by their removal 
allow access to the commutator and brushes. 

(c) Enclosed motors are to be entirely enclosed and dust- 
proof, but provided with removable covers to allow access 
to commutator and brushes. 

Ordinary open type motors provided with separate housings 
will not be accepted as enclosed motors. 

2. Armatures must be of the iron clad type and have form 
wound coils, easily removable for repair, except that motors 
of less than 7 H. P. may have hand wound armatures if de- 
sired. 

3. Commutators must be of pure hard drawn or drop forged 
copper. Cast segments will not be accepted. Segments to be 
insulated with mica of such hardness as to wear even with 
the copper. 

4. Brushes are to be of carbon and not to carry more than 
35 amperes per square inch at full load. The brush holder 
springs shall not be depended upon to carry current. In mo- 
tors of 5 H. P. and above, brush holders are to be separately 
adjustable for tension without tools, and simultaneously ad- 
justable for position. In motors below 5 H. P. these adjust- 
ments are not required. Brush holders to be of such de- 
sign that by very slight changes in the relative position of 
their parts the rotation of the armature may be in either di- 
rection with equal satisfaction; also the angle of the brush 
to the commutator not to change as the brush wears down. 

5. Bearings to be lubricated by self-oiling rings; to have 
oil reservoirs of ample capacity provided with means for 
visually determining the amount of oil in same and with 
means for drawing off oil. Satisfactory means to be provided 
to prevent oil from running along the shaft on being spilled. 

6. A name plate to be attached to the motor frame stamped 
with the rated H. P. volts, amperes and speed, and sufficient 
data to permanently identify the motor in the records of the 
manufacturer. 

7. Di-electric strength of insulation is to be tested in ac- 
cordance with the rules of the American Institute of Electrical 
Engineers. 

8. Open motors must run from no load to full load; semi- 
enclosed motors from no load to 10 per cent. overload; and en- 
closed motors from no load to 25 per cent. overload, without 
sparking and without shifting the brushes. Motors to run at 
all rated loads and speeds without vibration and without undue 
noise. 

9. Motors are to be tested at the works of the maker in the 
presence of an inspector and are to run for a continuous pe- 
riod of 6 hours at full rated load, speed and voltage, without 


MACHINERY. 


December, 1902. 


the temperature rise above the surrounding air exceeding the 
following limits for the different types of motors: 


Open Semi- Entirely 

Part. Motors enclosed. Enclosed 

Field coils by resistance............ 50 55 55 
Armature, commutator, and all other 

parts by thermometer............ 45 50 55 


All rises are in centigrade degrees. The temperature rise 
of the field coils is to be measured by the resistance method 
according to the rules of the American Institute of Electrical 
Engineers. All other temperatures are to be measured by 
thermometer. Temperature rise of bearings in no case to ex- 
ceed 40 degrees. Semi-enclosed and enclosed motors are to 
be run with all their covers on. 

During the 6-hour heat run no adjustment of brushes, clean- 
ing or dressing of commutator, or similar attentions are to be 
performed on the motor, but after being once put in proper 
running condition it must complete a satisfactory run without 
further attention. 

10. Motors are to stand the following overloads: 


Overload for Overload for 


Type One Hour. Three Minutes. 
OPCH. Ayes eee 25 per cent. 40 per cent. 
Semi-enclosed .......... 35 per cent. 60 per cent. 
HNClOSCUa Rane ee ene 50 percent. 100 per cent. 


The one-hour overload is to be run without injurious spark- 
ing, or heating of the commutator more than 15 deg. C. above 
the allowed rise for full load for 6 hours, and may be started 
with the motor cold if desired. The three-minute overload is 
to be run without injurious heating, or flashing over or burn- 
ing of the commutator or brushes, and is to be made within 45 
minutes of the end of the six-hour heat run. 

11. The full load efficiencies of motors to be at least as fol- 


lows: 
Enclosed and 


ie? Open. Semi-enclosed 

2 78 per cent. 75 per cent. 

5 83 per cent. 80 per cent. 
10 86 per cent. 84 per cent. 
15 87 per cent. 85 per cent. 
25 89 per cent. 87 per cent. 
40 90 per cent. 88 per cent. 


Intermediate sizes to have proportionate efficiencies. Effi- 
ciencies to be taken with motor hot at end of heat run. 

12. Controlling panels, unless otherwise specified, to con- 
sist of an enameled slate panel containing the following: 

Line switch and enclosed non-arcing fuses. 

Starting rheostat with automatic no-voltage release. 

Adjustable overload circuit breaker. 

For motors above 10 H. P., a single pole circuit breaker of 
approved construction entirely separate from the starting 
arm is to be used. 10 H. P. and under, may, if desired by the 
contractor, have the circuit-breaking device constructed as an 
interlocking part of the starting mechanism, but having the 
arc rupturing parts entirely separate from the starting arm. 
In no case will an overload device which operates by short 
circuiting the no-voltage release magnet be accepted. On any © 
panel a double pole circuit breaker having each side indepen- 
dent as regards closing, may be used, and the line switch 
omitted, at the option of the contractor. 

The resistance coils are to be mounted on the back of the 
panel and are to be entirely enclosed and dust proof. 

13. All material and workmanship to be of the best quality 
and any defect due to defective design, material or workman- 
ship, which may develop during the first year after delivery, 
to be made good by and at the expense of the contractor. 

14. Bidders are to state in their proposals the manufacture 
of the motors and controlling panels they propose to furnish, 
and are to submit drawings, prints, photographs, or other 
illustrations from which a clear idea may be obtained as to 
their general construction. If bidders can guarantee their 
machines to give in any particular a better performance than 
required by the specifications, such fact should be stated in 
the bid. , 

* * * 

It is estimated that in the whole world more than 1,000,000 
telegraphic messages are sent each day. The total length of 
the conducting wires would be sufficient to encircle the earth 
150 times at the equator. 
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ENGINEERING REVIEW. 


A SYNOPSIS OF CURRENT TECHNICAL LITERATURE. 


APPLICATION OF EXPANSION TO RAILWAY WRECKING. 
The Engineer, November 1, 1902. p. 730. 


One of the most important things which must always be 
taken into consideration in engineering work is the expan- 
sion and contraction of materials under the action of heat. 
Who has not noticed the gap between the ends of the rails on 
a railway line? In winter these gaps will be over a quarter 
of an inch wide, while on a hot day in summer, they will be 
almost closed. During one of the wars in South America, one 
of the belligerents conceived a unique method of train-wreck- 
ing. During the night he drove steel wedges into these gaps 
for a considerable distance. The heat of the sun next day 
caused the rails to expand, and they twisted themselves clean 
out of the chairs which clamped them to the sleepers, and the 
railway was rendered completely useless for traffic. 


SOME MACHINE DESIGN IDEAS BY PROF. SWEET. 
American Machinist, November 6, 1902, p. 1586. 


Regarding the development of the engine lathe as a machine 
tool, no one seemed to dare to make any radical improve- 
ments all at once. First it was “new pattern heavy lathe,” 
then some one thought to make the main bearings larger and 
longer, and advertised the fact. The next man followed, 
doing the best thing he could by making it larger and the 
worst thing he could do, at the same time, by making it 
longer. In the next twenty-five, or it may be only ten years, 
someone will have the courage to make his lathe main bear- 
ing 6 inches big and 6 inches short. 

When someone makes the milling machine with a spindle 
as large as the cutter it is to drive, and a gear in proportion, 
and a cutter supported close up to its sides; or a traversing 
machine for carrying end mills with a 12-inch spindle and a 
12-inch inserted tooth cutter with blades made of 1%-inch 
steel, it will begin to look like the milling machine doing the 
work of the planer. 


STEEL DRIVING WHEEL CENTERS CAST WITH SOLID 
RIMS. 


American Ingineer and Railroad Journal, November, 1902. 
p. 349. 

The general practice in steel foundries, is to cast steel 
locomotive driving wheel centers with the rims cut in several 
places in the periphery to allow for contraction in the mold and 
shrinkage stresses. The ends of the rim sections are after- 
wards slotted out in the machine shop and wedges driven in, 
making the rim practically solid so far as resisting the com- 
pression of the tire. It is obvious, however, that it would be 
preferable to have steel centers cast with the rims entire; 
the wheel center would be stronger and machine work and 
fitting would be saved. 

Mr. S. S. Prince, Jr., superintendent motive power of the 
P. & R. R.R. has designed a steel wheel center to be cast 
with uncut rims. To provide for the shrinkage of the casting 
in the mold, the spaces between the spokes are packed with 
sawdust, which offers an elastic resistance to the contracting 
forces. To make the molder’s work simpler the pattern is 
made with the draft all in one direction, the draft being 
toward the outer face of the wheel center, so this side: is 
molded downward. 


METHOD OF TREATING BUFFINGS. 
Aluminum World. 1902. 


In many places where copper, brass, or nickel are buffed 
with cotton buffing wheels, it has been a problem to know 
what to do with the waste products which fly off. They were 
formerly thrown away, but in the present economical age are 
sources of some revenue. If allowed to remain in heaps they 
not only require a large amount of space, but the danger of 
spontaneous combustion is auite a serious one. 

Erwin 8S. Sperry says that one manufacturer has solved the 
problem, as far as he himself is concerned, in a manner some- 
what out of the beaten path. He is a brass manufacturer, 


and makes his brass in crucible furnaces. Every night after 
the furnaces have been dumped, the ashes removed, and the 
grate bars replaced, he fills the pot holes with buffings and 
allows the combustible matter to burn off. The fire brick 
walls of the furnaces usually remain red hot for some time 
after the fires have been dumped. This not only serves to 
ignite the buffings but aids the combustion as well. The 
ashes, consisting of the metal in a finely divided condition, 
and, of course, the products of combustion, drop down into 
the pit. They are compact, however, and can be put into 
barrels without any danger of spontaneous combustion. The 
ashes are valued according to their content of copper and are 
always a marketable product. A process of this kind for 
treating buffings is an excellent method and is very economical 
as it utilizes the waste heat of the furnaces. 


ELECTRIC POWER IN ROLLING MILLS. 
Western Electrician, November 1, 190, p. 307. 


Electric motors are now used in many of the large rolling 
mills of Europe, where their operation has proved very suc- 
cessful. The Nordisk mills at Stockholm have been using 
electric power for some time past. Here a large plate-rolling 
mill and a smaller mill are both driven by the same 
motor. The large mill has a set of rolls 28 inches in diameter, 
with table lengths of four and six feet. In this case it was not 
found practicable to drive the rolls directly by motors, but 
instead a mechanical device is used for driving and reversing 
the movement, and a friction clutch gives a progressive 
movement and avoids shocks. The plant is driven by a direct- 
current motor of 350 horse power working at 320 revolutions 
per minute. The motor is belted by wire rope to a 30-ton fly- 
wheel, which runs at 150 revolutions. The flywheel is mounted 
on the main shaft, from which the two rolling mills and the 
mechanism of the tables are operated by gearing. A friction 
clutch is used to throw off the smaller mill and allow the 
larger to work alone. This plant has been running for some 
time past and this method has many advantages over the 
old one. 

Another application of electric motors to operate steel-plate 
mills is found at the Antwerp Steel Works, where a plant 
has been lately installed. The current is furnished from 
the new central station erected by the Antwerp Electric 
Company near the city—a large plant which is to produce 
25,000 horse power from blast-furnace gas. This company 
will furnish current for the different industries in and near 
Antwerp, and one of the first is the Antwerp Steel Works, 
for which are used two generating sets giving three-phase 
Westinghouse alternators are used here, giving 1,500 
horse power each at 2,200 volts. At the steel works both 
high and low tension are used for the motors. A number 
of small motors drive different apparatus, such as traveling 
cranes, shears, small rolls, etc., and these all take current 
at 200 volts, which is fed trom transformers. The large rolls, 
however, use the main current at 2,200 volts without trans- 
formation, employing non-synchronous motors which work at 
variable speed. One of the largest rolls, turning at 70 revolu- 
tions, and having a 30-ton flywheel, is operated by belt from 
a 325-horse power motor, and a second roll, the heaviest in 
the plant, has a 450-horse power motor. The two motors are 
lodged in the same cabin, placed between the two mills. The 
controlling apparatus is mounted on an elevated platform, 
where the operator has a view over the whole shop. 


current. 


LONG BOILER TUBES DO NOT VIBRATE. 
Locomotive HKngineering, November, 1902, p. 484. 


One of the objections urged against the use of long tubes 
in locomotive boilers, was that they would tend to vibrate 
when the engine is working, and thereby loosen themselves 
in the tube sheet. So when some of the fast Prairie type 
(2-6-2) passenger locomotives on the Lake Shore & Michigan 
Southern R. R. began to give trouble because of leaky tubes, 
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it was suspected that it might be caused by the length of 
the tubes, which were 19 feet 6 inches long and 2% inches 
diameter. To determine the facts in the case, Mr. S. K. 
Dickerson, the master mechanic at Collinwood, O., made 
an experiment which will be of interest. 

Acting under instructions, Mr. B. F. Kuhn, general fore- 
man, made the experiment. One of the top tubes was selected 
and over its center a hole was drilled in the boiler shell, into 
which a plug with stuffinge-box was screwed. The tube itself 
was tightly grasped by a band of iron %-inch wide by 14-incb 
thick, the ends of which were bolted together with a filler 
between, much as an air brake hose clip clamps the rubber 
to the nipple. Into the small filling piece was tapped the end 
of an iron rod, which passed out through the plug with the 
stuffing-box in the boiler shell. The end of the rod projected 
above the top of the stuffing box, about two inches, and when 
in normal position with steam on the engine, a gage was 
made to correspond with the top of the projecting rod. Any 
vibration or deflection of the tube, would therefore be at once 
visible in the altered height of the projecting rod end. The 
tube itself being 19 feet 6 inches long, had, of course, a 
slight normal deflection, due to its weight, but when the 
engine was working hard, the indicator rod was observed te 
sink down 3-16 inch, and to remain steadily in that position 
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Fig. 1. Test for Boiler Tube Vibration. 


without vibration or tremor of any kind. As the engine was 
worked lighter, the indicator rod rose correspondingly, but 
in no case indicated any vibration of the tube in the boiler. 
When a stop was made at a station the indicator rod came 
up to normal. The stuffing box, all through the experiments, 
was adjusted loosely enough to leak steam so that the indi- 
cator rod could not possibly act as a stay or steady-rest for 
the tube. The tube did not vibrate, but it sagged down in the 
center the harder the engine was worked, and tended to 
straighten itself out when the engine was worked lighter or 
came to rest. 

The explanation of this action which the Lake Shore people 
give is that the tube naturally sags slightly in the center on 
account of its weight, and when the engine worked hard, a 
greater quantity of heat passed into the tube in order to 
generate the larger volume of steam needed for climbing a 
grade or making up time, as the case may be. This greater 
amount of heat expanded the tube, and it being fixed at both 
ends and slightly sagged in the center, sagged still more, 
under the action of heat as indicated by the lowering 
of the top of the rod. They argue that had the tube been 
originally cambered, the indicator rod would have been pushed 
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up when the engine was worked hard. They account for the 
tubes leaking by pointing to the greater work done by the 
tube in transmitting to the water the extra heat when the fire 
was forced, and the general ‘punishment’ sustained by all 
tubes when heavy work is being done. 


THE ADAPTABILITY OF THE TURBINE TO SUPERHEATED 
STEAM. 


Detroit Meeting of the American Street Railway Association, 
October 8-10, 1902. 

It is a clearly defined principle of thermodynamics that 
the greater the range between the initial and final tempera- 
tures of: the working fluid employed in a heat motor, the 

T.—T, 
That is in the equation H= bee 
1 


greater its efficiency. 


in which 
E = efficiency, 


T,= absolute initial temperature, 
T., = absolute final temperature. 

In the case of the steam engine the absolute initial temper- 
ature is the temperature of the steam at boiler pressure + 460 
degrees, Fahrenheit scale. For a boiler pressure of 120 pounds 
gage this means a temperature of about 350 + 460 —810 de- 
grees, or T,. If the exhaust has a back pressure of, say 2 
pounds gage, the final temperature is about 219 + 460—679 
degrees F., or 7. Therefore 7',—T.+T,—= 810—679 + 310 = 
16.2 per cent. theoretical efficiency, nearly. 

To secure a greater range of temperature in the steam 
engine without increasing the boiler pressure, it is necessary 
to superheat the steam; that is, to impart to it a greater tem- 
perature than it will acquire while in contact with the water 
from which it was evaporated. Superheated steam greatly 
increases steam engine economy for two reasons: The first 
is that the temperature range is increased, and the second is 
that the losses from internal condensation are reduced be- 
cause superheated steam does not yield its heat so readily to 
the cylinder walls. But there are serious difficulties arising 
from the use of superheated steam in the reciprocating en- 
gine. It is difficult to find a lubricant that will stand the high 
temperature and at all times prevent abrasion of the working 
surfaces. The high temperature also tends to change the 
shape of the valves and thereby induce leakage. So in the 
superheated steam engine the two serious evils to be over- 
come are abrasion of the working surfaces and the leakage 
caused by badly fitting valves and pistons. It is quite evident 
that this evil rapidly increases with an increase of tempera- 
ture and that there is soon reached a temperature above 
which it is not practicable to go. The superheated steam 
engines of the New York Edison plant use steam at a temper- 
ature of about 575 degrees, and while there are Huropean 
engines that employ temperatures still higher, this may be 
regarded as about the practical limit. 

With the steam turbine, however, the range of superheating 
is limited practically only by the limit of the superheater. 
There are no rubbing surfaces so that the matter of lubrica- 
tion does not need to be considered, nor the effect of high 
temperature on closely fitted surfaces since they are not pres- 
ent in the steam turbine. 

At the Detroit meeting of the American Street Railway As- 
sociation a paper was read on the steam turbine, and in the 
discussion following, Mr. C. O. Mailloux of New York said 
in reference to the possibility of using superheated steam in 
the turbine: 5 

“T have had occasion to design large plants in which I have 
seriously considered the question of using superheated steam, 
and found, much to my sorrow, that in many of the engines, 
as at present constructed, there is a limit to the temperature 
that can be allowed in high-pressure steam. When you reach 
very high temperatures lubrication becomes almost impossible. 
With a steam turbine, on the contrary, there is no limit to 
the temperature of superheating that you may attain. Its 
only limit is the melting point of the material of which the 
engine is made. I see no reason why you could not run a 
steam turbine at a point where it would be cherry red, and 
glow in the dark, if there was any advantage in it. Of course, 
we all know there is a great advantage in superheating 
steam.” 
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GREASE LUBRICATION OF LOCOMOTIVE DRIVING BOXES. 
American Engineer and Railroad Journal, November, 1902. 
p. 356. 

One of the most annoying and troublesome difficulties of 
railroad operation, and at the same time one of the most mys- 
terious, is the occurrence of hot boxes. They are often pro- 
duced by well known causes, and perhaps oftener by causes 
which are not known or understood. The latter are apparently 
not to be guarded against by usual methods. It is reasonable 
to suppose that a properly lubricated journal will not heat and 
that when one does heat it is because the surfaces for some 
reason become dry. Locomotive driving boxes present a diffi- 
cult problem in this respect, and in spite of all that has been 
done to avoid it they often give trouble and sometimes with 
serious results. Many devices have been tried for relief and 
yet hot journals continue. There seems to be no sure way ot 
lubricating driving boxes with oil to insure freedom from 
heating. 

If grease can be substituted for oil in this case, applied at 
the bottom of the journal, with no openings at the top of the 
bearing, there is reason to hope that relief may be found. 

Fourteen locomotives of the D. L. & W. R.R. have been 
equipped with hard grease lubricators for the driving axles, 
substantially as shown in Fig. 2. The principle is essentially 
the same as that of grease oil cups for ordinary bearings, but 
the application to locomotive driving axles is a decided nov- 
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Fig. 2. Hard Grease Lubrication for Locomotive Driving Boxes. 


elty, and one that is a pronounced success. The grease is 
molded into cakes shaped to fit the cellars and with the 
upper surfaces concaved to fit the journals. The upper sur- 
face is faced with a perforated plate, through which the grease 
is forced by a spring bearing against a follower plate on the 
under side. This follower plate is made an easy fit in the 
cellar so the spring is free to press the grease cake against 
the wheel. An indicator pin is attached to the bottom of the 
follower and projects through the bottom of the box to show 
the amount of grease left of the cake. When the end of the 
indicator wire is flush with the bottom of the cellar, there is 
still 34 inch of grease in the cake in the shallowest part. 

As regards the economy of the innovation, one 4-wheel con- 
nected locomotive is quoted that has had an average of 9 
pounds 8 ounces applied to each box, and, according to the 
consumption to date this amount should suffice for 50,000 
miles with enough left for 10,000 miles which is the margin 
provided for safety. This means that the cost of the driving 
axle lubrication, is only 4.8 cents per 1,000 miles as against 58 
cents for oil, and there have been no hot boxes. The same 
device has been applied to truck axles, and there seems to be 
no good reason why it cannot with equal profit be applied to 
car axles. This improvement in axle lubrication has been 
worked out under the direction of A. G. Elvin, master me- 
chanie of the D. L. & W. R.R. shops at Scranton, Pa. 


FLY-W HEEL AND BOILER EXPLOSIONS COMPARED. 
Monthly Bulletin of the Fidelity and Casualty Co., November, 
iD.O2 ee eli. G2 

The influences that bring about fly-wheel explosions are 
in some respects very similar to those that produce boiler 
explosions, says Wm. H. Boehm. 
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In the case of boilers, steam exerts a radial force acting on 
the shell of the boiler, and whenever the steam pressure, 
either through accident or negligence, increases sufficiently, 
the radial force bursts the shell with great violence. In the 
case of fly-wheels, speed exerts a radial force acting on the 
rim of the wheel, and whenever the speed, either through 
accident or negligence, increases sufficiently, the radial force 
bursts the rim with great violence. In both cases the direc- 
tion of the forces is the same, since they both act from the 
center toward the circumference. In the case of boilers 
steam exerts the radial force that produces an explosion. In 
the case of fly-wheels speed exerts the radial (centrifugal) 
force that produces an explosion. These influences are widely 
dissimilar in other respects. 

In the case of boilers the force tending to burst the shell 
increases directly with the steam pressure. Doubling the 
steam pressure, for example, doubles the force acting on the 
shell. In the case of fly-wheels the force tending to burst 
the rim increases with the square of the speed. Doubling 
the speed, for example, quadruples the force acting on the 
rim. In the case of boilers their strength may be increased 
by increasing the thickness of the shell. If we double the 
thickness of the shell, for example, we double the strength of 
the boiler. In the case of fly-wheels increasing the thickness 
of the rim does not increase the strength of the wheel, because 
the weight thus added also increases the centrifugal force, 
leaving the wheel no stronger than before. 

Fly-wheels are intended primarily to prevent sudden fluctua- 
tions of speed, although they usually carry a belt and thus 
serve as a driving wheel as well as a fly-wheel. Their capacity 
to regulate speed fluctuation depends upon their weight and 
speed. If, for example, we should double the speed of a 
wheel, we would require only half as much weight to secure 
equally efficient speed regulation. Inasmuch as the cost of 
a wheel depends directly upon its weight, it is common prac- 
tice to run fly-wheels at the highest possible speed in order 
to save weight and economize in cost. What then is the high- 
est speed at which fly-wheels may be run with safety? Evi- 
dently there is a danger limit for every wheel, regardless of 
the amount of material it contains. For wheels made in 
sections this limit depends upon the efficiency of the rim 
joints as well as upon the kind of material of which the 
wheel is made. For cast iron wheels as ordinarily constructed 
a rim speed of a mile a minute is the limit for safety. The 
following table is given stating the number of revolutions 
per minute for cast iron wheels, from one foot to thirty feet 
in diameter, at which the danger limit is reached. 


Diameter Danger limit, Diameter Danger limit, 
of wheel revolutions of wheel revolutions 
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Table giving the number of Revolutions per minute at which the Rim Speed for 
Cast Iron Wheels reaches the Danger Limit of one mile per minute. 
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FAST STEAMERS FOR THE CUNARD LINE. 
Scientific American, November 1, 1902, p. 286. 


Plans have been submitted to various shipbuilding firms 
by the Cunard Steamship Co. for building two monster 
steamers to have a speed of 25 knots (28.8 miles) per hour. 
While it is not yet positively known, it is believed that these 
vessels will be 750 feet long, 75 feet beam and have engines 
of 50,000 horse power. It is not likely that the steam turbine 
will be seriously considered as it will be thought that too 
much is at stake to risk fitting two such costly vessels with 
a comparatively new type of prime mover. Hence it is prob- 
able that the great horse power of these ships will be 
developed in vertical, quadruple-expansion reciprocating en- 
gines; and the question which is now under consideration 
is whether this power shall be developed upon two or upon 
three shafts. If twin screws are used the proportions of 
propellers, shafting and engines would be enormous, since 
they would have to develop and carry probably not less 
than 25,000 to 27,000 horse power each. There is absolutely 
no precedent for such sizes and weights, the largest twin en- 
gines at present being those of the Deutschland, which, when 
the boilers have been steaming freely, have developed as high 
as 38,000 horse power, or 19,000 on each shaft. The new 
Kaiser Wilhelm II., it is true, is to have engines of 40,000 
horse power, or 20,000 upon each shaft, and in actual service 
they are likely to develop as much as 44,000, or say 22,000 
on a single shaft. 

It is natural that the Cunard Company in its endeavor to 
keep down the sizes of the separate engines should turn 
to the triple-screw system of propulsion. By so doing each 
shaft would have to carry only 17,000 or 18,000 horse power, 
or less than is now carried in the case of the Deutschland. 
The objection to triple-screws is the very obvious one that 
the engine room staff would have to be greater for three 
engines than for two. But with this exception, it may be said 
that practically every other argument is favorabie to the use 
of triple-screws. In the first place, judged from the all-import- 
ant standpoint of safety of travel, there is less risk of total 
disablement in a triple than in a twin-screw ship. If one en- 
gine should be disabled only 383 per cent of the power is 
lost, and the ship still has 66 per cent with which to make 
port. The individual parts of the engine are much lighter, 
and hence it is easier to overhaul the engine in port, or, in 
the case of a breakdown, to make repairs at sea. Although 
it might seem at first that more of the ship’s space will 
be taken up by three engine rooms than by two, the difference 
is not so great as might be supposed, inasmuch as the center 
engine would be located on the center line of the ship, astern 
of the wing propeller engines, and would occupy space in the 
least desirable portion of the ship from the standpoint of pas- 
senger accommodation. Admiral Melville, Chief of the Bureau 
of Steam Engineering of the U. S. Navy, is a strong advocate 
of the use of triple-screws, not merely for the navy, but for 
the large transatlantic steamships. Speaking of the import- 
ant question of economy he has shown that in the case of the 
fast commerce destroyers Minneapolis and Columbia, which 
are fitted with triple-screws, there was a very decided economy 
realized by their use. Moreover, it is a significant fact that 
the French naval architects, who are among the best, if not 
the best in the world, and who are considered to have gone 
more deeply and thoroughly into the question of triple-screw 
propulsion than any other naval architects, appear to have 
adopted the triple-screw exclusively for all the large ships 
of the navy. They claim that, quite apart from their obvious 
military advantages, triple-screws show a very decided econo- 
my over twin screws. There is one other question which 
should be carefully considered in adopting twin-screw pro- 
pulsion for transatlantic passenger ships, and that is the ques- 
tion of vibration, which has so much to do with the comfort 
of passengers. It is a well-known fact that in the largest 
high-speed passenger vessels, vibration is one of the most 
serious scurces of discomfort. The effect of triple-screw 
propulsion in respect to vibration is a question which should 
receive a most thorough investigation. While speaking of 
vibration, one cannot but call to mind that the steam turbine, 
because of the absence of reciprocating parts, that is to 
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say, of more or less unbalanced parts, is the ideal motor for 
passenger service. There is no question that the first trans- 
atlantic steamship that is fitted with a successful steam tur- 
bine will have a great advantage in this respect over high- 
powered boats driven by reciprocating engines. Broadly con- 
sidered, it must be admitted that the success which has 
attended the installation of turbine units of great horse power 
in electrical plants foreshadows the day when the steam 
turbine will be exclusively used in transatlantic travel. We 
cannot but think that the Cunard Company should make a 
most exhaustive study of the existing high-powered turbine 
plants before they decide that there is any inherent quality 
of the turbine which renders it unsuitable for use in tan- 
dem on the shaft of a transatlantic liner. Already turbines 
of 7,000 horse power are under contract for electric railway 
plants. If they can be built in 7,000 horse power they can 
surely be built successfully in 9,000 horse power units, and two 
such turbines on each of the three shafts of the Cunard boats 
would give the desired maximum horse power and something 
over. 


AN AEHRO-CONDENSER OF 4,500 HORSE POWER. 
Bulletin de la Societe des Ingenieurs Civils de France. 


According to a paper published in the Proceedings of the 
French Society of Civil Engineers a very large aero-condenser 
has recently been established in the plant of the Kalgoorlie 
Electric Power and Lighting Company, from which power is 
to be distributed to the mines in Western Australia. It works 
on the surface principle, making it possible to utilize the 
water of condensation for the feed and, at the same time, 
carry a vacuum which, while dependent upon the temperature 
of the outside air, effects an important saving in coal con- 
sumption. 

It consists of twenty-seven fans, each 7 feet 244 inches 
in diameter and delivering something more than 1,175,000 
cubic feet of air per minute against the ° condensing 
surfaces. These surfaces are formed of corrugated sheets of 
steel 1 millimeter (.039 inch) thick and set up in pairs and 
held together by a mechanical setting so as to form hollow 
wavy spaces. These plates are then assembled in nests by 
means of oval joints, that are stamped into the plates them- 
selves at the same time as the corrugations. The plates are 
held together by two bolts passing through the nests. The 
form of oval stamped in each sheet forms two distributing 
passages, through one of which the steam enters while the 
water of condensation flows out at the other. 

The cut shows a section of the fan and a nest of the cor- 
rugated plates. It may be remarked that these plates do 
not suffer any deterioration whatever, since the interior is 
filled with water and steam containing a small amount of 
oil that is sufficient to prevent oxidation, while the out- 
side is subjected to the action of dry air only. Experience 
has shown that plates so constructed will hold their own 
indefinitely without any change, provided they are not ex- 
posed to snow and rain. The fans are run at a speed of but 100 
revolutions per minute so that they show scarcely any wear. 
Hence the cost of maintenance is practically nothing, a mat- 
ter of prime importance in a plant of this kind. They are 
placed in groups of three, each group delivering air into a 
single chamber the top of which is formed by the nests of 
corrugated plates. The air passes over these surfaces verti- 
cally from the bottom to the top for a distance of about 3 
feet 8 inches. Steam enters at the top of each nest and the 
water of condensation is drawn off at the bottom. 123 

In this particular case at Kalgoorlie no attempt was made to 
economize in space on account of tne low price of ground, 
while, at the same time, the high temperature of the air 
also tended to increase the dimensions of the apparatus be- 
yond what would be required in a cooler climate. Steam 
from the engines is first passed through separators and thence 
into the condensing nests. The pumps handling the water 
of condensation are fitted with metallic valves on account 
of the quantity of contained oil which would be injurious 
to rubber at the high temperatures reached, which sometimes 
run as high as from 175 deg. to 190 deg. F. 

All of this water is sent through two different systems of 
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filters. The water coming from the condensers is almost en- 
tirely free from oil and can be used directly as a boiler feed. 
These filters are of wood charcoal and deliver the water in 
an almost chemically pure condition, containing only a mere 
trace of oil. The water taken from the oil extractors is usu- 
ally sent to the sewer, but owing to the difficulty of obtaining 
pure feed water at Kalgoorlie the 260 odd gallons drawn 
per hour from the separators are subjected to a prolonged 
filtration first through charcoal and then through sponges. 
In this way, all of the water resulting from the condensa- 
tion of the exhaust steam is saved and again utilized. 

The oil separators used in this plant are formed of a cylin- 
der open at each end and containing a second one concentric 
with it and perforated with holes. The second cylinder con- 
tains a guiding helix or screw. The steam holding the oil in 
suspension, enters along the axis of the cylinder and, travel- 
ing over the screw surfaces acquires a rotary motion whose 
speed depends upon that of the steam. The particles of oil 
being heavier than the steam, are thrown out through the 
perforations in the inner cylinder into the space between the 
two, whence they are drawn off. 

The two-fold object sought to be obtained 
py this installation is the condensation of 
all of the steam consumed to be utilized 
for boiler feeding and securing of a vacuum 
by which a saving in that consumption 
will be effected. As for the latter, the fol- 
lowing table shows the results that have 
been obtained with the air at various tem- 
peratures: 


Temperature of Vacuum in Inches 
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woods is 840 F., while that of the treated woods ranged from 
850 F. to 940 F. : 

The value of the treatment is then to raise the igniting 
point less than 100 degrees F., while some of the treated speci- 
mens show no sensible improvement. The data were derived 
from pieces 44, inch by % inch by % inch, heated at different 
rates in a small electrical muffle, and the agreement between 
different samples was within twenty degrees. Twenty sam- 
ples of each wood were tested and the results averaged. It 
cannot, in view of these results, be claimed that the treated 
wood is sensibly less likely to be ignited when a temperature 
of 1000 degrees F.. is reached. 

The temperature at which the treated and untreated wood 
“flash” or flame instantly was ascertained by putting a brass 
plate into the electrical muffle and raising the temperature 
at a rate of about five degrees a minute until it was found that 
a piece 3%, inch by % inch by 2 inches burst immediately into 
flame on being thrown onto the brass plate. In this test but 
little difference was found for the flash point of the treated 
and the untreated woods; in a few cases the treated wood 
flashed at a lower temperature than the untreated. 


6TEAM INLET 


NEST OF 
CORRUGATED 
PLATES 


CONDENSATION 
‘ \) OUTLET 


Air, Fahrenheit. of Mercury. 
50.0 degrees 20.87 
Spas 20.47 
Bicom eo 20.08 
60.8 “ 19.69 
64.4 “ 18.90 
EY 9 18.11 
71.6 m 17.32 
ie 16.54 
ifseee 9 15.75 
ae 14.96 
SChOI es 13.78 
S9iGe uy 12.60 
iRise hee 11.02 
96.8  * 9.45 
Further observations have shown that the 
average vacuum obtained during the day is 
15.75 inches and 20.47 inches at night with 


the corresponding saving in the use of 


steam.—G. L. F. 


“FIRE-PROOF WOOD” SO CALLED. 
From Report of Insurance Engineering Experiment Station. 
August, 1902. 

The processes of “fire-proofing’ wood by saturating it with 
a solution which, on drying, leaves the pores more or less 
filled with crystals that, when heated, give out gases which 
retard the combustion of the wood, are not new. But the 
recent discussion as to the real value of such wood in modern 
buildings in case of fire, and as to the possibility of suitably 
sampling and testing the product before installing, has led 
to a:series of experiments and examinations which are re- 
ported here. If “fire-proof wood” were in any sense fire-proof, 
this discussion would be unnecessary. It is not. It is similar 
to untreated wood except in three particulars: it is slightly 
less liable to be ignited by a brief and feeble application of 
heat; it is less likely to be ignited permanently by contact 
with a hot body, as an electric wire or a fragment of a pro- 
jectile; and, further, it is not so likely to cause as rapid a 
spread of a fire in some cases, as it burns with less flame. 

The wood examined in these tests was furnished by three 
of the leading manufacturers and since the different specimens 
were apparently possessed of essentially the same character- 
istics, it is assumed that they are representative of ‘‘fire-proot’’ 
wood. 

Examination was first made to see to how much higher tem- 
peratures the treated wood could be exposed than the un- 
treated, without its igniting or beginning to glow. It was 
found that the average ignition temperature of untreated 


2 aa 


Industrial Press, N. ¥. 


Fig. 3. Sectional Elevation of Kalgoorlie Air Condenser. 


The extent of whe relative destruction of the treated and 
untreated wood on exposure to the action of a flame at 
varying temperatures was carefully studied. With a blast of 
gas at a temperature of from 1700 F. to 3000 F. for one, two 
and three minutes, the toss of a cross section of a small speci- 
men is from five to twelve per cent. greater in the case of an 
untreated wood than in the case of a treated wood. 

When subjected to the action of a powerful flame from a 
blast lamp, the rapidity of destruction of a small test piece 
also serves aS an index of the value of the fire-proofing as a 
preventive of combustion. Specimens % inch by % inch by 
6 inches and % inch by % inch by 12 inches were supported in 
a horizontal position. by the ends and a large blast lamp 
placed under the center. The time elapsing before the stick 
burned and fell apart was noted. There is no great differ- 
ence between the treated and the untreated wood in this par- 
ticular. It was noticeable that all the untreated specimens 
furnished more flame than the treated. 

The “hot plate” test was next tried and showed clearly the 
characteristic tendency of the treated woods, when in isolated 
pieces, to char without much flame and to extinguish them- 
selves when taken from the plate. The glow and flame last 
only a few seconds in the case of any of the treated woods, 
while they may last from one and a half to two minutes or 
may last only a few seconds in the case of untreated woods. 
This test demonstrates the value of fire-proof wood as a safe- 
guard against ignition from electric wires, yet no “hot plate” 
can compare in intensity with the incandescent metal and 
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metallic vapor of many a short circuit. It is a good demon- 
stration of the added safety of war ships when finished with 
“fire-proof’ rather than natural wood, since one great danger 
of ignition in war vessels is from hot fragments of metal. In 
its general application to buildings this test demonstrates very 
little. 

In response to a comment on the part of the manufacturers 
that large pieces could not be made to burn the following 
experiment was made: In a large fireplace, between two hard, 
dry pieces of pear wood, 4 inches in diameter and 12 inches 
long, there was built a fire of newspaper and “‘fire-proot”’ 
kindling; over tnis were laid on edge four boards (6 inches 
by 24 inches, 8 inches by 30 inches, 14 inches by 20 inches and 
and 14 inches by 30 inches) of “‘fire-proof’ wood. The fire 
spread up and along the boards, and in about two hours the 
whole contents of the fireplace, except the pieces of pear 
wood, were consumed. The two logs were afire, but went 
out after the “fire-proof’’ wood had been consumed. ‘The 
room, in the meantime, had been rendered unbearably hot by 
the fire, which resembled a good cannel coal fire in appear- 
anee. 

In the light of tne results of these experiments, it would 
not appear that more can be claimed for “fire-proof’ wood 
than this: That, when heated, it gives off a gas which makes 
it more likely to fail to keep burning than an untreated piece 
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The instability of these wedges, which, by alternate wetting 
and drying, are constantly varying the tension put upon the 
stone, serves to increase the danger of the bursting of the 
same. This style of fastening is, therefore, seldom used at 
present. 

A step in advance was made by the introduction of iron 
shafts. At first these were square in section. The stone was 
fastened between two wrought-iron crosses having a square 
bole at their centers. The ends of the arms were provided 
with holes through which bolts were passed for the fastening 
of the stone, as shown in Fig. 5. The crosses were themselves 
fastened to the shaft by wrought-iron wedges, so that the 
stone was, in this way, freed from all tension due to its tast- 
enings. It was merely weakened in section by letting the 
crosses into it and by the holes for the bolts. he 

An essential improvement was made in the fastenings by 
the introduction of round shafts as shown in Fig. 6. Here 
the stone is fastened between two round clamping plates 
which are drawn together by a nut on the shaft. Through 
the pressing of these plates the stone is, of course, subjected 
to a crushing stress; it must, therefore be admitted that 
stresses are thus set up in it that extend beyond the outer 
diameter of the plates. As a matter of fact stones so fastened 
have been sprung to such an extent that all of the material 
outside the plates has been fractured. Such clamping plates 
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Fig. 4. Fig. 5. Fig 6. 


of wood; and that when afire, it gives out less flame, and 
hence is not as likely to cause fire to spread. It is not in- 
combustible; it is not uninflammable; it will under many 
conditions, support its own combustion; it is destroyed by 
external heat nearly as rapidly as is untreated wood. It is 
not as easy to work at high speed; it may cause rusting (as 
do some of these specimens) and the mechanical strength of 
the wood is slightly impaired. 

In consideration, then, of the physical properties of such 
wood as has been examined and of the difficulty of assuring 
one’s self of the nature of the product; and, further, in view 
of the possible deterioration of the wood of the fastenings 
and finish, the use of such fire-proof wood in ordinary build- 
ings seems of very doubtful value. 


FASTENINGS FOR EMERY WHEELS AND GRINDSTONES. 
Zeitschrift des Vereines Deutscher Ingenieure, September 27, 
1902, p. 1481. 

When an emery wheel or grindstone is put in revolution 
a certain amount of tension is set up and the method of fast- 
ening should be carefully considered. The oldest fastening 
for this class of tool is that shown in: Fig. 4. The stone has 
a large hole in its center and is carried by a shaft of the 
same type as that used on old-fashioned water wheels. It is 
fastened with wooden wedges, which are soaked with water 
in order to make them swell and tighten as much as possible. 
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Fig. 9. 


Fig. 7. Fig. 8. 


have also been made with circular ribs, as shown in Fig. 7, 
thus forming a first-class bursting furrow in the stone. These 
ribs possess the disadvantage that the section of the stone 
1s dangerously weakened by them. 

Another form of fastening is that shown in Fig. 8. Here 
cone-shaped plates are used for clamping the stone. The 
hollow cones are brought to bear against it. When these 
come to a bearing the plate must press equally against the 
stone throughout its whole circumference. As they are 
pressed together they are distorted to a greater or less ex- 
tent on account of their own elasticity; their surfaces will 
be forced back and the diameter of the rims increased. 
Through the grinding action on the edge of the stone, the lat- 
ter will increase in size and this increase will be shared by 
the plates which will thus set up a radial stress. These 
cone-shaped plates which seem to be so advantageous are, 
therefore, detrimental in that they exert a destructive in- 
fluence on the stone. 

The fastening by means of plates in the form of inverted 
cones, aS shown in Fig. 9, is a, preferable one. Here, by a 
tightening of the plates, the rim is drawn in towards the 
center and a tension towards that point is created. The 
tensions which are produced by the pressing of the plates 
together are toward the outside, and counteract each other 
to a great extent, so that there are no unfavorable stresses 
set up in the stone by this method of fastening. It will 
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also.be of advantage to make the bearing surface of the tight- 
ening nut spherical, whereby the plates can be made to better 
adjust themselves to any inequalities in the stone.—G. L. F. 


MACHINE SHOP FLOOR PLATE WITH REMOVABLE 
SECTIONS. 


Power and Transmission, October, 1902. p. 42. 

In the early experience of heavy machine work it was the 
custom to take the work to the machine, but in modern ma- 
chine shop practice such changes have come about that in 
many instances the machine is taken to the work. In nearly 
all modern and well-equipped iron-working plants engaged 
in work of the heavy class the floor plate has become a neces- 
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are cemented solidly into the foundations and no means af- 
forded for maintaining constant accuracy of surface. 

The floor plate is located beside the wheel lathe pit. Pieces 
that are too long or wide for setting up on the surface of the 
floor plate can be hung or bolted to the side of the pit con- 
venient to the portable tool to be used. The company expect 
to make it a feature of their business in the near future ta 
supply floor plate installations to manufacturing concerns. 


ADJUSTMENT OF STEAM ENGINE SHAFT GOVERNORS. 
Iowa Hngineer, March, 1902, p. 129. 

Adjustments of steam engine shaft governors are made 

for the purpose of changing the speed of the engine or the 
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Fig. 10. Plan, End and Side Elevations of Dodge Mfg. Co.’s Floor Plate. 


sity, the use of which enables 
the work under construction to be 
bolted down to a level surface in 
the position desired, after which 
the machine, be it a portable slot- 
ter, shaper, planer, boring mill or 


drill, is set up in position, ad- 
justed and made ready for the per- 
formance of its particular office. 
In other words, the floor plate 
might be called a universal ma- 
chine, capable, with proper equip- 
ment, of unlimited variations of 
operation or service and with the 
greatest economy as to power con- 
sumption and cost of labor in reset- 


L OF FLOOR PLATES 


ting work requiring a variety of 
operations. The size of a floor plate 
is regulated solely by the require- 
ments it has to meet,and mustin all 


cases be arranged with a traveling 
crane overhead. The power used 


for driving the tools is preferably 
electrical, but rope and air driven 
tools and flexible shafts are also available. 
There are numerous plans for laying down floor plates, and 
the illustrations, Figs. 10 and 11, show the plan adopted at the 
works of the Dodge Mfg. Co., in their heavy machine depart- 
ment. A feature has been introduced in this floor plate 
whereby any section that has become pened or warped from 
hard service may be removed for planing or relieving the 
strain that it may have undergone, or otherwise correcting 
inaccuracies and results of wear. After a section has been 
repaired it may be replaced for further use, or new sections 
{nserted as may be desired. This is a decided advantage as 
with many floor plates this cannot be done as the sections 
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Details of Floor Plate. 


sensitiveness of the governor, or both. The action of a gover- 
nor of this type depends on a change of speed, it being neces- 
sary for the engine to run faster with a light than with a 
heavy load. The less the difference in speed between no load 
and full load, the more sensitive the governor, and vice versa. 
The two forces acting in opposition in a shaft governor are 
the centrifugal force of the governor weights and the elastic 
force of the springs. The initial tension of the springs resists 
the centrifugal force of the weights and the latter must 
exceed the tension of the springs before the governor can 
act when the engine is starting. The more the springs are 
stretched the greater the tension and the greater the centrifu- 
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gal force must be to overcome it. The effect of centrifugal 
force to oppose the springs also depends on its moment or 
leverage. In some governors the lever arms are variable, and 
in others the centrifugal force is altered by changing the 
weights. If the leverage of the weights be reduced and the 
tension of the springs remains unchanged, the angular 
velocity must be increased to balance the opposing forces, 
which means that the engine must run faster. The converse 
is also true. If the tension of the springs be increased the 
engine again must run faster, and if the tension is reduced 
it must run slower. 

An increase of the initial spring tension increases the 
sensitiveness of the governor, and vice versa. Sensitiveness 
is also dependent upon the strength of the springs, a decrease 
in the strength increasing the sensitiveness, and an increase 
in the strength decreasing the sensitiveness. Engine speed 
may therefore be changed either by changing the centrifugal 
force of the governor ball, or the initial tension of the spring. 
Sensitiveness of the governor may be changed by change 
either of the initial tension or of the strength of the spring. 

The following is given, not as covering all possible cases, 
but the suggestions may prove helpful to such as find them- 
selves called upon to adjust shaft governors: 
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but the weight of the ball can be changed by varying the 
amount of lead it contains. It may be changed by pulling 
up or letting down the spring. This is often effected by means 
of a “turn buckle” at the end of the spring opposite to that 
which is attached to the governor. If the spring be a leaf 
spring instead of a spiral spring, the initial tension can be 
changed by wedges put back of the spring near its point of 
attachment; so that the spring before being drawn up has its 
point thrown into such a new position that it has to be 
drawn up through a greater or less distance to bring it to 
the point of attachment. To change S usually requires a new 
spring if it be a spiral spring. S, however, is increased by 
reducing the number of coils, and decreased by increasing 
their number. In the leaf spring, S may be increased by add- 
ing more leaves, and vice versa. 

The foregoing applies particularly to the older style of 
shaft governors in which the “inertia” principle is not prom- 
inent. Inertia governors are generally built and adjusted at 
the factory for the specified speed and sensitiveness. Subse- 
quent changes, if small, can be made as above indicated for 
centrifugal governors by substituting moment of inertia force 
for moment of centrifugal force, but radical changes will 
necessitate the use of a new spring. Later forms of inertia 

governors provide for changing the point of 
attachment of the spring to the weight arm. 


LOCOMOTIVE BOILER WITH CORRU- 
GATED WAIST AND FIREBOX. 


Zeitschrift des Vereines Deutscher Ingeni- 
eure, 1902. 


The stayless locomotive boiler designed by 


Herr Lentz and built for the Left Bank of 


the Rhine Railway about ten years ago, la- 
bored under the two-fold disadvantage of be 


ing a poor steamer and subject to leaky 
tubes. These were due to the form of the 
firebox, which, being cylindrical, could not 
be made large enough to afford sufficient 


erate area, besides being too rigid to permit 
inequalities of expansion to take place. Mr. 
Vanderbilt improved this boiler by using a 


Fig. 12. Locomotive Boiler with Corrugated Waist and Firebox. 


Let M= Moment of centrifugal force of the ball. 
S= Strength of spring. 
I= Initial tension of the spring. 
Sp. = Engine speed. 
Sen. = Sensitiveness of the governor. 


Lae te § Decrease M or 
( To increase Sp. ) Increase Land S 
Sen. Constant 4 
: { Increase M or 
| To decrease Sp. ) Decrease I and S 
: Increase I and M or 
( To increase Sen. Decrease S 
Sp. Constant 
es { Decrease I and M or 
| To decrease Sen. ) Increase S 
§ Increase I or 
( 


[ To increase both Decrease M and S 


Sp. Variable 
Sen. Variable \ 


| Decrease I or 
| To decrease both Increase M and S 


( Increase M and Decrease 8, 
J or Increase M much and I 
| little, or Decrease I much 
Land § little 


Sp. Variable 


( To decrease Sp. 
Sen Variable 


( and increase Sen. 


( Decrease M and Increase S, 
§ To Increase Sp. | or Decrease M much and I 
) and decrease Sen. } little, or Increase I much 
(and S$ little 


M may be changed by changing either the length of the 
lever arm, or distance from center of gravity of the ball to 
the center of pivot about which it turns, or by changing the 
weight of the ball. Provision in many engines is made so 
that the ball can be moved on its arm, being held in place 
by a set screw. In other engines this lever arm is invariable, 
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only an increase of grate area but. also 
gave some flexibility to the structure. The 
construction, however, does not seem to be all that is re- 
quired and so the Schultz Knaudt Co., of Essen, Germany, 
have brought out a further improvement as shown in Fig. 12, 
in which a certain amount of elasticity is given to the whole 
structure by making the waist plate in the form of a corru- 
gated sheet. The dome may be placed upon this sheet or upon 
one of the smooth sheets, as may be desired. Several of these 
boilers have been built but no reports have yet been made 
as to their performance in service.—G. L. F. 
* * * 


Frederick Alfred Krupp, the gun-maker of Essen, Ger- 
many, died suddenly of apoplexy, November 22. He was 
the son of Alfred Krupp and the grandson of Peter Frederick 
Krupp, the founder of the business. While the grandfather 
was the founder, it is to Alfred Krupp, however, that the 
success of the firm is principally due; for all that he in- 
herited from his father, who died in 1826, was an iron forge 
employing three men, and no capital. Without money or 
friends he built up the greatest iron and steel business in the 
world and became the armorer of Europe. He was possessed 
of great powers for invention and research, and had an in; 
domitable will. Alfred Krupp died in 1887. The general 
census of July 1, 1898, showed that 40,253 men were em- 
ployed in the mines, mills and shipbuilding works of this 
great institution, of which 23,997 were employed in the cast 
steel works at Essen. Until the formation of the United 
States Steel Corporation, the Krupp firm were the largest em- 
ployers in the world, and are now second with about 43,000 
men on the rolls. In 1890 the area covered by the building 
property, was 11,700 acres. Since 1887 Frederick Alfred 
Krupp has been in charge and during that time the works 
have been greatly enlarged and almost transformed. He was 
the richest man in Germany, his fortune being estimated at 
$125,000,000. 
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NOTES OF TRAVEL. 


CUTTING SPEEDS—DESIGN AND FINISH OF GERMAN AND 
SWISS ENGINES—SAND BLAST. 


Editor MACHINERY: 

Although high cutting speeds and heavy cuts for ma- 
chining iron and steel have been used for some time in the 
States for heavy work, and the “blue chip” is now well known 
in the roughing-out process of heavy forgings, little attention 
seems to have been given to the use of the most recent 
special steels for rapid machining of small work. In bicycle 
and automobile construction the steels used for cutting tools 
have been driven to the utmost service by the aid of copious 
floods of oil, soda water, emulsions and other liquids for 
cooling the tool and the work. But the steels used were those 
which softened at comparatively low temperatures relatively 
to the high temperatures that the recent steels will with- 
stand. The work done by a cutting tool was much less in a 
given time than is obtained with special steels. 

In the works of Alfred Herbert, Limited, Coventry, Eng- 
land, builders of light machine tcols, special steel is used on 
the milling machines for inserted-tooth mills, turret and 
capstan lathes, engine lathes, planers, shapers and other 
machines for performing like services. The small tools are 
made of “A. W.” (Armstrong-Whitworth) and ‘Magic’ steel. 
During a three-hour inspection of the works, the writer ob- 
served that the machines were running at very high speeds 
and removing metal with great rapidity. Finally an engine 
lathe of a swing of probably twenty inches was noticed 
turning off a shaving from what, on account of the white, 
straight chip, appeared to be lead or something of the nature 
of babbitt metal. A remark to that effect, however, elicited 
the information that it was a piece of mild steel undergoing 
machining, and an examination proved this to be the fact. 
The cutting tool was “A. W.” steel. The cutting was done dry, 
without the use of oil, soda water, emulsion or anything for 
cooling the tool and work. The chip showed no color due to 
heating and the tool kept sharp and made a clean, smooth 
Us 

A notice posted about the shops, giving instructions as to 
cutting speeds and feeds, was read later. It is given below 
from a copy kindly furnished by the company. An idea of 
what is done can be had by reading it. 

The machine tools built at the Herbert Works for this high 
duty are very heavily proportioned for the service to be per- 
formed. They are a combination of what is best both in 
American and English design and construction. Wide belts 
are provided for, a feature lacking in many machine tools. 

On the whole the visit conveyed a most favorable impres- 
sion. 

Copy of Notice Posted at the Albert Herbert, Limited, Works. 


NOTICE. 


Trials have been made in these works of tools made ot 
“A. W.” steel, and the following tables are intended to show 
the amount of work that can be done. The tools will work 
two or three hours at these speeds and feeds. Speeds and 
feeds much in excess of those given can be used for a short 
time. A small stream of suds was used when cutting steel; 
more work can be done with more suds. These tools must in 
future be used wherever possible. 


Cast Iron. 


Reduction on Diam. Cutting Speed. 


Inches. Feed per Inch. Feet per Min. 
1-16 32 85 
3-16 32 80 
vA 82 75 
Mild Steel. 
1-16 32 100 
4% 16 90 
yy 16 85 
3% 32 80 
Cast Steel (No. 8 and Tool Steel). 
% ae 50 
4 32 40 
YY, 16 20 
Design and Finish of Steam Engines in Germany and 
Switzerland. 


The great simplicity in the design and finish of steam, 
gas and oil engines in Germany and Switzerland is strongly 
impressed upon one by a visit to the machinery department 


MACHINERY. 


209 


of the Dtisseldorf exhibition, Germany, and the great engi- 
neering plant of Gebrtider Sulzer (Sulzer Brothers) at Win- 
terthur, Switzerland. Ornamental additions are entirely 
absent. Cylinder lagging, safety guards and oil shields are 
made of heavy Russian sheet iron banded, supported and 
strengthened where necessary with polished steel which is 
often given the same color as the’ Russian iron. Even oil 
cups and other trimmings show no polished surfaces in some 
cases, at least the surface is not left the color of the alloy. 
Polished and blackened brass, or polished iron is largely used 
for these parts. And finally the frame, bed and other cast 
iron or steel casting parts have their surfaces well filled 
by the painter and finished to a smoothness and color resem- 
bling very closely the Russian iron. The moving parts are 
polished either wholly or over a considerable portion of the 
surface, and left bright. The machines are well proportioned, 
free from sharp angles and projections, and consequently 
beautiful in their simplicity and strength. They are pleasing 
to the eye in the same way as a magnificent horse free of all 
harness and trappings, and convey the impression of strength 
in the same manner. 


Sand-blast for Castings. 


The sand-blast for cleaning castings of medium size finds 
considerable favor in Germany and Switzerland. Castings 
small enough to go into the ordinary foundry tumbler or 
rattler are cleaned by the common method of tumbling. The 
sand-blast machine used for the medium size pieces is en- 
tirely different from any the writer has seen or heard of in 
the States. It is not in any respect similar to the sand- 
blast nozzle, hand guided for cleaning large castings, and 
does not take its place. The continental machines on exhibi- 
tion in the Diisseldorf exhibition and in operation in various 
industrial establishments were made by Alfred Gutmann, 
of Ottensen, Hamburg. They have a horizontal circular table 
about six or seven feet in diameter which rotates slowly about 
a vertical spindle. The whole machine resembles in a way a 
horizontal table boring and turning mill. Two blasts of sand 
are blown down upon the back half of the table, which part 
is covered over with a sheet metal guard to prevent flying 
of the sand. The pieces to be cleaned are placed on the 
table which carries them under the sand-blasts by its con- 
tinuous rotation. The table is of cast-iron grid construction 
to allow the sand to fall through. An attendant for one 
or two machines is required, for turning the castings over at 
intervals during the constant operation of the cleaner so that 
all sides will be presented to the blast. The machines are 
capable of taking anything that can be laid across the table 
and is not too high to pass under the sheet metal guard, 
which is placed about fifteen inches above the table. An 
apron of cloth or paper hung at the edge of the guard ad- 
justs itself to the irregularities of the castings and prevents 
the sand from flying out. 

A smooth, silvery matted surface is imparted to the cast- 
ing by the complete removal of adhering and imbedded sand 
from the mold. Of course the scale can be completely re- 
moved if desired. 

The sand used in the blast is exceedingly coarse. The 
force of the blast does not seem to be great, and there 
is no dust about the machine to cause discomfiture to the 
operator. It can be satisfactorily used in the open space of 
a foundry or cleaning room, which is not true of the high 
velocity sand blast nozzle tried and usually discarded for 
castings too large for a tumbling barrel. 

Complete satisfaction with the machine was expressed in all 
the establishments where it was seen in operation. 

Florence, Italy. Forrest R. JONES. 

“pga ES 

To anneal self-hardening steel so that it can be drilled and 
worked without much trouble J. W. Riley says: Heat the 
steel to a forging temperature, have some dry ashes laid on 
the floor and covered over with a layer of pine shavings. 
Lay the hot steel on the shavings, let it burn a little and 
then cover over with pine shavings and pack dry ashes over 
the top, making it air-tight. Let it remain until cold. To 
temper double gasket cutters heat the edges slowly to a 
tempering heat, not letting the body get very hot, and then 
cool in oil. The temper is then drawn to a dark straw. 
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MECHANICAL DRAWING. 


AN EXTRACT FROM THE INSTRUCTION PAPERS OF THE 
AMERICAN SCHOOL OF CORRESPONDENCE. 

In a course of mechanical drawing prepared by the Ameri- 
can School of Correspondence, Chicago, Ill., Part VI is de- 
voted to working drawings and was prepared by Chas. L. 
Griffin, Professor of Mechanical Engineering, Syracuse, (N. 
Y.) University. This pamphlet contains some of the most 
common-sense suggestions that we have seen, for the benefit 
of the student in drawing. It takes up the working drawings 
of a duplex direct-acting steam pump and follows them 
through from beginning to end. Mr. Griffin touches on one 
point in particular that should be impressed on the student 
in drawing, and that is, the method of blocking out or ar- 
ranging the parts of a machine when designing; and he 
shows in a very clear manner what the essentials are in such 
work and how the sketches of a designer should appear when 
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inférmation which the drawing furnishes is positive and com- 
plete, the drawing is good. If doubt arises in the work- 
man’s mind as to what the designer intended by a certain 
line or dimension, or if the dimension be omitted, the drawing 
is bad. There is no middle ground. The instructions are 
either present or absent, and the drawing good or bad ac- 
cordingly. 

The workman of to-day is not permitted to assume dimen- 
sions or shape. It is his business to execute the draftsman’s 
orders; it is, however, often his privilege to choose his own 
way of doing it, but further than this modern practice does 
not allow him to go. He is held as rigidly to the orders 
specified by the drawing as the locomotive engineer is held 
to his bit of tissue telegraphic order to -proceed, without 
which he dare not enter the next block. The drawing is su- 
preme; it is official; it must be plain, direct and all-sufficient. 
It is the draftsman’s business to make it thus, and he is 
not a draftsman until he does. 
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STEAM END LAYOUT. 
\6-82:12 DUPLEX PUMP. 


AMERICAN SCHOOL OF 
CORRESPONDENCE. 


BOSTON- MASS. 
SCALE- 321 


Specimen Plate from Instruction Papers of the American School of Correspondence. 


turned over to the detail draftsman. The accompanying 
illustration is one of several from this pamphlet and the 
quotations which follow indicate in a general way the direct 
and practical method adopted by the author. 

The two chief requisites of a shop drawing, under which 
general heads a multitude of detail requirements can be 
summed up, are: 

(1.) Absolutely complete and definite instructions from de- 
signer to workman. 

(2.) Least possible cost in dollars and cents of produc- 
tion of the drawing measured by the draftsman’s time. 

It makes no difference how much we may attempt to dis- 
guise these two elements, the fact will still be apparent that 
“complete instructions furnished for the least money” is 
what the manufacturing shop is after, and what will be 
assumed as a basis for judgment as to the highest commer- 
cial utility. 

As to the first point, that of completeness and definiteness 
of instruction, there must be no question of degree. If the 


This idea of positiveness must be thoroughly absorbed 
by the student. Positive action must be a habit which con- 
trols his every move, which marks every dimension he prints, 
which directs every line he draws. Every line must mean 
something, must have a definite reason for existence, must 
be necessary to illustrate the idea he wishes to convey to 
the workman; and every line must be a definite measurable 
distance from every other line, so that its location is fixed 
beyond a doubt. Lines which mean nothing, and cannot be 
measured, have no place on the drawing; they only confuse it. 

Drafting-room labor is a relatively high-priced service, and 
the salary list easily assumes considerable proportions, so that 
wasteful excesses count up rapidly. One of the qualifications 
of proficiency invariably required for this department of 
shop organization is rapidity of execution. This is not de- 
pendent upon personal traits as at first might be supposed. 
A man may so husband his time and direct his efforts that 
he will easily distance his neighbor of more rapid motion. 
The latter may have less ability to make his. energies count, 
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and lack of judgment as to when just enough, and no more 
than enough, energy has been expended on his drawings. 
From the standpoint of wtility, the function of a drawing is 
fulfilled when it has reached the stage that it completely 
instructs; more time spent in elaboration is wasted, and is 
an unnecessary and therefore extravagant expenditure. The 
student must fully realize this. In his earnestness to produce 
finished and complete work he must constantly strive to ac- 
complish results in the least possible time. This does not 
mean careless haste; far from it. A complete shop drawing 
cannot be made by short cuts, but through a systematic build- 
ing of line on line, dimension on dimension. This is in 
sharp contrast to a haphazard habit of developing a drawing, 
first a line here and then a figure there, with no definite 
purpose in mind, and no hint as to when the drawing is actu- 
ally completed. 

The one method constitutes the efficient draftsman who 
works easily, receives a high salary, and is worth it, because 
he wastes no time in unnecessary labor. The other marks 
his unfortunate brother, plodding laboriously far behind, re- 
ceiving a small pittance per hour, and worth less, because 
he does uncalled-for labor, and loses his definiteness of pur- 
pose in a maze of unexplainable lines and figures. 

A working shop drawing, commercially considered, may 
well be defined as being “Complete instruction from designer 
to workman issued at minimum expense.” 

The plate on previous page shows, as well as reproduction can 
accomplish, the pencil layout of the steam end of a direct act- 
ing steam pump. The layout is the first work of the design- 
ing draftsman. The drawing, as shown, is exactly the type of 
layout which he would turn over to a detail draftsman, whose 
duty would be to work up detail shop drawings therefrom. 

The character of this drawing should be carefully studied. 
Remember that it is a layout, nothing more; also bear in 
mind that it is an exact, measurable working sketch. Atten- 
tion is called to the sharpness of the lines, especially to the 
clean-cut intersections. Note the boldness, dash and _ busi- 
nesslike style, the free-hand cross-section lines roughly put 
in. There is no hesitation or worry as to where the end of the 
line should be, or whether it crosses other lines which it 
theoretically should not. The intersections are allowed to in- 
dicate the termination of lines, and the rough section lines 
pick out the parts and separate them clearly to the eye. 
In this layout there is the spirit of confident, definite and 
rapid action, with no thought for absolute finish in line work, 
but with every thought for absolute results as to measurable 
dimensions. 

There are two general rules of action in producing a 
drawing, which give the answer to the question that often- 
est confronts the beginner: “What is to be done first?” or 
“What is to be done next?” These rules are: 

1. Draw everything that is positively known. 

2. Work from the inside to the outside. 

Every problem has some positive data, assumed or cal- 
culated, to start with. The first thing to do in every case is 
to get this data represented by lines on the paper. An expert 
designer has been heard to say that until he had spoiled the 
blankness of his sheet of paper by some lines, he could not de- 
sign. There is something in this; and almost invariably the 
first line to draw is a horizontal center line somewhere near 
the middle of the sheet; draw it! Draw it at once without 
hesitation, and the layout is begun. We now have something 
about which to build. 

In this case the designer would first calculate the size of 
the piston rod, and determine the fastening to the piston. 
He would then draw the rod and build a hub around it. He 
would next calculate the width or thickness of piston and 
size of packing rings, and draw the two vertical lines 5 inches 
apart, to indicate the piston faces. These lines would be 
limited by the cylinder bore, which he knows to be 16 inches; 
hence horizontal lines 16 inches apart, parallel to and sym- 
metrical with the center line, are the next to be drawn. 
Short vertical lines indicate the location of the packing rings. 
As the nominal travel of the piston is to be 12 inches, the 
location of the piston and rings can be shown on both sides 
of the central vertical line at the limits of travel. A clear- 
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ance must exist between the heads and the piston (in this case 
1% inch is allowed), hence the lines of the heads can be 
drawn, and the general inside outline of the cylinder barrel is 
complete. 

This is all in direct application of the foregoing rules, and is 
so simple, natural and direct that it hardly requires such ex- 
plicit statement. We have simply taken such data as we had 
and put it on paper, placing it where it can be seen from 
all sides, and where the mind is relieved of the labor of carry- 
ing it. 

If the student will only- appreciate this one rule and draw 
all he knows about the problem, he is well on his way to its 
solution. Draw everything you know, and work for what you 
don’t know, is what these rules say, and the first question to 
arise should be: “Have I drawn everything that is known 
about the problem?” before he asks himself or any one else: 
“What shall I do next?” 

One other rule might be added to these two: Keep dimen- 
sions in even figures, if possible. This means that small frac- 
tions should be avoided. It is just as easy to bear this point 
in mind, and save the workman much annoyance and chance 
of error, as it is to disregard this matter. Even figures consti- 
tute one of the trade-marks of an expert draftsman. Of 
course a few small fractions, and sometimes decimals, will 
be necessary. Remember, however, that fractions must in 
every case be according to the common scale; that is, in 
sixteenths, thirty-seconds, sixty-fourths, etc., never in thirds, 
fifths, sevenths, or such as do not occur on the common ma- 
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THE NEW YORK 1902 MEETING OF THE 
] A. S. M. E. 

The American Society of Mechanical Engineers will hold 
their annual New York meeting at the Society House, No. 12 
W. 31st Street, New York, beginning Tuesday, December 2, 
and ending Friday of that week. The titles of the papers to 
be read, are as follows: 

Smoke Prevention by Mechanical Stoking. F. R. Hutton. 

Volumetric Elasticity of Rubber. F. J. Miller. 

Heat Resistance—The Reciprocal of Heat Conductivity. 
William Kent. 

The Metric System. F. A. Halsey. 

Final Report of Committee on Standard Methods of Testing 
Steam and Gas Engines. 

A Rational Solution of the Measurements of Weights and 
Measures. Sydney A. Reeve. 

Tests of a Twelve Horse Power Engine to Determine the 
Effects of Changes in Speed, Load, Point of Ignition, Ratio 
of Gas to Air, and Jacket Temperature. Prof. C. H. Robert- 
son. be 

Deflection of Beams by Graphics. 

Entrophy Analysis of the Otto Cycle. 

Value of a Horse Power. A. F. Nagle. 

Finer Screw Threads. Charles T. Porter. 

Filing System for Office. Henry M. Lane. 

Gift Propositions for Paying Workmen. 

Fly-Wheel Capacity for Engine-Driven Alternators. 
I. Slichter. 

A Forty-four Foot Pit Lathe. John M. Barnay. 

Use of Surveying Instruments in Machine Shop Practice. 
Cy Camiy ler: 

Rotary Pumps. John T. Wilkin. 

Continuous Record of the Position of an Engine Governor 
and the Speed of the Engine Which it is Governing. J. C. 
Riley. 

Centrifugal Machines and Their Uses. Bartholomew Viola. 

A New Oil-Testing Machine. Albert Kingsbury. 

The officers named by the nominating committee to be voted 
for, are as follows: 

For President—William Sellers, Philadelphia, Pa. 

For Treasurer—F. H. Stillman, New York; F. H. Daniels, 
Worcester, Mass. 

For Vice-Presidents—James Christie, Philadelphia, Pa.; 
John R. Freeman, Providence, R. I.; R. C. McKinney, New 
York. 

For Managers—S. S. Webber, Trenton, N. J.; Newell Sand- 
ers, Chattanooga, Tenn. 


W. Trinks. 
S. A. Reeve. 


Frank Richards. 
Walter 
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LETTERS UPON PRACTICAL SUBJECTS. 


A GUIDE FOR DEEP SAWING. 
Editor MACHINERY: 

In cutting deep slots with a thin saw, it is common practice 
to overcome the tendency of the saw to run out of its course 
by reversing the usual direction of rotation and running it 
down onto and with the work. The table is either gibbed up 
more tightly than usual, or held back against the feed screw 
by a weight to take out the back lash, and prevent the work 
from running into the cutter. With unusually thin cutters, 
however, even these precautions fail to keep the saw from run- 
ning out and breaking. The device described below was con- 
trived by a milling machine operator who had much of this 
work to do, and it has proved to be very useful. A is a cast 
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Guide for Thin Milling Saw. 


ing, bored out as shown to encircle the overhanging arm of 
the machine. It is split on one side, and furnished with a 
screw B to clamp it in position. To the lower end of this cast- 
ing is adjustably fastened, through screw C and the tongue 
shown, the holder D made of two pieces of steel screwed and 
doweled together. This holder is brought down over the saw 
and arbor as close to the work as possible, and carries six 
snugly fitting brass screws, arranged as shown in the drawing. 
The flat ends of these screws are adjusted so that they just 
touch the saw on each side, and thus confine it closely to its 
proper path. It has been found that this arrangement, when 
carefully used, will greatly reduce the breakage of the saws 
in deep cutting. , Ta. Iie LE 


—————— 


A CONVENIENT BORING BAR. 
Editor MACHINERY: 

The boring bar shown in the accompanying sketch is for use 
with a hollow spindle lathe for boring long holes in chucked 
work where the spring of the common boring bar gives 
trouble. Fig. 1 shows the bar H, a section of the lathe spindle 


Oa 
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Boring Bar for use in Lathe. 


S, faceplate or chuck F, and the bushing B. This bushing 
is fastened to the faceplate with two flat-head screws when 
the end of the spindle is flush with the faceplate, but when 
the faceplate projects beyond the end of the spindle, the bush- 
ing is made flush with the faceplate and a screw is put in the 
joint between the two, half of its thread being in each piece. 

The cutting tool T is made of round stock and is set by an 
adjusting screw OC, at the back side of the bar, and is fastened 
in position by means of the setscrew E. The clamping block 


F is shown in Fig. 2, in position on the cross slide of the 
lathe, D. When the nut is screwed down on the bolt A, it 
clamps both the bar and the block firmly to the cross slide. 

In making the clamping block the hole for the bar should 
be bored with a common boring bar, between the lathe centers, 
with the block clamped in position on the cross slide by the 
bolt A; this insures the hole being bored the correct height (it 
being assumed that the cross slide has no tilting device.) 
After the block has been bored a close fit for the bar, the 
slot is cut. The block should be bored for the largest size 
of bar that will be used and bushings made for the smaller 
bars. The end of the bar entering the hollow spindle is 
made smaller than the remaining portion, to allow it to be 
used in small holes and still keep the greater portion heavy 
and strong; but if desired, a straight bar could be used which 
would be somewhat cheaper to make. 

A tight-fitting leather washer slipped on the end of the 
bar before it enters the bushing B will keep dirt out of this 
bearing and prevent undue wear. 

When setting the bar, the tail-stock should be straight with 
the ways of the lathe and the cross-slide so set that the center 
of the bar will come on the tail-stock center. 

It is always advisable to place the clamping block as near 
the cutting tool as the length of the hole to be bored will 
allow. M 2 BALL. 

Watervliet, N. Y. 


ECCENTRIC BORING ATTACHMENT. 
Editor MACHINERY: 

A large number of small shops are not equipped with a 
lathe chuck in which articles can easily be chucked eccentri- 
cally so as to turn the article “off center.” Even in shops 
that are equipped with combination universal and independ- 
ent chucks it is always more or less trouble to chuck a piece 


Lathe Attachment for Eccentric Boring 


in this manner, especially when a great amount of eccen- 
tricity is required or where the castings are of peculiar 
shape. In a great many cases it will be found very difficult 
to chuck certain pieces just where they are wanted even 
with the best chuck on the market. 

The sketch illustrates a very simple attachment that can 
be fitted to the spindle of a lathe, to be used with any kind of 
a chuck, for obtaining any amount of eccentricity that is 
within the range of the swing of the lathe. 

This attachment may be made in one piece of cast-iron or 
it may be made of machinery steel, with the parts fitted to- 
gether as shown in the sketch. When made in the latter 
way it is, of course, much more substantial than when made 
of cast-iron. The stock A is bored out and threaded to fit 
the spindle of the lathe on which it is to be used. In the 
yoke slides a T-bolt B, which can be moved to any distance off 
center that is within the limits of the yoke. On this T-bolt 
is the sleeve C, which is turned and threaded to the same size 
as the nose of the lathe spindle and is so arranged that it 


- can be turned on the bolt, or by removing the back washer D, 


it can be clamped solidly to the bolt. If it is desired to bore 
a hole in a disk, two inches off center, all that is necessary 
is to set this T-bolt two inches from the center of the lathe 
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spindle, clamp the sleeve solidly to the bolt and then screw 
on the chuck in which the disk has been chucked centrally. 
If it is necessary to bore a number of holes in the disk, 
each two inches from the center, all that is needed is to 
loosen the sleeve after each hole has been drilled and allow 
the chuck to revolve about the bolt B until each successive 
hole is brought in line with the center of the spindle. 

This attachment can be adapted to a great variety of work 
and by graduating the yoke it can be very quickly set to any 
desired distance off center. If it is intended to use it on a 
high-speed lathe it will be necessary to extend the yoke on 
both sides of the center in order that a counterbalance may be 
attached to the outer end to balance the weight of the chuck. 

Burlingame, Kansas. Cuas. G. TAYLOR. 


A SCREW MACHINE CHUCK. 
Editor MACHINERY: 

In the October issue of MACHINERY appeared an article 
under the heading: “A Screw Machine Chuck.” I think the 
chuck is very expensive for the work done, and I send a 
sketch of a simple device that I have used for years, with 
good results, on the same class of work on a wire feed screw 
machine. 

It consists of a plain piece the same size as the thread 
tapped in the piece to be operated upon, with one end threaded 
to fit the tapped hole. 
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Chuck for use on Screw Machine. 


The method of operating is to tighten the arbor in the 
chuck, screw on the piece, perform the operation; then to 
loosen the piece, open and close the wire feed chuck quickly 
which pushes the arbor out just enough to loosen the piece 
so that it can be easily unscrewed with the fingers. 

Denver, Col. dig Miho, HEU 


MORE COUNTERBORES. 
Editor MACHINERY: 

We recently made a tool for counterboring the holes shown 
in Fig. 1, and at the same time rounding the corners at A. 
The tool we first tried is shown in Fig. 2. It was simply a 
piece of 17-16 cold-rolled steel shafting with a 5-16 square tool 
held in by a setscrew. With the cutter properly ground and 
set it worked quite satisfactorily but as the cutter had to be 
removed for grinding and did not retain its form, it was 
somewhat difficult to keep it doing the work uniformly. So, 
an improvement being in order, we made the counterbore 
shown in Fig. 3, which is the tool now in use. There are 
two cutting edges and it is made to retain its proper form 
until comparatively worn out. The shank is tool steel, as 
well as the cutter, and the teat is hardened, haying been 
ground to size after hardening. 

Tools of this kind are quite readily made in the lathe. For 
this one a lathe was used with a four-pitch leadscrew and 
geared to cut one thread per inch. The cutter blank being 
turned it was put on an arbor in the centers and lines were 
scribed on the outside parallel to the axis and diametrically 
opposite, to indicate the location of the cutting teeth, and with 
the point of a thread tool a helical line was started from 
each parallel line and drawn half way around the blank. 
Then the gap in front of each tooth was cut in the shaper 
(on a radius) and the helix roughed out. The finishing was 
comparatively easy, the tool did not have to be withdrawn and 
the power crossfeed was used. A cut was started from the 
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outside at one of the cutting edges and fed toward the center; 
when the opposite gap reached the tool the leadscrew nut 
was disengaged and the carriage moved back two threads on 
the leadscrew. The cut was then continued as before. The 
lathe was run by power part of each half revolution. 

It will be seen that matters were much facilitated by the 
even pitch of leadscrew and by lathe being geared to 1 inch 
of carriage travel per revolution of spindle. With an uneven 
pitch of thread on the leadscrew it would have been necessary 
to withdraw the tool at each gap and it would have been 
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Fig. 1. Hole to be Counterbored. 


more difficult to get the cutting edges on a line at right angles 
to the axis. The same trouble would have been experienced 
if the lathe had been geared to a fraction of an inch. It may 
not always be possible to gear the lathe to a pitch so well 
suited to easy manipulation as we did with this tool, but in 
this case it produced a nice angle of clearance. Taking the 
largest diameter, 214 inches, the circumference is 7.07 inches 
and with one inch advance per revolution the clearance is 
about § degrees, increasing toward the center. 
Grand Rapids, Mich. CoRNEIL RIDDERHOF. 


MARKING DRILLS AND TAPS. 


Hditor MACHINERY: 

With all the progress that has been made within the last 20 
years in small tools such as drills, taps and reamers, one thing 
has been lost sight of and that is the proper stamping of the 
same. As long as these were only hand tools the stamping 
as of old was all right, but this is no longer the case. But 
few shops have separate taps for hand and machine use, and 
when the hand tap is put into a chuck it is only a short time 
before the shank is so badly mutilated that the stamping is 
beyond recognition. For this reason the custom of marking 
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Fig. 2. The First Counterbore. Fig. 3. The Present Counterbore. 


the size on the shank, just below the square, is entirely 
out of place. Some manufacturers have adopted the plan of 
stamping reamers between the flutes and the shank, which is 
the only correct way. 

For marking taps, as most of the taps of the present day 
are made with concave flutes, I see no reason why they can- 
not be stamped there, if the marking wheel or stamp is made 
to conform to the shape of the flutes. This would however 
be practical only in sizes above, say, 3-16 inch. I do not 
think that the stamping in the flutes will influence the pitch 
or make the tap warp enough to cause any trouble. 
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The troubles with taps and reamers, however, are nothing 
compared with those which arise from the improper marking 
of the twist drill. The number of sizes is so unlimited and 
the difference in sizes so slight that accurate marking is 
an absolute necessity. If one looks over a lot of twist drills 
that have been in use for some time he will find that some 
of them are worn a full thirty-second of an inch below size 
and any marks that may have been on the shank have long 
since been obliterated. 
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Machine for Continuous Milling. 


In a tool room where hundreds of drills are exchanged 
every day the time lost in looking up the sizes is by no 
means a small matter, not taking into consideration the 
amount of work that is spoiled, due to mistakes arising from 
lack of proper markings. 

Now, as a remedy for these troubles, I would suggest that a 
flat be milled at the upper end of one of the flutes and the 
drills marked on this flat. This need not be very large, 
for small figures that will stay are much better than the 
present large figures that are worn off after the drill has 
been used a few times. The milling need not be very deep, as 
that part of the drill nearest to the flute is worn the least. 

Another way would be to turn a small groove around the 
shank near the flutes, but this would have the objection of 
weakening the drill and would not be practical with the 
smaller sizes. 

I would like to hear from some of the readers of Macutn- 
ERY on this subject, in hopes that a better method might be 
adopted for marking this much 
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these seats are shown in the sketch, but on the machine they 
are continued around the entire circumference. A piece of 
work is fastened into each of these pockets, as at A, and is 
slowly fed between the milling cutters by the revolving drum. 
As each finished piece comes out from the cutters it is re- 
moved and an unfinished piece put in its place without stop- 
ping the machine. The surface of the drum is thus kept con- 
tinually covered with work and the operation is continuous. 
Connersville, Ind. E. M. BURGESS. 
A HOBBING ATTACHMENT FOR THE MILLING 
MACHINE. 


Editor MACHINERY: 

In our line of work we have to make quite a number of 
wormwheels and until recently they were cut by first being 
nicked with a gear cutter and then finished with a hob, the 
hob rotating the wheel as it was cut. This was a very slow 
job so I made the device shown in the sketch which did away 
with the nicking and indexing. We had a headstock like A, 
which was used for circular milling; from this I removed the 
spindle B and bored out the rear end of it to suit a standard 
taper. I then made an arbor, C, on which was placed the 
wormwheel to be hobbed. The gear EH fitted on the nose of 
the milling machine spindle and had the same number of 
teeth as the wormwheel D; and the gear F, on the shaft G, 
had the same number of teeth as the worm gear to be hobbed. 
This arrangement feeds the blank around at exactly the same 
rate that it would be fed by the hob and at the same time 
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abused tool. Even if the stamping 


added a slight increase to the cost, 
the benefit derived would certainly \ 


warrant it. CHas) Pi THIE:: 
Lawrence, Mass. 


A CONTINUOUS MILLING 
MACHINE. 


Editor MACHINERY: 
In Fig. 1 is shown a piece of 
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work, a large number of which 
were to be finished on each end, 
all to be of the same length. 
This was accomplished in the continuous milling machine 
shown in Fig. 2. On the shaft S, bearing the tight and loose 
pulleys P and P’, is mounted a pair of inserted tooth milling 
cutters, C, C’, which are set the proper distance apart to en- 
able them to face both ends of the work to the required length. 
On the outboard end of this shaft is worm G@ driving the 
wormwheel G@’. This in turn drives the second worm @” and 
the wormwheel G’’’, which is on the end of the shaft carrying 
the drum D. The periphery of this drum is shaped to form 
a series of seats suitable for holding the work. Only two of 


Milling Machine Attachment for Hobbing Worm Wheels. 


relieves the hob from all work other than the actual cutting 
of the teeth. Worm gears of any number of teeth can be 
cut by changing the gear F to one having the same number of 
teeth as is desired for the worm gear. Both hob and worm H 
have single right-hand threads, so for hobbing left-hand worm 
gears two intermediate gears are placed between gears #H# and 
F. For cutting gears of coarse pitch the foot stock center is 
used to support the arbor C. With this device we are able to 
finish worm gears in about one-quarter of our former time. 
Hamilton, Ohio. HERMAN ISLER. 
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COMPOUND INDEXING. 
Editor MacuHINERY: 

Having charge of the milling machines in a shop where a 
great variety of gears had to be cut on machines having 
but one index plate, it so happened that we had to send many 
of the blanks to be cut outside or spend a great deal of time 
figuring out the movements for compound indexing. I there- 
fore made out a list of the gears that could not be cut with 
any single circle but which we could cut by compound indexing 
with two circles. I found 65 of these, as will be seen by re- 
ferring to the accompanying table. This table is made out 
for use with the index plate of a Cincinnati milling machine, 
but is, of course, applicable to any index head in which the 
ratio of the worm to the worm gear is 1 to 40. 

In order to use the compound indexing method it was only 
necessary to make a small index pin, mounted in a slotted 
brass casting, which was bolted on one of the screws used 
for clamping the dividing head. The side locking device 
having been removed, the index pin in the back holds the 
plate rigid while the forward mcvements are being made. 

In referring to the table, the plus sign (+) indicates that 
the movements should be in the same direction, to the right; 
the minus sign (—) indicates that the first movement, at 
the left of the sign, should be made to the right, while the 
second movement, at the right of the sign, should be made to 


the left. 
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eters and verniers may be made, dependence must in all 
cases be placed on the sensitiveness of a man’s hand to obtain 
the exact dimensions of the piece to be measured. In order 
to overcome this difficulty and eliminate the personal equa- 
tion in the manufacture of duplicate and interchangeable 
parts, I have tried the sensitive attachment to the microm- 
eter shown in Fig. 1 and fourtd it of much value. 


Sensitive Attachment applied to the Micrometer. 


Fig. 1. 


The auxiliary barrel A is held to the anvil of the micrometer 
by means of a thumb screw B. In the inside end of the barrel 
is a secondary anvil 0, the base of which bears against the 
short arm of the indicating lever D. The action will be 
clearly seen by reference to the cut. The micrometer is so 
set that when a gage, G, of exact size is placed between the 
measuring points the long arm of the indicator stands at the 
0 mark. If the pieces being calipered vary in the least 
from the standard size it will be readily noted by the move- 
ment of the pointer. Hard rubber spheres turned from rough 


TABLE FOR COMPOUND INDEXING ON CINCINNATI MILLING MACHINE, 


5 DER Circle: Holes. _ Circle. mE ioes, Circle. 
51 42 28+ 4 34 154 66 
57 66 22 + 14 38 161 46 
63 18 2 + 22 42 171 38 
69 24 16— 4 46 174 18 
re 28 12+ 6 66 182 39 
87 58 46— 6 18 186 18 
91 39 6 + 12 42 187 34 
93 24 3--' 6 62 189 28 
99 66 34 — 2 18 198 18 

102 42 144+ 2 34 208 28 
py 66 aan L 37 204. 34 
114 42 28 — 12 38 207 18 
117 39 9+ 6 54 209 38 
119 42 24— 8 34 rea We 28 
123 41 27 — 22 66 222 37 
126 42 44 4 18 228 38 
129 18 6— 1 43 231 28 
133 38 6- Ts 49 234 54 
138 18 6— 2 46 238 34 
141 47 29 — 6 18 246 41 
147 39 13— 3 49 252 18 
153 54 a aS 34 


Holes. Circle. Piers Circle. Holes Circle 
3+ 6 28 258 30 20 — 22 43 
18— 4 28 259 37 i ces Ml 49 
11— 3 54 266 38 3— 8 42 
Gr 50m 58 273 49 a1\— It 39 
3+ 6 42 276 18 12 — 24 46 
ie i 62 279 18 11 — 29 62 
15 — 15 66 282 47 38 — 12 18 
3 — 4 54 286 39 9— 6 66 
ora 6 66 287 41 35 — 35 49 
6— 1 58 288 38 16 — 16 58 
ae! 66 294 49 23 — 6 18 
7— 9 46 301 43 18 — 8 28 
9— 3 66 306 54 1) =='5 34 
odie wl 62 308 66 1 28 
19 — 18 54 329 7 46 — 24 28 
138— 9 54 333 54 24 — 12 37 
4-2 66 336 42 1Z— 4 24 
te 39 342 54 Ue es 38 
30 — 35 49 345 46 18 — 5 30 
34 — 36 54 348 58 70-0 18 
Ae 42 351 54 2+ 3 39 
357 42 ee by 34 


For example: To secure 51 divisions, we first move 28 
holes on the 42 circle and 4 holes on the 34 circle, both move- 
ments being made to the right. This gives us 

28 4 1120 


— 
42 384 1428 
of one revolution of the worm and, since the ratio of the 
worm to the worm wheel is 1 to 40, we have 
1 1120 1 


— x — 
40 1428 51 
of a revolution of the spindle. 

For an example of the second case: Suppose that we wish 
to obtain 69 divisions, we would first move to the right 16 
holes on the 24 circle and then to the left 4 holes on the 46 
circle. This gives us 4§ — 4 X 7 = 2 of a revolution 
of the spindle. 

In executing movements to the left, pass the required hole 
then turn to the right to the proper hole. This avoids errors 
caused by back-lash in the worm gear. 

Chicago, I[1l. Ropert A. LACHMANN. 


SENSITIVE ATTACHMENT FOR MEASURING 
INSTRUMENTS. 
Editor MACHINERY: 
I have often wondered why the system of sensitive measure- 
ment such as is found on a Bath indicator is not more ex- 
tensively used. No matter how finely and accurately microm- 


casting were found to vary from 3 to 5 thousandths after 
having passed the inspector’s test with an ordinary microm- 
eter. With this attachment the inspector’s helper could 
detect very minute variations from the limit size. The same 
device was used to gage the size of small brass disks about 
half the diameter of the rubber spheres, and in fact anything 
within the limits of the micrometer can be made to show to 
the naked eye variations as small as a ten thousandth. 


SSS) 
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Fig. 2. Sensitive Attachment applied to Gaging Bevel Gear Blanks. 


Considerable trouble was experienced with a pair of small 
brass miters because of the difficulty of getting the outside 
diameter just right. Inasmuch as they were finished on a 
screw machine some of the holes were not concentric with 
the face, causing the gears to bind. Fig. 2 shows a gage 
which was quite inexpensive and at the same time showed 
up the slightest inaccuracy. I have given only two ways 
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in which this sensitive idea may be applied and I am sure 

that a wider field of application will suggest itself as its 

merits become more appreciated. H. J. BACHMANN. 
New York, N. Y. 


——__— 


VALVE AND PISTON MOVEMENTS. 
Editor MACHINERY: 

The following article contains some rather peculiar and 
interesting facts regarding the valve and piston movements 
of a compound pumping engine, where the center of the fly- 
wheel is considerably above the center line of the crosshead. 

The pump, as originally constructed, had a 32-inch steam 
and a 26-inch water cylinder with a 48-inch stroke, and made 
23 double strokes per minute. It was equipped with steam 
operated piston valves. There were two pumps of this size 
and style placed side by side. These pumps were straight 
line, direct acting and did not have any flywheel, therefore, 
of course, the steam was not used expansively. The indicator 
card showed almost the same pressure when exhausting, as 
the initial pressure of the steam entering the cylinder. The 
pumps were supplied with high-pressure steam which had to 
be wire-drawn at the throttle to prevent too high speed. It 
can easily be seen from the foregoing statements that the 
pumps were not of the most efficient type. It was proposed, 
therefore, that the pumps be tandem compounded, duplexed, 
and a flywheel added—which was eventually done—and just 
here considerable trouble was experienced due to lack of 
room. The pumps were placed very close together and could 
not be moved. The diameter of the flywheel was limited by 
lack of head room and various other parts of the construc- 
tion were also affected by lack of room, as will be seen later. 
After compounding, the steam cylinders were 22 inches and 
40 inches in diameter. The stroke and the water cylinder 
were left the same as before. There were two flywheels 
each 12 feet in diameter but these two were not large enough 
for a very short cut off, but still answered the purpose very 
well. 

Now, with these few words of explanation regarding the 
conditions which limited our construction I will proceed with 
the conditions which we found; presenting a couple of 
sketches to make clear the explanation. While the conditions 
here presented are not new, still I know of no other case of 
an engine in which the conditions are so exaggerated. Of 
course the case is frequently met, in the Westinghouse en- 
gines for instance, where the centers of flywheel and cross- 
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CROSSHEAD TRAVEL 


Fig. 1, First Arrangement. 


head are not in line, but seldom to such an extent as here. 
Shaper heads are usually designed with a quick return, on the 
same principle, but there, there is no valve to contend with. 

As will be seen from the accompanying sketches, the travel 
of the crosshead is 48 inches, but the diameter of the crank- 
pin circle is only 46% inches. The length of connecting rod 
is 9 feet 584 inches, or a ratio of about 2%, to 1. The stroke 
of the valve, which was of the piston type, was 41% inches. 

Fig. 1 shows drawing as originally laid out and as the first 
model was made. 

Fig. 2 shows the arrangement finally adopted. 

Now starting the crosshead at a, which is the first dead 
center (and rotating crank pin in direction of arrow) when 
the crosshead reaches b, which is the first half of the out 
stroke, the crank pin will be at b’,or will have traversed an 
are of nearly 3334 inches. While the crosshead travels the 
second half of the out stroke from b to c, the crank pin tra- 
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verses an are from b’ to c’, or nearly 37% inches. During 
the first half of the in stroke the crosshead travels from c to 
b while the crank pin travels from c’ to b” or an are of 
nearly 4034 inches. While during the last half of the in 
stroke the crosshead travels from b to a while the crankpin 
travels from b” to a’ or an arc of nearly 35%% inches. Now 
from these figures it can be seen that, with the fly wheel cir- 
cumferential speed, or crank pin speed, remaining constant, 
the piston speed must vary considerably for each quarter and 
also for each half of the full double stroke. In fact the actual 
mean piston speed for each quarter of the stroke is as follows: 
ist quarter from a’ to oo is 1924) feet per 
2nd quarter from 0d’ to c’ is 171.2 feet per 
3rd quarter from c’ to b” is 160.6 feet per 
4th quarter from b” to a’ is 183.3 feet per 
Thus the first quarter of the stroke is nearly 
faster than the third quarter. 


minute. 
minute. 
minute. 
minute. 
20 per cent. 
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Fig. 2. Final Arrangement. 


The eccentric which operated the valve could not be placed 
on the main shaft on account of the large diameter of the 
shaft and the lack of clearance room, so a gear was put on in- 
stead and this meshed with a similar gear on the eccentric 
shaft. The eccentric strap connected with a lever, which in 
turn operated a link, a lever, and another link until the valve 
was finally reached. 

Now while the piston speed varied considerably, the valve 
speed was uniform because operated by the circumferential 
speed. Of course under these conditions no satisfactory kind 
of indicator card could be obtained, for when the lead and com- 
pression of both ends were equal there was 7 15-16 inches 
difference in the cut-offs, and the results were vice versa when 
the lengths of cut-off were equal. 

To overcome this difficulty two methods were suggested, one, 
of making the angle between the eccentric strap center line 
and a horizontal line equal to the angle between the connect- 
ing rod center line and a horizontal line; also of making 
the ratio of the length of eccentric strap to the throw of the 
eccentric equal to the ratio of the length of connecting rod 
to the diameter of crank pin travel. By this method it was 
intended to make the speed of the valve directly proportional 
to the speed of the piston at all points. 

The other method was to make cam gears to operate the 
eccentric. These cams were to be so shaped that the same 
result would be obtained. 

The former method was chosen as being the more practi- 
cable and more likely to give satisfactory results. 

A drawing was made and from the drawing a model, which 
made the piston and valve speed proportional at all points of 
the stroke, using the proportions explained above, when pis- 
ton and valve started together from dead center; but when 
the advance was given to the valve, the first, or fastest, 
quarter travel of the valve was thrown so far ahead of the 
piston that the results were still poor. After changing the 
angle a few times, by trial, between the center line of eccen- 
tric strap and a horizontal line, the desired result was ob- 
tained as shown in Fig. 2. 

These two pumps were duplexed and connected at an angle 
of 90 degrees, which produces the following conditions. When 
the crosshead of No. 1 pump is at a the crosshead of No. 2 
pump is beyond 0b because the crank pin has an advance of 
90 degrees or has traveled an arc of about 36 13-16 inches. 
When the crosshead of No. 1 pump has reached 6 the cross- 
head of No. 2 pump is not quite to c, because the second arc 
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trom b’ to c’ is more than 36 13-16 inches. During the third 
quarter of the revolution the piston of No. 1 pump still fur- 
ther gains on No. 2, but in the fourth quarter the reverse 
condition holds. This then presents a condition in which 
there is a never-ending alternateincrease and decrease of dis- 
tance between the two pistons, or for one-half the revolution 
there is less than a half stroke between the pistons and for 
the other half of the revolution there is more than a half 
stroke between them. 

This, however, does not materially affect the efficient run- 
ning of the pump. igi, Ag WD 


DIES USING RUBBER AS AN AGENT FOR 
FORMING DIFFICULT SHAPES. 


Editor MACHINERY: 

The piece which is made by the dies herein described is 
used as a screw cap for cans, bottles, etc., and is a typical 
illustration of the class of work for which these dies are 
fitted. 

Different manufacturers of such goods have different meth- 
ods for rapidly producing formed blanks of this character. 
In some factories wax is used as an agent for forming blanks 
by first filling the cup-shaped blank with melted wax, and 
then placing under pressure. But the use of wax necessitates 
melting, after blank has been formed in order that the wax 
may be removed. Another method is to draw the blank to a 
cup shape and then roll the thread on, which is a very 
economical way where there is no bead on top of the blank. 

The dies described in this article were constructed to use 
rubber for forming the blank and proved to be very satis- 
factory. 

The first step in the production of the screw cap is to deter- 
mine the proper diameter to make the blanking punch and 
die. If a formed blank is furnished as a model, then the 
die maker may determine the proper diameter of blanking die, 
by scribing a circle with a pair of dividers on a piece of 
sheet metal the exact thickness and of same material as the 
model. The circular piece is then cut out, and by carefully 
reducing diameter until it balances exactly with model, he 
may then proceed to make blanking die of same diameter as 
the round piece cut from the sheet metal. It is necessary 
that the balance scales used be very accurate. 

When a bottle or can is furnished as model, then the die 
maker must depend largely upon former experience and also 
the familiar method of ‘cut and try.” For cheaply produc- 
ing any style of drawn work, a double-action press is used 
when possible. The shaft of such a press has two cranks 
or eccentrics so arranged that as the blanking punch starts 
on the upward stroke, after punching out a blank, the draw- 
ing punch descends through center of blanking punch and 
forces blank through the drawing die, which is in the center 
of the blanking die. This arrangement will be clearly un- 
derstood by referring to Fig. 2. The edges of drawing die 
are well rounded, and the end of drawing punch is made 
on the same radius as the top of the model, and same diameter 
as the inside. The blank, of course, takes same shape as 
drawing punch, thereby lessening the amount of work for the 
rubber to perform. 

In “setting up” a drawing die, the essential point lies in 
haying the blanking punch “iron the blank.” In other words 
the press is so adjusted that blanking punch presses the blank 
firmly at bottom of die at S, Fig. 2; otherwise the blanks will 
not draw evenly, or be of a uniform height. The stock is well 
oiled with a lubricant consisting of % parts of pure lard oil 
and 14% of soft soap thoroughly mixed. The blanks as they 
appear after passing through drawing die are shown at 4A, 
Fig. 1. They are then placed on a revolving lathe spindle 
that has been turned to exactly fit them on the inside. The 
tail spindle is turned to conform with outside end and is 
so constructed that when brought to bear on blank by means 
of a lever, the friction causes the tail spindle to revolve. The 
lever end of tail spindle has a ball or knob turned thereon, 
that runs in a ball bearing seat to reduce friction. An ordi- 
nary knurl, straight across the face, is then brought to bear 
upon the blanks, and it is knurled as shown at B, Fig. 1. 

The first thing to be considered in constructing the forming 
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die is the selection of a rigid, powerful press as it requires 
quite a little power to force metal. Having decided upon the 
press, a cast iron bolster, B, is made. This is shown, with 
the dies in place, in Fig. 4. It should have all bearing sur- 
face possible upon the bed of press, and be as thick as stroke 
of press and length of punch will allow. It is planed on 
the bottom and the dovetail on top in which the dies slide, 
great care being exercised to have the angular sides parallel. 
A hole is drilled at C for the adjusting screw and holes are 
drilled and tapped for the set screws AA to fasten securely 
one half of die and to adjust the gib for the other half. The 
next step is making the dies. They are made in halves as 
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Fig.1. A, The Blank. B, The Blank after Knurling. C, The Completed Cap. 


shown in Fig. 3. The steel is selected of a high grade and 
properly annealed. They are then planed all over to within 
1-32 inch of finish size and annealed again. Annealing after 
scale has been removed is to remove, as far as possible, the 
strain that must be in the steel, and the probability of their 
changing during hardening, is much lessened. The dies are 
then planed to required size, and beveled to fit the bolster, 
allowance being made for the gib. One half of the die is 
drilled and counterbored at C, for the lever hinge which is 
shown in place in Fig. 4. A holder or sub-bolster is then 
made to hold dies securely while they are being turned in the 
lathe. The dies are then placed in this holder and fastened 
by means of set screws. 

The line where two halves meet is carefully prick punched 
in center of dies. The proper pitch of model is then ascer- 
tained by dividing 1 inch by the distance from center of one 
thread to the center of next. A templet is filed to the shape of 
thread and an inside thread tool made to match the templet. 

The holder, or sub-bolster, is fastened to faceplate, the dies 
“wriggled up” by prick punch mark, and a hole bored the 
same diameter as inside of blank, *% inch deeper than length 


of model. The bottom of hole is turned the same radius as the 
model. Then, starting *4 inch below surface of die, the hole 


is enlarged to diameter of outside of blank B, Fig. 2. The 
lathe is then geared to cut proper pitch, the thread is chased 
and the recess is bored for the bead 7, Fig. 1. By leaving 
the hole at top of die the same diameter as inside of blank, 
the edges of the blank are prevented from cutting the rubber, 
besides allowing a tight fit for the punch, thereby positively 
confining the rubber. 


— DRAWING PUNCH 


BLANKING PUNCH 


DRAWING DIE 


BLANKING DIE 
S\|_/ 
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Fig. 2. Section through Double 
Action Press. 


Fig. 3. The Die used in Forming 
the Cap. 


The impression in the die is well polished, as the tool marks 
will show on blank if they are left as turned. The bolster or 
holder is then removed from lathe and without disturbing 
the dies, the impression is poured full of babbitt, after having 
been first treated with a light coating of graphite to prevent 
the babbitt from sticking. When thoroughly cool the dies are 
removed from the holder and the babbitt taken from impres- 
sion and laid aside for the time being. A piece of rubber such 
as is used for wagon springs is turned or shaped to fit inside 
of the blank, sufficiently free to allow it to be easily inserted 
and removed and of a length that reaches nearly to top sur- 
face of dies when it is placed in the blank in the die. 
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Before hardening, the dies are placed in the bolster, the 
half P, Fig. 4, is fastened securely by means of the set screws 
and the half R is adjusted by means of gib and set screws So 
that it slides freely when moved by the lever. 

The dies are then closed and the lever hinge J adjusted so 
that when the dies are together, the two parts of the joint 
G will be in a straight line, thus preventing the dies from 
opening when under pressure. This adjustment is accom- 
plished by the screw H which is retained in its position by 
the check nuts, FF. The dies are then ready to be aligned 
with the punch. 

In aligning the die and punch, the ram of press which holds 
the punch is lowered until punch nearly touches the die. The 
bolster is then raised by placing a substantial stick of wood 
up through bed of press, and lifting bolster with knee, using 
poth hands to guide it. When the punch enters the die, the 
ram is lowered until bolster rests on bed of press, in which 
position it is firmly fastened. By pulling over the lever the 
dies are opened. A knurled blank, containing the piece of 
rubber, is now inserted and the dies closed. The rubber does 
not compress, when under pressure, so when the punch de- 
scends upon it the metal is forced out where not supported 
by the dies. When the punch ascends, the rubber returns to 
its original shape and is easily removed from the finished 
blank. 

One or two blanks are formed while the dies are soft, to 
prove that they are correct, after which they are hardened. 
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Fig. 4. The Dies in Position in the Bolster. 


To get best results they are packed in a crucible, using ground 
bone to exclude air and insure an even heat. The degree to 
which they are heated will depend upon the quality of the 
steel, and the die maker must, therefore, be familiar witfa the 
grade of steel used. When the proper heat has been attained, 
the dies are immersed one at a time in a bath of clear water 
previously warmed. They should be held in one place, as the 
swashing back and forth tends to cause them to warp. As 
soon as the hand can be borne against the dies in the bath, 
they are removed, polished with emery cloth and placed at 
one side of fire on hot ashes until the proper color denoting 
temper appears. It is customary with a great many tool 
makers to constantly wipe the face of the die with oily waste 
while drawing temper. But it is not good practice, as the oil 
burns on die, and produces a deep straw color; and when die 
fs cool, that same color can easily be wiped off. Therefore it 
is better not to put anything on die that is liable to produce 
a false temper. After hardening, the dies are soldered to- 
gether, using the babbitt mold to keep them in line, and 
ground first on the bottom, then the beveled sides, and lastly 
the top. The faces where the two halves come together are 
lapped to insure a perfect joint. The dies may now be re- 
placed in the bolster and, having been adjusted as before, are 
then ready for operation. FRANK E. SHAILOR. 
New Haven, Ct. 
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CLASSIFICATION OF MACHINERY AT THE 
ST. LOUIS EXPOSITION. 


As far as now determined, the exhibits of machinery at 
St. Louis will be grouped under five headings, as follows: 
Prime Movers; Transmission of Power; General Machinery; 
Machine Tools; Arsenal Tools. It is not stated in the infor- 
mation at hand whether the section “General Machinery” 
will include agricultural machinery, printing machinery, 
typewriters, automobiles, and other lines not specified above, 
or whether these will be displayed in other departments of the 
exposition. The information so far furnished is as fol- 
lows: 

Prime Movers.—The generation of power from steam will 
be shown by the operation of all the items which go to make 
up a complete plant. This will include boilers and their 
accessories in operation, such as appliances for boiler feeding, 
water purifiers, fuel economizers, superheaters, chimneys, 
smoke consumers, grate bars, flue cleaners. The appliances 
for the transmission of steam, which include systems of 
steam piping, joints, gaskets, valves, traps, separators, con- 
densers, etc., will lead to the prime movers using steam. 
Every type of steam engine, whether stationary or portable, 
reciprocating or rotary, will be included, together with such 
parts as may need special mention, such as valve gears, gov- 
ernors, and apparatus for lubrication. To this group will 
be added all other vapor engines, hydraulic motors, and the 
apparatus for testing the above machines. These latter will 
include turbines, water wheels of the tangential type, water 
pressure engines, etc.; gas engines and the kindred types of 
petroleum, carbonic acid gas, alcohol and compressed air 
motors; also the parts and fittings for such machines, and 
various other motors not specified. 

TRANSMISSION OF PowER.—Such appliances as are essential 
to the transmission of power, and go to make up the last fac- 
tor in the development and use of power. Under this head will 
be found shafting, pulleys, belts, cables, lubricators, etc., while 
in the proper delivery of the power thus generated will natur- 
ally be associated such apparatus as is necessary to record 
its performance. Thus we will find here, counters, speed 
indicators, dynamometers, weighing machines, testing ma- 
chines, etc. 

GENERAL MacHiInery.—Machines for moving heavy bodies, 
including cranes, hoists, conveyors, etc., all machines for 
raising water, such as pumps, hydraulic rams, and systems of 
piping for gas, water and air. Ventilators and blowers will 
be included in this group. To it will also be added fire en- 
gines, hose, and all apparatus used by firemen. 

MacuHINE Toots.—Machines for working in metal and wood 
will be included in this classification. In this section will 
be found steam hammers, machines for punching, shearing, 
etc., methods for working metals and the tools used in con- 
nection with these processes. Automatic machine tools, and 
all machines with cutting tools, such as planers, millers, 
drills, lathes, etc., together with such machines as are used 
for grinding and polishing will also be exhibited here. 

Hand and hand with the advancement in metal working 
machinery are machines for working in wood. These in- 
clude machines for sawing, planing, turning, etc., for polish- 
ing and veneering, and special machines, such as nailing, 
box and basket making machinery. To these classes will be 
added such hand tools as are essential in their manufacture, 
including vises, files, taps, dies, knives, graving tools, etc. 

ARSENAL TooLts.—The increasing perfection in the world’s 
armament and the improvements in all kinds of firearms, have 
brought with them the necessity for special tools, and meth- 
ods of shop practice. That these facts may be recognized, 
these machines have been set apart in a special grouping 
known as “Arsenal Tools.” This will include machines for 
forging, milling, polishing, etc., in the manufacture of guns 
and different arms. Also tools for the manufacture of car- 
tridges and ammunition for both military and sportsmen’s use. 

* * * 


According to Poor’s Manual for 1902 the total railroad mile- 
age in the United States on December 31, 1901, was 198,787 
miles, or practically now 200,000 miles. One-half this mile- 
age has been built since 1882. 
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CONTRIBUTED NOTES AND SHOP KINKS. 


SCALES WITH 1-100 GRADUATIONS. 

X. Y. Z., Richmond, Va., writes: Many mechanics when they 
buy new scales still buy those without any tenths or hun- 
dredths graduation. All the principal manufacturers of scales 
make them and sell them at the same price as the old timers. 
Every up-to-date shop is using the decimal system in laying 
out work. It may therefore be well for apprentices and other 
mechanics who need new scales to buy the tempered ones with 
the 1-100th graduations along with the 1-16, 1-32 and 1-64 
graduations; that is if they are not decided which to get. 


A TRIANGLE KINE. 
e. P. P. sends a drafting room kink which should prove 
of convenience to anyone engaged in structural drafting. Cut 


Za 


Taper 2 p.r ft. 
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out the inner edges of the triangle to a taper of 2 inches per 
foot, as shown at A, A. This gives the proper angle for the 
taper of flanges of I-beams and channels. 


SETTING THE HEADSTOCK FOR TAPER. 

W. H.N., Chicago, Ill., sends the following kink in regard 
to turning a taper by setting over the headstock: 

I had occasion to turn the taper shank shown below and 
not liking the usual cut and try method of doing the job l 
figured out the required set-over as follows: The difference 
in diameter is seen to be 1-32 inch in 3 inches, equal to an 
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axial taper of 1-64 inch. For a total length of 15 inches this 
would be 15-3 X 1-64 = 5-64. This is the amount that the 
tailstock must be set over. 

Now the set-over screw had 12 threads per inch, so to give 
an advance of 5-64 inch it must be given 5-64 + 1-12 times = 
60-64 or 15-16 of a turn. 

By putting a line on the side of the setscrew I was able 
to estimate the 15-16 of a turn very nearly, so that after the 
trial cut, the adjustment had to be altered but very little. 


TOOL FOR FACING AND CHAMFERING NUTS. 

G. M. Strombeck, Moline, Ill., sends a sketch of a tool that 
he uses for facing and chamfering nuts in the lathe. The 
arbor A fits the hole in the end of the lathe spindle, and has 
a short thread at its outer end onto which the nut is screwed, 
as shown by the dotted lines. The tool has two cutting edges, 
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B and C which make an angle of 135 degrees with each other. 
The nut is first faced with the edge B, and then chamfered 
with the edge (C, after which it is removed, turned around and 
the bottom finished with the edge B, this completing the 
operation. 
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A BACK-FACING BAR. 

Mr. Fred. Harrison, Philadelphia, Pa., sends us the sketch 
of a back-facing bar which, he claims, is a great improvement 
on the ordinary facing bar with a double cutter that is con- 
tinually breaking. The object of this cutter is to do away 
with the keys which, in the old-style bar, are used to hold the 
cutter up. A rose milling cutter, after being hardened is 
fitted with the pins A A, while the end of the bar is fitted 
with slots B B for the reception of these pins. By this arrange- 
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ment it is necessary only to slip the cutter on the end of the 
bar when a slight turn locks it securely in place. When the 
work is completed the cutter is simply turned forward and 
slid from the end of the bar. 

A nut C provides for feeding the cutter up to the link. The 
upper end of the bar is made square for the reception of a 
wrench, or it may be made tapering and the bar driven by 
power. 


SPECIAL LATHE DOG. 

CG. D. King, Brooklyn, N. Y., sends us a “kink” that he has 
used for turning pieces having a square head, as shown in Fig. 
1, but which will be found equally convenient for turning bolts 
or anything of a similar shape. It consists of the sheet steel 
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piece A which is bolted to the faceplate, as shown in Fig. 2. 
In this strap is a slot through which the head of the bolt is 
passed when it is put onto the lathe center. The sides of the 
slot serve to drive the work, thus dispensing with the use of 
a lathe dog. 


HOW A FLANGE COUPLING WAS REPAIRED. 

R. H. Hampson, Anniston, Ala., sends us an account of 
a rather ingenious repair job which he recently performed. 
The coupling of a jack-shaft had become loose and it was 
desired to replace it. As the shaft was seven inches in diam- 
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eter and the pulleys were keyed on solidly, it would have 
been a very long and expensive job to have removed them 
in order to turn the shaft in a lathe; so the work was ac- 
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complished in the very simple manner shown in the sketch. 
Four pieces of 2x4 inch timber were securely fastened to 
both floor and ceiling and firmly cross-braced. At the proper 
height a platform was constructed, upon which was mounted 
a carriage taken from a lathe. The old coupling having 
been removed, the engine was run slowly and the shaft re- 
turned. The new coupling was then shrunk on and faced 
off in the same manner that the shaft had been turned. 


TURNING AN AWKWARD SHAFT. 

G. F. H. sends us the following: 

The shaft shown in the figure was recently brought into 
the shop to have its journals re-turned, as they were badly 
worn. The curved arm, B, extended 6 inches beyond the end 
of the shaft, and when we had placed the shaft in the center 
of our 48-inch lathe we found we had not sufficient room to 
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operate the lathe carriage. Finally we clamped the angie 
plate C to the front side of the tailstock and on this mounted 
the tool rest taken from a small lathe, as shown at D. A\I- 
though we were obliged to feed this carriage by hand, we 
were able to do a very satisfactory job with this arrangement. 


TOOL FOR BENDING EYES AND HOOKS. 

Cc. D. King, Brooklyn, N. Y., describes a device which he 
recently made for bending eyes and hooks from wire. It 
consists of the angle piece A and the bending lever C. When 
in use, the angle piece is clamped by its lower end in a vise, 
shown by the dotted lines in Fig. 1. The bending lever is 
pivoted about the pin B, which is held in place by the set 
screw D. The pins #, H# and J, are driven into the upper end 
of the angle piece A, which is cut away on either side to give 
sufficient swing for the lever ©. This lever has a tang on 
which is driven a wooden handle, not shown, by which the 
fixture is operated, while on top is fastened, by two screws, 
the slotted movable finger H, which is adjusted for various 
sizes of eyes and wire. 
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Hook and Eye Forming Tool. 


The process of bending is as follows: The straight piece 
of wire O, Fig. 2, is slipped in between the pin B and the 
finger H, after the handle OC has been brought to the starting 
position, as shown. C is now moved clockwise until it comes 
to the position shown in Fig. 3, and cannot go any farther 
as the finger H comes against the pins H and H. In these 
operations the pin B turns with the finger H, the wire being 
pinched between them by the bending action of the pin J, and 
the eye is completed all but giving a radial bend. It is now 
reversed, as seen in Fig. 4, and a small movement of the part 
CG toward the left brings the stem O radial with the ring as in- 
dicated in dotted lines. 

Several sizes of former pins B will be required for various 
sizes of eyes. 
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A CONVENIENT BORING BAR. 

Those who occasionally have a small job of boring to do 
in the lathe will find such a bar as is described by W. W. 
Cowles, Waterbury, Conn., to be very practical and con- 
venient. This bar is made from cold-rolled steel of any 
diameter and length, depending upon the work to be done. 
A dovetail slot is planed the entire length of the bar and 
fitted with the sliding rod, one end of which is turned up 
as shown at B, while the other end is drilled for the tool 
D that is held in place by the setscrew H. In boring out 
a long hole, where the work can be revolved by the face- 
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Fig. 2 
A Simple Boring Bar. 


plate and supported at the outer end by the center rest, the 
bar is placed on the lathe centers and prevented from turn- 
ing by a dog against the tailstock. A tool is placed in the 
tool-post and the carriage run up until the tool strikes the 
lug B. By throwing in the feed the bar will now be pushed 
through the piece to be bored. Slots C C will have to be cut in 
the bar at intervals so that a wrench can be used on the set 
screw in the end of the feed rod. For boring larger holes 
the collar A is slipped over the bar and fastened to the 
feed rod by two screws as shown in Fig. 2. The cutter is 
then fastened in the collar as at Ff’. 


TURNING PISTON RINGS. 

“Student” sends a “kink” which he has used for turning the 
outside of piston rings. The rings, shown at A, are first 
roughed out in a turret lathe and bored to the required inside 
diameter. The outside turning and facing off of the ends is 
done on the expanding head B. This head is bored to fit 
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Rig for Turning Piston Rings. 


the taper arbor C and turned to fit loosely the bore of the 
rings. It is made narrow enough so that the ends of the 
rings project on either side. The ring is slipped onto the 
head and the taper arbor forced into the hole. The slot D 
in the head allows it to expand and firmly clamp the ring 
which is then finished in the lathe. 


* OK OK 


In boring long cast iron tubes, say 16 inches in diameter, 
excellent results have been obtained by the use of kerosene 
as a lubricating agent. The holes were bored with a “packed 
bit,” of the type used for gun boring and were finished as 
smooth as glass. 
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ITEMS OF MECHANICAL INTEREST. 


LARGEST PULLEY BUILT-READING VERNIER CALIPERS 
—_A TAKE-UP DEVICE FOR INDICATORS - NEW 
BELT LAW—HYDRAULIC BEAM SHEAR. 

The Canadian Electrical News quotes a curious circumstance 
illustrating the difference in speed between sound, which 
travels through the air, and electricity through wire as its 
guide and conductor, that occurred in California. A certain 
powder works blew up in a town while a railway telegraph 
operator was telegraphing to another in a neighboring town. 
At the instant of the occurrence he telegraphed the news to 
the operator, who, sixty seconds afterward heard the report 
of the explosion. He knew it had occurred by wire just one 
minute before he heard the report. Sound travels at about the 
rate of 1,140 feet per second, while electricity accomplishes 
186,000 miles in the same short period of time. 


One of the changes likely to be made by the general use 
of electric power, is the displacement of the steam fire en- 
gine by the electric motor pump. Already in France the elec- 
tric fire pump has been tried with success, being much lighter 
to handle and quicker to get into opera- 
tion. One horse draws the pump to the 
fire and connection is made with the 
street car line circuit. The moment con- 
nection is made the pump is ready for 
business, and expense for power ceases the 
moment the current is shut off. If such 
a system of fire protection was developed 
for a city it would probably be that each 
fire hydrant would also. be an electric 
“hydrant” having a socket for connecting 
the wires leading to the motor driving the 
pump. The system of electric mains could 
be laid underground and parallel with the 
water mains, where they would be reason- 
ably secure from accidents. 


A correspondent of the Scientific Amer- 
ican suggests that calcium carbide may be 
used for quickly obtaining heavy pres- 
sures and that it might be made useful 
for baling cotton, hay, straw, and for many 
other kinds of work where heavy pressure 
is required for brief intervals of time. Its 
merit would lie in the simplicity of the 
apparatus. He has experimented with a 
four-foot steel pipe capped at one end and 
provided with a cap and stuffing box at 
the other end, through which a turned 
shaft was inserted carrying at its lower 
end a basket for the carbide. A release 
cock and gage reading to 400 pounds were 
also provided. The pipe was filled with 
water to a depth of six or eight inches. 
On lowering the carbide basket to the 
water and forcing the air out of the pipe, a second quick 
plunge forced the gage around to 400 pounds in three seconds. 


A labor-saving device of the first order is a hydraulic tire 
setting machine for wagon wheels. The ordinary process 
of taking the tire off the wheel, cutting out a section, and 
welding the ends together, as followed by many blacksmith 
shops, takes considerable time and labor and is usually an 
unsatisfactory job in a number of ways. The distance be- 
tween the bolt holes that straddle the weld is shortened, and 
unless the blacksmith is quite skillful the wheel is likely io 
be “dished” too much. With steel tires there is also the 
difficulty of getting perfect welds. To be sure there are tire 
upsetting machines which shorten the tire circumference 
without cutting and welding, but these require the tires to 
be removed from the wheels. The device referred to con- 
sists of a horizontal frame carrying, say, fourteen plungers 
attached to the inside of a strong circular ring and all point- 
ing toward the center. The wheel with the tire in place is 
laid in the center of the ring so that the plungers bear on 
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the tire. Then all are forced inward at the same time with 
a water pressure that may be carried up to 2,500 pounds per 
square inch. The amount the tire is shortened is under per- 
fect control and consequently the amount of “dish.” No 
dismantling or heating whatever is necessary. It is claimed 
that a tire can be set in one minute. 


The use of graphite in soft paste form for lubricating 
bicycle and automobile chains, is by no means new, but its 
use in the form of cakes having a moderately high melting 
temperature, is comparatively so. Chain graphite is prepared 
in this form, by the Dixon Company, that requires a tempera- 
ture of about 180 degrees F. to melt and it is to be applied to 
the chains while hot. It is melted in a shallow pan large 
enough to contain the chain coiled in a close spiral. The 
chain (which should be well-cleaned) is dipped and allowed 
to remain for some several minutes. This gives time for 
the air around the joints to escape and allows the graphite to 
penetrate to all the working parts. The advantages of chain 
graphite prepared in this manner, are that it forms a solid 
bushing around each rivet that is not easily displaced, and 
that it does not attract the dust and dirt of the highway. 
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Largest Wood Pulley ever Built. 


A MONSTER WOOD PULLEY. 

What is believed to be the largest wood pulley ever built 
was lately made by the Reeves Pulley Co., Columbus, Ind. 
This pulley, which is illustrated in the accompanying halt- 
tone, is 20 feet in diameter, has a face 30 inches wide, and is 
bored for an 18-inch shaft. Although larger than anything 
ever before attempted by the Reeves Co., this pulley was 
completed within 20 days from the time that the order was 
received. It was furnished to the Taunton-New Bedford Cop- 
per Co., New Bedford, Mass. 


AN ELECTRIC WHIP. 

While of no particular importance as an invention, a Georgia 
mail carrier has produced an electric whip which has the 
merit of novelty. He drove a letter carrier’s wagon with doors 
that could be closed in case of rain. In stormy weather he 
naturally disliked to open one of the doors in order to reach 
out and apply the lash to his equine, which, being an intelli- 
gent animal, naturally took advantage of this situation and 
always lagged in rainy weather. To overcome this propensity 
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the Georgia Edison attached a pair of copper plates under the 
harness saddle and connected them by wire to a hand operated 
dynamo in the wagon. When the steed began to jog up and 
down, without making much advance, it was time to turn the 
dynamo crank, which gave the horse a very evident wish to 
get over the ground more rapidly and almost any desired 
speed could be obtained, according to the number of rotations 
per minute given the dynamo armature. An apparatus is now 
contemplated, says the Atlanta Oonstitution, which paper has 
the distinction of first telling about this invention, for use on 
plows, whereby both the mule and plow hand shall be automat- 
ically shocked every few minutes. It is believed that such an 
attachment would find a tremendous sale all over the south, as 
by its use farmers could be very sure that no darkey would 
go to sleep between the plow handles. 


WRENCH FOR SMOOTH PIPE AND TUBING. 

The wrench shown in the cut has recently been brought out 
for use on polished pipes and tubing, where the scratches 
caused by the use of an ordinary wrench would mar the ap- 
pearance of the pipes, or perhaps, of the entire machine. The 
canvas strap is passed around the pipe and held firmly by the 
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A Novel Pipe Wrench. 


pressure of the toe of the wrench, thus securely gripping the 
pipe without bringing any metallic part of the wrench in 
contact with the polished surface. The simple ratchet move- 
ment by which the wrench is operated, renders it especially 
convenient for use in close quarters, while its wide range 
makes it equivalent to three sizes of ordinary wrenches. An 
18-inch wrench is applicable to all sizes from 1 inch to 5 inches 
in diameter, while a smaller size takes all pipe 1 inch diameter 
and under. This wrench is made by the Warnock Mfg. Co., of 
Boston, Mass. 


READING VERNIER CALIPERS. 

The application of the vernier to beam calipers, for fine 
measurements, usually in thousandths, is familiar to most 
machinists. Less familiar, but equally convenient, is the use 
of the vernier for making the ordinary scale measurements in 
16ths and sub-divisions thereof. 

The cut shows a beam caliper with vernier slide, by the use 
of which measurements are made in 128ths of an inch. The 
beam is divided into 16ths of an inch, while a space of 7-16 


Vernier Caliper for Reading in 64ths and 128ths. 


on the vernier slide is divided into eight divisions, each one 
of which is consequently 1-128 inch less than 1-16. Now if the 
0 line of the scale has passed a certain mark on the beam 
and the line at the right of the first space, on the scale, coin- 
cides with a line on the beam, then 1-128 inch must be 
added to the reading of the mark passed by the 0 line. If 
two spaces on the scale are passed before two lines correspond 
then 1-64 is added, and so on. In the cut it will be seen that 
the left hand, or 0 line, of the scale, has passed the 1% line on 
the beam and seven spaces on the scale have been passed 
before a line on both scale and beam coincides. Therefore 
7-128 must be added to 1% to give the reading of the opening 
between the jaws of the caliper, that is 23-128 inch. 

This method of graduating makes working to the ordinary 
scale dimensions a matter of much more accuracy than is 
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possible with the use of the ordinary caliper and steel scale, 
besides being far easier on the eyes of the machinist. Calipers 
of the kind described are manufactured by H. G. Smith, Col- 
umbia, Pa. 


A TAKE-UP DEVICE FOR USE IN CONNECTION WiTH 
THE DETENT OF THE INDICATOR. 


The majority of indicators in use at present are provided 
with a detent by means of which the paper drum is stopped 
and held stationary so that cards may be taken off and new 
ones put on without unhooking the cord from the crosshead. 
The great trouble that has been experienced in using the de- 
tent on the indicator has been caused by the slack of the cord 
between the drum and the reducing wheel. This slack, if not 
properly guided, is very likely to get fouled with some parts 
of the indicator and if the instrument is not wrecked the 
cord at least is broken, causing delay and inconvenience to the 
operator. In order to overcome this trouble a take-up de- 
vice, which may be attached to any style of indicator, has 
lately been devised. 

A short horizontal arm, which is fastened to the indicator, 
is provided at the outer end with a vertical bearing, at the 
upper end of which is a frame carrying two sets of steel 
rollers. Between these rollers passes the cord from the drum 
to the reducing wheel. On the lower end of the vertical bear- 


Indicator with Take-up Device. 


ing is a light enclosed spiral spring which causes the upper 
frame to revolve when the cord becomes slack as is the case 
when the detent is thrown in. The arrangement is such that 
as soon as the detent is thrown in, the cord from the reduc- 
ing wheel, which ordinarily winds and unwinds from the bar- 
rel, is now automatically wound on the take-up frame while the 
barrel remains stationary. The spring in the take-up is so 
much weaker than that in the barrel that as soon as the de- 
tent is thrown out of action the cord immediately becomes 
taut between the drum and wheel and slides freely between 
the two sets of rollers on the vertical frame. 

The illustration shows the device as attached to one of the 
standard indicators. It is manufactured by James L. Robert- 
son & Sons, New York. 


A NEW BELT LAW. 

The old law that the efficiency of a belt for transmission of 
power increases with its initial tension (to the limit of prac- 
tical strain, of course) is so commonly accepted that the fol- 
lowing results, directly opposed to that law, and which were 
sent us by the Cling-Surface Mfg. Co., Buffalo, N. Y., are of 
considerable mechanical interest. 

Two new and identical 4-inch belts were used, leading from 
two similar 8-inch pulleys on the single shaft of a 10 horse 
power motor to two similar 12-inch pulleys on two similar 
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generators. The centers were 8 feet. One belt had been 
treated with Cling-Surface, the other was as it came from the 
maker. A wattmeter was connected to each generator, and 
circuit and switches were arranged to throw full load on 
either generator. In the one case, intimate contact between 
pelt and pulley was secured by the application of the Cling- 
Surface preparation and the tests showed that such a belt 
would not only run slack under full load, but would transmit 
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Fig. 1. Machine for Cutting Oil Grooves. 


more power when running slack than when running tight. 
This is due to the increased belt and pulley contact and great 
reduction of friction load. In the other case the frictional 
resistance between pulley and belt could be maintained only 
by increasing the tension and consequent normal pressure 
upon the pulley face, as the load increased. This resulted in 
increased friction load, and a reduction in the proportionate 
amount of power transmitted. The wattmeter readings were 
as follows: 
Four-inch Belt with Cling-Surface. 


At 54 pounds initial tension, transmitted 7 3-5 horse power. 
At 40 pounds initial tension, transmitted 7 4-5 horse power. 
At 30 pounds initial tension, transmitted 8 1-5 horse power. 
At 20 pounds initial tension, transmitted 8 4-5 horse power. 
At 15 pounds initial tension, transmitted 9 1-5 horse power. 
At 10 pounds initial tension, transmitted 10 horse power. 
At this point with 814 pounds initial tension on the belt 
the slack was so great that there was only 2%4 inches be- 
tween the upper and lower side of the belt in the center. 


Four-inch Belt without Cling-Surface. 

At 54 pounds initial tension, transmitted 7 3-5 horse power. 

At 45 pounds initial tension, transmitted 6 horse power. 

At 40 pounds initial tension, transmitted 5 1-5 horse power. 

At 35 pounds initial tension, transmitted 4 3-5 horse power. 

At 30 pounds initial tension, transmitted 4 horse power. 

At 20 pounds initial tension, transmitted 3 2-5 horse power 
and there stopped. The belt here slipped around the pulley 
and would transmit no more power. 


MACHINES FOR CUTTING OIL GROOVES. 

Any machinist who has cut oil grooves in a long bushing 
with a hammer and chisel will be interested in the machine 
shown in Figs. 1 and 2, which is designed for doing this and 
similar kinds of oil groove cutting. Fig. 1 shows a general 
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Fig. 2. Cutting an Oil Groove in a Bushing. 


view of the machine, which is clamped to a bench in the 
Same manner as a vise. The work is supported in a V rest 
which has an up-and-down adjustment operated by means of 
a handwheel. The tool is held in a bar and drawn through 
the hole in a manner similar to the action of a draw-cut 
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shaper. By the provision of change gears, reversing gears 
and a friction clutch, it is possible to cut oil grooves 
straight, spiral, (right or left hand) or straight with spiral 
starting and ending. A micrometer feed and adjustable stop 
are provided for regulating the depth of the groove. The 
machine does better and more effective work than can be 
done by hand besides keeping collected together the chips 
that, when the work is done by hand, fly all over the shop. 
It is made by C. W. Burton, Griffiths & Co., Ludgate Square, 
London, EH. C. 


ELECTRICALLY-OPERATED HYDRAULIC SHEAR. 

Robert Grimshaw, Hanover, Germany, sends a photograph 
and brief description of an electric hydraulic beam shear, 
which in points of size and design is somewhat unusual. The 
machine consists of the shear proper and a pump driven by a 
10 horse power electric motor. The shear has two cast-steel 
stands that are connected by a single steel casting which also 
forms the cylinder. The piston of the latter, which has leather 
packing, has at its lower end the tool-holder, which has side 


German Hydraulic Beam Shear. 


guides on the stand and receives in the best possible manner 
the side pressure unavoidable in shearing off beams of varying 
resistance. The lower guide prevents the tool from moving in 
a fore-and-aft direction. The stationary lower knife and the 
side knives are directly between the halves of the stand. These 
side knives may be adjusted by means of a spindle and hand 
wheel. 

After the bar has been cut off, water is admitted to the two 
reversing cylinders, shown at the top of the side columns. The 
pistons of these cylinders are connected with the sides of the 
tool holder and by them the shear is returned to cutting 
position. The water supply for both cylinders is con- 
trolled by valve gear on the side of the housing. The pres- 
sure pump, which is at the side of the machine, has a 
double piston. At first both pistons are in action, so as to ex- 
pedite that part of the stroke where no work is being done; 
then, as soon as resistance is felt, one piston is thrown out 
and correspondingly higher pressure put on. 
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NEW TOOLS OF THE MONTH. 


A RECORD OF NEW TOOLS AND APPLIANCES FOR MACHINE SHOP USE. 


COMBINATION TOOL FOR MACHINING STEAM ENGINE 
CYLINDERS AND FRAMES AT ONE SETTING. 


One of the latest productions of the Beaman & Smith Co., 
Providence, R. I., is the combined milling and boring machine 
illustrated in Figs. 1 and 2. It is designed for machining 


small-sized engine frames of the type having cylinder, bed- 
plate and crank-shaft bearing combined in one casting. Upon 
this machine these frames can be machined complete at 
one setting. A main boring spindle bores out the cylinder and 
faces it for the head, a milling cutter finishes the cross 
head guides, and a secondary boring spindle bores and faces 
the sides of the crank-shaft bearing. 


Fig. 1. Cylinder Machine, Front View, 


The main boring spindle is 4 inches in diameter and is 
driven by a 3%-inch belt running on a five-section cone. A 
spindle speed of 20 feet per minute is suitable for boring 
cylinders from 4 to 19 inches in diameter. This spindle has 
a feed of 50 inches and will feed at the rate of 4, 6, 12, or 36 
revolutions per inch of travel, in either direction. The 
facing capacity is from 4 inches to 24 inches in diameter 
and the tool feed, either in or out, is 1-30, 2-30, or 3-30 inch 
per revolution. Each facer has a fine adjustment, on its 
table, of 6 inches. This machine will bore and face cylinders 
up to 40 inches in diameter. 


Fig. 2. Cylinder Machine, Back View. 


The milling spindle, shown on the cross rail, is driven by a 
38-inch belt on a five-section cone, giving speeds from 10 to 102 
revolutions per minute. These speeds are suitable for cut- 
ters from %-inch to 7 inches in diameter running at a 
cutting speed of 20 feet per minute. The milling feeds run 
from 7 to 4 inches per minute at all speeds. The spindle 
has a feed on the cross rail of 40 inches and is adjustable 
above the table from 10 to 33 inches, 6 inches of which is the 
spindle head adjustment in the saddle. 

The spindle used for boring the crank-shaft bearings is 


3 inches in diameter and has a feed of 36 inches. It is driven 
by a 38-inch belt on the same cone that is used for driving the 
milling spindle, since the milling spindle and the crank-shaft 
boring bar are not used at the same time. Suitable clutches 
are provided for shifting from one mechanism to the other. 
This bar has boring speeds of 12, 16, 21, 28 or 37 revolutions. 
per minute and is suitable for boring, at 20 feet per minute, 
from 2 to 6 inches in diameter. The feeds are 131-3, 40, 80 
and 120 revolutions per inch of travel. 

The table is 14 feet long and 24 inches wide, the working 
surface, from end of table to facing tool, being 8 feet and 3 
inches. It is driven by a 3-inch stationary feed screw on 
which is a revolving nut provided with anti-friction ball bear- 
ings at each end. The feed is from 2 to 16 inches per minute, 
in either direction, regardless of milling spindle speeds. It 
has an automatic stop and a fast movement of about 15 feet 
per minute in either direction besides the hand movement. 
There is a clamping arrangement by which the table is locked 
when the machine is being used for cross milling or for 
boring crank-shaft bearings. The traverse of the table is 
about 9 feet 6 inches and the distance between uprights 40 


inches. The boring spindle centers are 15 inches above the 
top of the table. The weight of this machine is about 25,000 
pounds. 


BICKFORD DRILL AND TOOL CO.’S TREPANNING 
MACHINE. 

Fig. 2 (next page) shows some drill chips that, by comparison 
with the three-inch scale, will be seen to be of quite unusual 
size. These chips were made with a four-inch flat drill oper- 
ating in solid .45 carbon steel at the rate of 1144 inches per 
minute, feed .072 inch per revolution, using water as a lubri- 
cant. 


Fig. 1. Three-foot Trepanning Machine. 


The machine with which this work was accomplished is 
illustrated in Fig. 1. It is termed a three-foot trepanning 
machine and is the product of the Bickford Drill & Tool Co., 
Cincinnati, Ohio. This is designed for all kinds of heavy 
drilling, facing, tapping and trepanning and is capable of 
receiving work 86 inches wide, between the housings. The 
head and cross rail are made in one piece, so designed as to 
eliminate all overhanging of the spindle. The table is adjust- 
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able both transversely and longitudinally, and when not 
needed may be slid back out of the way, for which purpose an 
extension is cast on the base. 

The spindle has 16 changes of speed ranging from 6 to 60 
revolutions per minute, and eight changes of feed ranging 


Fig. 2. Chips made with Bickford Trepanning Machine. 


from .01 to .1 inch per revolution. All changes are accom- 
plished by the movement of levers, no belt shifting being 
required. Both hand and power quick advance and return 
are also provided. 


ELECTRIC BLUE PRINTING MACHINE. 

In Figs. 1 and 2 is shown a new electric blue printing ma- 
chine that has been placed on the market by the HBugene 
Dietzgen Co., Chicago. The general arrangement of glass 
cylinder with its canvas cover is practically the same that has 
been employed in former machines but for inserting the paper 
and tracing, the cylinder can be swung down into a horizontal 
position, making the manipulation much easier than is possi- 


Fig. 1. 


In Position for Loading. Fig. 2. In Position for Printing. 


ble where it remains upright. After prints have been put on 
one side of the horizontal cylinder it is turned completely 
over and prints are placed on the opposite side. The cylinder 
is then tipped up and locked in a vertical position ready for 
printing. By touching a lever the arc lamp starts in its 
descent through the center of the cylinder at a speed that 
can be regulated to suit the sensitiveness of the paper em- 
ployed. When the lamp has reached the lowest point of the 
printing surface it automatically reverses its motion and re- 
turns to its original position above the cylinder. The operat- 
ing mechanism is all mounted on the back of the stand so 
that the machine is entirely self-contained. 


A NEW DRILL MANUFACTURED BY THE DRESES MACHINE 
TOOL CO. 
The Dreses Machine. Tool Co., Cincinnati, O, have just 


brought out a new radial drill which, after a thorough trial, 
is now ready for the market. The outline of this drill fol- 
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lows quite closely that of their old machines, only all vital 
parts have been made stronger and heavier. A lever, which 
may be seen protruding through the arm near the column, is 
used for quickly starting, stopping and reversing the spindle 
for tapping. It also engages the back gears according as its 
position is central, right or left. The little knurled head 
screw, passing through this lever, limits the brake power of 
the forward driving friction clutch and can be so adjusted 
that it just drives the tap but slips if the hole is too small, 


Dreses Machine Tool Co.’s Radial Drill. 


or when the tap strikes the bottom of the hole or any other 
obstruction. In connection with the gearing on the two 
horizontal driving shafts are four friction clutches which are 
operated by two levers, while any one of four quick-return 
levers disengages the feed and operates the spindle. This is 
accomplished by a single movement with but one hand. There 
are four changes of feed which can be varied by shifting the 
knob on the feed rod while the machine is in operation. The 
spindle is provided with a depth gage and an automatic stop. 


EXTENSIBLE STOCK DRAWER RACKS. 

The “elastic” principle, which has long been employed by 
the Globe-Wernicke Co., for the construction of book cases 
in sections or units, has recently been applied by the Cleveland 
Wire Spring Co. to iron racks with steel boxes for holding 


Rack of Steel Stock Drawers. 


tools, shop supplies, ete. One of these racks, consisting of 
seven sections, with drawers facing on both sides, is shown 
in the accompanying half-tone. A rack of this capacity is 
8 feet high, 8 feet long and 32 inches deep, while the length 
may be increased indefinitely by the introduction of addi- 
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tional sections. The boxes are made of sheet steel with the 
angles turned on all corners, making a strong and durable 
box, which is very desirable in case of fire. One concern, 
recently burned out, lost almost all of their small tools ex- 
cept what they had in these trays, the contents of which were 
taken out practically uninjured. 

These cases are used by a large number of firms who prefer 
them to wooden boxes on account of their convenience, 
cleanliness and durability. 


THE NEW MODEL TURRET LATHES. 

The Pratt & Whitney Co., Hartford, Conn., have recently 
re-designed two sizes of their new model turret lathes, re- 
taining those features of the early machines which have 
proved of merit and adding new features for 
increasing the accuracy, capacity and con- 
venience of the machines. While they are 
designed for manufacturing in large quanti- 
ties, yet the tools of these machines may be 
set so easily that it is often of advantage to 
employ them for making as few as six pieces. 
The capacities of the two improved machines 
are, respectively, % x 4% inches and 1 x 10 
inches, which latter is shown in Fig. 1. AS 
will be noticed in this cut, the headstock, 
bed and pan are cast in one piece. This ar- 
rangement insures alignment of the head 
and bed, and connects the parts in the best 
possible manner. Tae reversed position of 
the cones permits the front bearing to be re- 
inforced and better provides against spring- 
ing when heavy cuts are being taken. The 
end thrust of the spindle is taken entirely 
on the main bearing. 

A detail of the turret and turret slide is 
shown in Fig. 2. The slide runs directly on 
the bed of the lathe, thus avoiding any inter- 
mediate construction and making the align- 
ment more permanent. The sliding sur- 
faces are gibbed underneath so that the trans- 
verse alignment of the cutting toolis not dis- 
turbed in making adjustment for wear. On 
the 54x 41% inch lathe the turret slide is moved by a lever, but 
on the larger size either lever or capstan wheel may be used, the 
change being quickly made from one to the other. The turret 
revolves about a heavy conical post which is bored, in align- 
ment with the machine, to permit work being passed through 
the turret when necessary. The locking bolt, which is of 
steel, is provided with a taper gib and may be adjusted for 
wear without removing the turret from the slide. Locking 
takes place directly under the turret head, and no matter 
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Fig. 2. Turret and Turret Slide. 


how quickly the turret may be indexed it is impossible for it 
to “over-run” or be carried beyond the index notch. When 
but two turret tools are used, the index mechanism may 
be thrown out by giving a partial revolution to the disen- 
gaging pin P Fig. 2. This allows the head to be indexed back 
and forth by hand between the two tools. The regular index- 
ing is put into operation again by simply turning this pin 
back to its original position. On the base of the turret head 
is a cam J which, by acting upon the roller K and through 
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the shaft L, causes the lever M to swing in or out as the tur- 
ret revolves. The lever, therefore, occupies a series of posi- 
tions corresponding to whichever hole of the turret is 
in working position. For each of these positions there is 
a stop, S1 to S6, which is adjusted to give the proper length 
of feed to its corresponding tool. The lever M at all times 
bears against the bracket N, so that when it comes in con- 
tact with one of the rods the feed of the turret slide is 
brought to a positive stop and no undue straining on the 
capstan wheel can in any way injure the turret mechanism. 

The rod feed used on these machines is a modified form of 
the Parkhurst type of wire feed, the modification consisting 
in the use of a feeding sleeve operated through a link con- 
nected at a distance from the fulcrum point about double that 
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Fig. 1. 1 inch x10 inch New Model Turret Lathe. 


at which the closing link is located. This construction per- 
mits, without sacrificing power in the closing mechanism, 
double the feed of rod to a given movement of the lever that 
can be obtained with the standard form of rod feed. 

The collets are so arranged that, in closing, they do not 
withdraw or further advance the stock, a feature that is 
especially desirable in doing “second operation” work. For 
turning short pieces, such as rings or collars, which have a 
diameter above the capacity of the regular collets, split step 


Fig. 8. Rod Feed Mechanism. 


chucks are supplied, thus materially increasing the range of 
work that these machines will handle. In these chucks the 
feature of the non-withdrawal of the chuck in closing is re- 
tained. By reason of the small diameter of nose-piece for a 
given diameter of collet it is possible to employ a heavy 
double cross slide directly under the collet and to support the 
cut-off and forming tools on the same without overhang. This 
slide may be placed anywhere between the headstock and the 
turret slides and rigidly clamped at any desired location. 


December, 1902. 


There are adjustable stops for the forming and cut-off tools. 
The tools may be operated by lever feed, if the work is light, 
or by handwheel and screw mechanism when the work is 
heavy or the tool not easily controlled by the lever. 

The turret tools are made with a wide range of adjustment 
to cover a great variety of shapes. In Fig. 4 is shown the sin- 
gle roughing tool with steady rest. The cutter holder swings 
from a center so that the point of the tangent tool varies 
the least possible from the best cutting position, no matter 
how large or how small the piece operated upon may be. The 


cutter is adjusted by the screw at the top and locked by a 
clamp screw. When it is desired to withdraw the cutter, the 
It is 


clamp screw is loosened and the tool swung back. 


Fig. 4. Single Roughing Tool 


equally easy to return the cutter to its proper position by 
bringing the adjusting screw to the stop upon which it bears. 
The single finishing tool with steady rest is shown in Fig. 5. 
This tool has the same form of steady rest as the roughing 
tool but the cutter is held radially in a swinging arm. 

On work having two or three shoulders a multiple tool, 
one of which is shown in Fig. 6, can be used to good ad- 
vantage. The tool illustrated is a finishing tool but multiple 
roughing tools also are made for use with these machines. 


Fig. 6. Multiple Finishing Tool. 


The steady rests are identical with those on the single tools 
except that the slotted stud is lengthened to accommodate two 
or more jaws. Each of the cutters is entirely independent and 
adjustable while the distance between the shoulders may be 
almost anything within the total range of the tool. The shank 
of all of these tools is hollow, in order that work may pass 
directly through the turret. 


IMPROVED POWER HACK SAW MACHINE. 

Although it is only a few years ago since the first power 
hack saw machine was brought out, it is now considered a 
necessity in every machine shop, and is a tool often found 
in other shops and in stores where bar iron and steel must 
be cut into lengths. The first power saws were crude tools 
that cut off stock, it is true, but in a haphazard and irreg- 
ular way. No one would trust one of the earlier machines 
to saw off disks requiring to be finished to exact thickness 
without allowing a liberal margin for the “run of the saw.” 
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Fig. 5. Single Finishing Tool. 
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In the power hack saw machine illustrated in the cut, we 
have a tool that is carefully designed and constructed. It 
produces quite remarkable work, it being possible to cut off 
very thin disks from a steel bar, showing little if any 
deviation from parallelism between the two sides. This re- 
sult is obtained by certain features of design which con- 
strain the saw blade to feed vertically downward in a per- 
fectly straight line, there being no tendency for the con- 
necting-rod to twist the saw out of true. By referring to 
the cut it will be seen that the connecting-rod is attached 
to the slide O, which moves on a guide entirely independent 
of the saw frame. The saw frame is not rigidly attached to 
the guide but is connected to it by a pin working in a verti- 
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Power Hack Saw, Cutting Steel Disks. 


cal slot shown at D. This permits the saw to be moved up 
and down without changing the angularity of the connecting- 
rod, or in any way interfering with the regularity of the re- 
ciprocating motion. The saw frame is supported by a slide 
at the top moving on a horizontal guide attached to a 
sleeve. This sleeve encircles the vertical post B, the post 
acting as one of the vertical guides. A saw guide, adjust- 
able in all directions, is attached to the sleeve so as to 
straddle the saw blade close to the work. Gages are provided 
for setting the saw blades truly vertical, but after a blade 
has once been set it may be quickly replaced by another 
without any adjustment whatever. This is considered to be 
an important feature in producing a true vertical cut, and 
preventing saw blades breaking. The saw frame is lifted and 
lowered by the lever H, and a weight J is mounted on the 
lever to regulate the cut. As the saw becames dull the 
weight is moved outward on # to increase the leverage. The 
vise is swiveled so that it may be set for angular cuts. It 
is shown in the extreme angular position, or 45 degrees. No 
countershaft is required, there being a clutch with handle 
F attached to the machine for starting and stopping. When 
the work is sawed through, a bell rings continuously until 
the machine is stopped. 

This power hack saw machine is made in three sizes, 
2x2, 8x8, and 414x41% inches, by L. H. Olmsted, Hasbrouci 
Heights, N. J. 


AUTOMATIC THREE-WAY BORING AND TAPPING 
MACHINES. 
The machine shown in Fig. 1, p. 228, is used for tapping tees, 
crosses, elbows, globe, angle and cross valves, or in fact, any 
kind of work that requires tapping and is within the limits 
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of the capacity of the machine. It is capable of cutting sim- 
ultaneously, three 14-inch pipe threads in brass. 

The machine is spiral geared throughout and is absolutely 
noiseless. It is driven with a pair of wood and iron friction 
clutch pulleys with open and crossed belts. The counter- 
shaft has cones for three different speeds. The different 
feeds of the spindle are positive and are accomplished by 
change gears in a manner similar to that employed on a lathe. 
The feed gears are arranged with a clutch to which the spin- 
dles can be adjusted, independently of each other, for different 
depths of taps. 

The chuck, shown in the photograph, is of the ordinary, 
two-jaw type with right and left hand screws, so adjusted 
as to receive special jaws for different kinds of work. In the 
place of this may be substituted a double chuck that is 
pivoted in the center and holds two pieces of work, back 
to back. The instant the taps have returned far enough 
out to clear the work, this chuck is revolved half way round 
and the new fitting is presented in front of the taps, and 
while the machine operates on this piece, the one previously 
finished is removed from the chuck and a new piece put in; 
in this way the delay due to taking out the finished piece and 
putting in a new piece, as is necessary on the single chuck, 
is avoided. 

The regulator or governor is that part which is prominent 
on the housing of the center spindle. It has two small pul- 
leys which are driven from the countershaft by independent 
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Automatic Three-way Tapping Machine. 


belts. One belt would be sufficient for the work required 
but if this should break there would be no means of reversing 
or stopping the machine except by stopping the countershalit, 
so the second belt is added for safety. The regulator is of 
the most positive action without any storage of power in 
springs. When the taps have cut deep enough into the work 
the regulator reverses the large friction clutch pulleys, un- 
screws the taps out of the work and stops the machine. The 
operator then revolves the chuck half way around, thereby 
bringing a new casting into position for machining, starts the 
machine and the operation is repeated. The operator can at 
any and all times control the machine by the crank handle 
on front of regulator, that is, he can stop it or reverse 
it or run the spindles all the way back, without interfering 
with the automatic adjustment of the tap. When the taps 
are going into the work the machine will reverse automatically 


at the proper distance in, and on coming the proper distance 


out it will stop. 

The machine is provided with an arrangement whereby the 
taps, when they unscrew from the work, will start one after 
the other, the benefit of this being that they will not injure 
the thread in the work when coming back, and will start 
reversing very much easier than if the three spindles should 
all start backwards at the same time. 

For tapping iron or steel the machine is furnished with 
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an oil pump, and a wrought iron pan for catching the chips 
and oil. 

A companion to this is the three-way poring machine 
shown in Fig. 2, which is similar in construction and opera- 
tion to the tapping machine but bores and faces only. It is 
used on valves and fittings which require boring and facing 
previous to being tapped. 


Fig. 2. Automatic Three-way Boring Machine. 


The chuck, either single or double, is identica! with that 
used on the tapping machine and the same special jaws will 
fit both machines. The cutting tool is a multiple combina- 
tion of counterbore and facing tool and the feeding mechanism 
is so arranged that when the tool first enters the work 
the feed is quite coarse. As the tool goes deeper into the work 
the feed decreases until, when the flanges or ends of the work 
are being faced, one or two revolutions are made without 
any feed at all. This produces a smooth hole and a nicely 
finished surface. The tools have a quick return movement 
and three different feeds which may be instantly changed 
from one to the other. As soon as the tool has been with- 
drawn from the work the feed comes to a standstill while 
the spindle continues running, but the feed will not start 
until the operator is ready, when it is started by lifting @ 
small handle on the front of the machine. Each spindle is 
provided with independent adjustments for depths. 

Both of these machines are manufactured by Edward P. 
Walter, Bridgeport, Conn. 


THE O. K. CUTTING-OFF TOOL. 

A new and convenient cutting-off tool that has recently 
been patented and placed on the market by the O. K. Tool 
Holder Co., ‘Shelton, Conn., is illustrated in the accompanying 
cut. The peculiarity of this tool, as will be seen, is the forma- 
tion of a point in the center of the cutting edge. This breaks 


Industrial Press, N.Y. 


O. K. Cutting-off Tool. 


up the chip and causes the tool to make a clean cut. In order 
to grind the blades they may be removed from the holder 
without changing its position, while the shape of the blades 
is such that grinding does not disturb the accuracy of the 
cutting edge. The tool can be adjusted to take a chip of any 
thickness and will not dig in, break or spoil the work, Straight 
or off-set blades may be used in the holder as is desired. 
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TWENTY-SIX INCH RAPID REDUCTION LATHE. 

With the advent of the present high grades of tool steel, 
allowing cutting speeds of 100 to 200 feet per minute, a de- 
mand has arisen for tools that are qualified to withstand the 
increased service which the use of such speeds involves. It 
is to meet this demand that the Bullard Machine Tool Co., 
Bridgeport, Conn., have produced the “rapid reduction lathe” 
which is here illustrated. The simultaneous demand for great 
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the bed. A quick-acting power traverse is provided for moving 
the carriage rapidly, also a rack and gear for moving both 
carriage and tailstock by hand. The tailstock has a 5-inch 
steel spindle and set-over movement. Center and follower 
rests partake of the same rigid and substantial features that 
are characteristic of the other parts of the lathe. 

When it is desired to operate this tool electrically, a 20 
horse power variable speed motor, capable of running 600 to 


Twenty-six Inch Rapid Reduction Lathe. 


power and high speed makes the use of large gear reductions 
out of the question so that efficient driving power must be 
depended upon for accomplishing the work. Realizing the 
importance of this, the builders have designed this tool to be 
driven by a six-inch double belt, or, when electrically oper- 
ated, by a 20 horse power variable speed motor. The lathe 
throughout possesses weight and solidity far in excess of 
that usually met with in machine tool construction. It swings 
26 inches over the ways and 15 inches over theecarriage. The 
bed, which is exceptionally heavy, weighs about 375 pounds 
per running foot and is regularly made in 14- and 16-foot 
lengths, taking 6 and 8 feet between the centers, but special 
beds can be furnished of any length desired. 

The tops of the column legs are completely surrounded by 
drip pans while between the legs are large pans that are 
mounted on rollers to facilitate their use. This arrangement 
of pans permits the copious use of water, which is supplied by 
a rotary pump capable of delivering five gallons per minute. 
The ways are flat and thus give an ample bearing surface for 
the carriage, while wipers on the ends of the carriage prevent 
chips from lodging and cutting the ways. 

The headstock has a three step cone, the steps of which 
are respectively 18, 21 and 24 inches in diameter, and is face- 
plate geared in the ratio of 8 to 1 and 16 to 1. These gears 
are all completely inclosed by casings which are not shown 
in the photograph, having been removed in order to show 
clearly the details of the headstock. An equalizing driver is 
incorporated into the faceplate, thus permitting the use of 
double tailed dogs. All of the headstock journals have chain 
oiling bearings and liberal reservoirs are provided for the oil 
supply. 

The carriage is gibbed, both front and back, and has a full 
length bearing of 38 inches on the ways. The cross slides, 
of which there are two, are square locked throughout, adjust- 
ment for wear being obtained through taper gibs. The front 
slide has a compound movement for dividing the cut between 
the front and rear tools. These tools are made from 1% x 24- 
inch stock. The slides are independent in their movements 
and have no power cross feed. The feed is driven by gearing 
and a powerful leadscrew which is located close to the bed 
and well under the forward way. This screw is engaged by a 
long lock nut operated from the apron, the Acme standard 
thread with which this screw is cut making engagement and 
disengagement very easy. Feed reverse is obtained by use 
of an intermediate gear on the headstock. On the long beds 
the leadscrew is carried in supports that are automatically 
placed, at given intervals, by the carriage as it travels along 


1,000 revolutions per minute, is mounted on brackets cast on 
the headstock, the armature shaft of the motor replacing the 
cone shaft of the belt-driven machine. This motor is operated 
from the lathe apron. 


DEVICE FOR CLEANING AND LUBRICATING CENTERS. 

A. B. Christman, of Cleveland, Ohio, has brought out the 
appliance shown in the accompanying cut, which is for the 
purpose of removing oil, chips, or dust from the countersunk 
holes in the ends of work held between centers. It may be 
attached to the legs or column of centering, milling or grind- 
ing machines or to lathes or benches. 

The cylinder A is fastened by screws through the lugs BB, 
so that it will stand in a vertical position. 

Inside of this cylinder is a sliding piston D, provided near 
its lower extremity with the piston head # and having an in- 
verted cone at the top. Fixed to # and central with the small 
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Center Cleaning Device. 


hole H, in the cone, is the nozzle F. A spring G keeps the 
piston well up in the cylinder, as shown by the dotted lines. 
The spaces JJ and JJ contain benzine, kerosene, or soda 
water. If it is desired to lubricate the center simultaneously 
with the cleaning, lard or machine oil is mixed with the clean- 
ing fluid. The work is grasped in the hand and inserted in 
the cone as shown at W, with a slight downward pressure. 
This pushes the plunger D downward and a stream of the 
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liquid is forced upward into the center as shown at K. The 
liquid returns by gravity through the hole H into the cham- 
bers I and J, carrying with it all particles of dirt and chips, 
which are retained by the partition H. Cleaning of the device 
is necessary only at comparatively long intervals and is 
accomplished by lifting the piston D out of the cylinder and 
dumping. The capacity of the cleaner is about six ounces of 
cleaning fluid. 
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NEW “AMERICAN” MOTOR DRIVEN LATHE. 

The application of electric drive has been adopted by the 
American Tool Works Co., Cincinnati, Ohio, for operating 
their 24-inch engine lathe, a photograph of which is here re- 
produced. This is their standard lathe having the leadscrew 
on the inside of the bed. 

The motor is of the double commutator type, 3 H. P., and is 
mounted on a saddle on the head, with communication direct 
to spindle by rawhide pinion and intermediate slip gear. 
These gears are completely encased, which protects them 
from dirt and the operator from injury. The controlling ap- 
paratus for starting, stopping and reversing, is simply and 
conveniently arranged at the right hand end of the carriage. 
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24-inch “American” Motor Driven Lathe. 


VERTICAL EDGING AND INSIDE GRINDER. 

The Tucker Machine Co., Cincinnati, Ohio, have recently 
brought out the vertical grinder shown in the engraving. 
This machine was originally built for use in stove foun- 
dries but has proved of value for grinding many kinds of cast- 
ings such as plate castings, architectural iron work, etc. It 
is of the greatest convenience for grinding the inside of 


Vertical Edging and Inside Grinder. 


scrolls, circles or other parts that cannot be reached by the 
ordinary horizontal grinder. The work to be ground rests 
upon a horizontal table, two feet square, that can be tilted to 
any desired angle and may be raised and lowered, by means 
of a crank handle, through a space of four inches. The ma- 
chine carries a wheel 2 inches to 8 inches in diameter by 4 
inch face. 


There are four fundamental speeds obtainable from the motor 
itself through “the speed controller directly under the head. 
This with the spindle gearing, gives a total of sixteen distinct 
and positive spindle speeds available. The efficiency of the 
motor is practically constant at all speeds. The motor, when 
reversed, runs at the same speed as when going forward. 
* * * 
LEAD VS. NICKEL (OR EDISON) BATTERIES 
FOR AUTOMOBILES. 

Those interested in automobiles are waiting patiently for 
further information about the Edison storage battery, of 
which so much is expected. While, from the testimony of 
Mr. Edison, this battery has undoubted advantages, the most 
important of which are large capacity for a given weight and 
increased durability, it would appear from a paper read 
recently by Mr. Hugh Rodman before the Electro-chemical 
Society at Niagara Falls and reported in the Electrical World 
and Engineer, that the lead battery may still lay claims to 
favorable recognition. After discussing the numerous possi- 
ble storage battery combinations and the corresponding re- 
actions the conclusion is reached that the list of available 
anodes and electrolytes finally reduces to lead in sulphuric 
acid and nickel in an alkali hydroxide. Practically there are 
only two classes. First, lead peroxide and spongy lead upon 
lead plates in sulphuric acid—the battery in general use; and, 
second, mercuric or nickel peroxide upon nickel plates, to- 
gether with cadmium, nickel or iron sponge upon iron or 
nickel plates in an alkali hydroxide—the battery proposed 
by Mr. Edison. 

The alkali battery possesses a great advantage in making 
its support plates of a stiff, easily-worked metal. The stiff- 
ness insures absence of buckling (a trouble which must be 
considered and compensated for with lead plates), while 
the stiffness and ease of working together admit of a high 
mechanical perfection. It should be borne in mind, how- 
ever, that the ordinary antimonial lead grid used with pasted 
lead plates is neither prohibitively heavy nor short-lived; it 
will probably last as long as the nickel grid when subjected 
to electrolytic action only; the inferiority lies in its mechan- 
ical weakness and in the difficulty of making fine castings. 
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In refilling the alkali cell pure or distilled water must be 
used, which is not necessary with the acid cell, and the alkali 
is also more troublesome in handling owing to its tendency 
to spread and its more destructive effect on clothes, hands 
and woodwork. The voltage of the alkali cell is only about 
one-half that of the lead cell, and for the same energy output 
we must double either the current or the number of cells. ‘The 
alkali cell also has comparatively a small mass of electrolyte 
to draw upon. 

Data are wanting upon the capacity of the alkali cell per 
unit of volume and weight, but it seems reasonably certain 
that neither will be far different from that of the pasted lead 
battery. As for reliability, which must not be mistaken for 
long life, data on the alkali cell are again wanting and must 
be wanting until the cells are put into ordinary service with 
ordinary care and attention. 

For light service, such as for electric wagons, where watt 
efficiency and cost are to some extent subordinate to con- 
venience, the choice between these two types will depend 
largely upon capacity and reliability. 

The commercial life of lead plates in truck or cab service 
is about 15,000 to 20,000 miles for negatives, 12,000 miles for 
Plante positives and 6,000 miles for pasted positives. In other 
words, a four or five ton truck running 20 miles per day for 
300 days in a year requires new positives once in a year or once 
in two years, according to the type of plate used, the choice of 
one or the other being determined by the character of ser- 
vice and length of run desired. Cabs and lighter wagons have 
about the same life, with a capacity of 40 to 100 miles on one 


charge. 
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In the June, 1902, issue of MacHiINeRY a description was 
given of the Keller pneumatic riveting hammer made by the 
Philadelphia Pneumatic Tool Co. Some readers who have 
studied the sectional cut, or who are familiar with the ham- 
mers themselves, may have wondered how the long 3-16-inch 
holes are drilled in the barrel parallel with the cylinder bore. 
In some of the long-stroke riveting hammers these holes are 
fully 13 inches long, so it would seem like a quite difficult 
job to drill them with ordinary appliances, but that is how 
they are done, except that the appliances are somewhat better 
than ordinary ones. 

Seven Brown & Sharpe sensitive drilling machines built 
specially for this work are used in drilling the long holes in 
each barrel, the work being done progressively. The hammer 
barrels are mounted on jigs having a round, flat base, and 
each one remains in its jig until the holes are drilled clear 
through. The first operator starts the holes with a short 
3-16-inch drill, and drills them to a depth of perhaps 2 inches. 
The next operator takes it on his machine and deepens the 
holes, say, 2 inches, and so on, the skill of the operators 
increasing with the depth of the holes and their ability to 
avoid breaking drills and spoiling work. The last operator in 
the line is a deaf mute and not likely to be distracted, which 
may partially account for his position in the line. The holes 
being drilled in this manner the long drills are always sup- 
ported throughout most of their length by the walls of the 
hole, which insures the holes being straight, and because of 
the frequent changes there is not so much danger of their 
heating. 

* * * 
FRESH FROM THE PRESS. 


A GRAPHIC METHOD FOR SOLVING CERTAIN QUESTIONS IN ARITHMBTIC 
AND ALGEBRA. By George L. Vose. No. 16 Van Nostrand Science 
Series bound in paper boards. Published by D. Van Nostrand Co., 
New York. Price 50 cents. 

As the title indicates, this little book describes a graphic method 
that may be employed for solving certain problems in arithmetic and 
algebra. The graphic method is one that usually appeals to the prac- 
tical man, and in this work he will find some quite knotty problems 
worked out with surprising ease by the use of simple diagrams. 
PROBLEMS IN MECHANICS FOR ENGINEBRING StTuppNTS. By Frank B. 

Sanborn, Professor of Civil Engineering, Tufts College. Pub- 
lished by the Hngineering News Pub. Co., 220 Broadway, New 
York. 155 pages illustrated. Price $1.50. 

This little handbook should prove of great value to students. It is 
a collection of a large number of practical problems in mechanics, 
with their answers. It is thoroughly indexed, and as a eclass-room 
book and an aid to the instruction of students it will be found useful. 
The best way to learn mechanics is by working out problems, and one 
who has faithfully gone through this little volume cannot fail to gain 
a good knowledge of the subject. 


MaAcHINE SHop ArirHMmtic. By Fred H. Colvin and Walter L. Cheney. 
131 pages and 8 diagrams, nicely bound in cloth. Published by the 
Derry-Collard Co., 256 Broadway, New York. Price 50 cents. 

This is the third edition, eighth thousand, of a little book that 
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has proven popular with machinists and others who have felt the 
need of a “pocket book containing some of the problems of everyday 
shop happenings, and affording their fast and accurate solution by 
easy methods.” It is a book we have often recommended to young 
machinists who have not had the advantages of a good common school 
education, and who, realizing their deficiency in calculating simple 
shop problems, have been anxious to acquire a ready knowledge of ma- 
chine shop arithmetic. The matter contained in the new edition has 
been revised and brought up to date. Larger type has been used and a 
larger page which materially improves its appearance and legibility. 
A chapter on the metric system and metric conversion tables has 
been added, also a page index. 


WoRM AND SPIRAL GHARING. By Frederick A. Halsey. 
Nostrand Science Series. Published by D. Van 
New York. 85 16 mo. pages with numerous diagrams. 
boards, 50 cents. 

This book is a reprint of Mr. Halsey’s articles on the above subjects 
that originally appeared in the columns of the American Machinist. 
The first part, dealing with the worm gear, considers the theory of 
worm efficiency, limiting speeds and presSures, and the various types 
of thrust bearings for use with the worm. ‘The theoretical treatment 
is supplemented by a number of cases from actual experience showing 
the efficiency that can be obtained and the factors tending to pro- 
duce this efficiency. The second part, after a few pages explaining the 
general principles of spiral gearing, illustrates the subject by the solu- 
tion of a practical problem which is solved both by the analytic and 
the graphic methods. The concluding pages are devoted to a short 
treatise on the selection of spiral gear cutters by Mr. J. N. LeConte. 


Tur SLIpp VALyE. By Julius Begtrup, M. B®. Published by D. Van 
Nostrand Co., New York. 1438 8-vo. pages. Illustrated. Price, 
cloth, $2.00. 

In this book Mr. Begtrup explains the principles of the various types 
of slide valves and also analyzes and describes a number of special 
valve constructions in order to exhibit in a comprehensive manner 
how the exacting conditions of high steam pressure and high speed 
have been met by modern engine builders. The information is pre- 
sented in a more or less explanatory form supplemented by graphical 
demonstrations of the valve movements. The valve diagrams used in 
this book have been in use for the past ten years with, it is claimed, 
more general satisfaction than others that are better known. Begin- 
ning with a chapter on the common slide valve, the chapters success- 
ively deal with the improved forms of slide valve, including double- 
ported, balancing and piston valves; four valve systems, of which 
the Corliss is the most familiar type and independent cut-off valves. 
A chapter is also devoted to the slide valves of pumps, the valves of 
all the well-known makes of pumps being considered. The last chap- 
ter deals with the angularity of the connecting rod and eccentric rods 
and the effects which this produces on the steam distribution. 


MATERIALS OF MACHINES. By Albert W. Smith, professor of Mechan- 
ical Engineering in Leland Stanford Junior University. Published 
by John Wiley & Sons, New York. 1383 pages. Lllustrated. Price, 
cloth, $1.00. 

In the words of the author, this book is the result of an effort to 
bring together concisely the information necessary to him who has to 
select materials for machine parts. It is a systematic treatment of the 
materials with which the machine designer has to deal. It is there- 
fore natural that a greater part of the work should be devoted to the 
subjects of iron and steel. The metallurgy of these materials is first 
taken up and this is followed by a description of the different steel 
processes and a few pages on foundry practice. A chapter is also 
devoted to the subject of testing, illustrated by stress-strain diagrams. 
The common alloys, principally the bronzes. are considered and the 
final chapter takes up the different parts of the steam engine and ma- 
chine tools and discusses the material best suited for the construction 
of each part. 


A MANUAL OF DrRAwinG. By C. E. Coolidge, assistant professor of ma- 
chine design, Sibley College, Cornell University. Published by 
John Wiley & Sons, New York. 92 8-vo. pages and 10 full-page 
plates. Price, paper, $1.00. 

This manual was prepared for the use of the technical student with 
the object of presenting a standard drawing room system, the one em- 
bodied in this book being an average of the drawing room systems in 
use in the United States at the present day. It is the intention of the 
author that the system here outlined shall be supplemented by notes 
of the student’s own acquirement, and for this purpose each page of 
reading is bound alternately with a blank page. The first part of the 
manual contains a treatment of the general subjects of drawing instru- 
ments, their care and use, drawing materials and blueprint reproduc- 
tion. The second part is devoted to commercial mechanical drawings, 
closing with a few pages on the subject of Patent Office drawings. The 
text is quite thoroughly illustrated by 10 full-page plates of_ the 
various conventional forms, mechanical drawings and a Patent Office 
drawing. 

MopERN ENGINEPRING PRACTICE, published by the American School 
of Correspondence, Chicago, Ill. With an introduction by Frank 
W. Gunsaulus, President Armour Institute of Technology. 10 vol- 
umes, of about 350 pages each. Illustrated. Price for the set, $40. 

The instruction pamphlets of the American School of Correspon- 
dence have been written by a selected list of writers, and these papers 
on mechanical engineering have been gathered together and published 
in this set of books. In reviewing the books it should be remembered 
that they are designed first of all, for home instruction and are in- 
tended for the man with limited education who wishes to advance in his 
chosen line of work. They are, therefore, elementary in their treatment 
and written as simply and clearly as possible. ‘They are not to be 
considered as reference books for experienced draftsmen or engineers. 
Were a man, however, to make himself familiar with the contents of 
the volumes, he would have a good general knowledge of mechanical 
engineering and would have laid a substantial groundwork for future 
study. The mathematics of this course would carry him far enough 
so that after completing them, he should be able to read intelligently 
some of the more advanced text books by other publishers. The books 
are substantially bound, with leather backs, and the printing is clear. 
Part of the illustrations are from drawings made for this work and 
part are reproductions of cuts made for manufacturers’ catalogues or 
for other purposes. 

Vous. I. AND II., MATHEMATICS, MECHANICS AND HpAtTiInG.—The first 
volume is taken up with a treatment of arithmetic, mensuration and 
elementary algebra. The second volume is a treatment of plane 
geometry, followed by chapters on elementary or applied mechanics 
and a brief treatment of the subject of heat. The chapters on mathe- 
matics cover about the same ground as the usual high-school text 
books except that the treatment is more condensed ; and some subjects 
are omitted that are frequently taken up in high schools, especially 
in the treatise on arithmetic, which devotes more space to the fun- 
damental rules and less to other branches of the subject, such as 
commercial arithmetic, ete. The algebra and trigonometry appear to 
be the most*®complete. The subjects of mechanics and heat are cov- 
ered more fully than in the ordinary text book on physics, though not 
so completely as, for example, in Jamieson’s, Dana’s or Wood’s ele- 
mentary mechanics, with which some of our readers may be familiar. 

Vous. III. AND IV., FounpRY, ForGh AND MACHINE SHOP PRACTICH.— 
This volume contains about 300 pages in which space the three sub- 
jects mentioned above are treated and, as a matter of course, are not 
covered with anything like completeness since elaborate text books 
could be written on almost any one branch of shop work. The at- 
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tempt is made rather to present the general principles of common 
shop operations such as would be taught in a manual training school 
and which would help the apprentice in making a start. 

Vou. IV., MACHINE DESIGN AND BOILERS.—The chapters on machine 
design in this book follow very closely the lines laid down by such 
writers as Unwin, Low and other authors of standard works on this 
subject. Sketches are given of keys, cutters, bolts, bearings, clutches, 
flanges and other common machine parts and either formulas or tables 
are given for proportioning them. The author did not attempt to 
leave beaten paths or to collect material about recent advances in 
machine proportions. ‘The sketches are for the most part similar to 
those in the older standard text books. By far the best part of the 
work is the treatment of boilers which contains rules or proportions 
for steam space, heating surface, tubes, grate area, etc., that appar- 
ently are well selected, together with a description of various types of 
boilers and boiler exhausters, including the steam calorimeter. 

Vou. V., CHEMISTRY, MpTaALLuRGY, WNerNnS.—The chemical subjects 
are evidently calculated to give the mechanical man a general idea of 
che composition of ordinary materials that enter into machine con- 
struction. They are not intended to touch the subject of chemistry as 
a separate study. The treatise on the steam engine covers about the 
same ground as the usual handbooks on the steam engine for stationary 
engineers, but the subject is treated in a much better manner. There 
are first descriptions of different types of engines, including pumping 
engines and condensers and sketches with descriptions of the detailed 
parts of steam engines. This is followed by a description of governors 
and flywheels with simple calculations of pendulum and_ flywheel 
weights. Following this is a very good treatment of the steam engine 
indicator, much better than the usual treatise, largely because it is 
directly to the point and a lot of useless matter is omitted. After this 
is an explanation of the Zeuner valve diagram, with descriptions of 
several types of valve gear. The book closes with matter upon the 
action of steam, in which are calculations involving the use of steam 
tables, the capacities of condensers, the work done in an engine cylin- 
der, etc. 

Vou. VI., MARINE ENGIND AND LOcoMoTIvE WorKk.—This is really a 
volume II. on the steam engine, taking up marine engines and locomo- 
tives. The subjects are treated in the same manner as the general 
principles of the steam engine are discussed in the last part of the pre- 
vious volume. There is a chapter on marine boilers, one on railway 
ears and one on the air brake. 

Vols. VII. and VIII. Eupcrriciry AND WLECTRICAL ENGINEERING. 
Vol. VII. forms a text book on elementary electricity and magnetism. 
following which generators, motors and electrical measurements are 
considered. Numerous calculations are introduced throughout this 
volume, none of them, however, of an advanced character, and they 
should be handled easily by one who has taken the earlier mathematics 
of the course. In volume VIII. are descriptions of various types of 
dynamo-electric machinery, an explanation of the alternating current 
transformers, with information upon electric railways and power 
transmission. These two volumes will be appreciated by men who are 
familiar with mechanics, and would like to have an advanced treat- 
ment of the elements of electricity, as practically applied in modern 
science. 

Vou. IX., HEATING, VENTILATION AND PLUMBING.—Relatively speak- 
ing, these books seem to be more complete than the others mentioned, 
because the subjects themselves cover less ground and can be more 
fully treated within the scope of a single volume. This volume com- 
pares very favorably with other treatises upon the subjects, with 
which we are familiar. It will apparently meet the requirements of 
a mechanical man in a very satisfactory manner. 

Vou. X., MmcHANICAL DRAWING.—This, it appears to us, is on the 
whole the most satisfactory volume of the series, and we believe it 
will prove as satisfactory to instructors and students as any text 
pook on drawing we have seen. It takes up the usual geometrical work, 
projection, etc., and this is followed by a rarely good section on work- 
ing drawings, quite original in its treatment and from which we pub- 
lish an abstract in another part of the paper. 


ADVERTISING LITERATURE. 


Tup BILLINGS & SppncurR Co., Hartford, Conn. New circular and 
price list of drop-forged lathe dogs manufactured by this company. 

B. G. Smirys, Columbia, Pa. Pamphlet descriptive and illustrative 
of the ‘Columbia’ calipers, spherometers, and screw micrometers. 
Also of the ‘‘Which Way” pocket level. 

Turn RANSoM Mra. Co., Oshkosh, Wis. Catalogue “EK” of grinding 
and polishing machinery. The various sizes and styles of these ma- 
ehines are described and illustrated. 

Tue FRANK MOossperG Co., Attleboro, Mass. Pocket catalogue of 
wrenches and of bicycle and automobile bells. The wrenches are made 
in several sizes and for various purposes, and the Mossberg bells 
are fully described and illustrated. 

Tup BituiIncs & Spencer Co., Hartford, Conn. Catalogue and price 
list of standard automobile forgings. These include forgings of every 
description in iron, steel, copper and bronze. A number of detail il- 
lustrations of various automobile parts are also given. 

THp JOSEPH DIXON CRUCIBLE Co., Jersey City, N. J. Leaflets giving 
information about the Dixon graphite pipe-joint compound for insur- 
ing a tight joint, but one that can be taken apart easily when neces- 
sary. 

Tun CLEVELAND WIRE SPRING Co., Cleveland, O. Catalogue of 
agricultural implement springs and steel receptacles such as mortar 
and brick hods, hand barrows, nail boxes, various styles of shop 
boxes, etc. 

Tur C. B. MANCHESTER GAS FuRNACE Co., Providence, R. I. Cir- 
culars of gas furnaces. Twelve styles of furnaces are illustrated. 
These are for heating cutters, dies, reamers, etc.; for annealing work 
of steel, iron, brass and other metals; for wire annealing; for melt- 
ing, plating, tempering, etc., and each is made in several sizes. 

Hiuy, CLARKE & Co., Boston, Chicago and New York. Circular de- 
seriptive of the Chicago speed lathe, built in 10-inch and 12-inch sizes 
by the Chicago Machine Tool Co. Also circular calling attention to the 
line of air compressors, pneumatic tools, pneumatic hoists and appli- 
ances manufactured by the Hill, Clarke Co. 

Tur DIAMOND MACHINE Co., Providence, R. I. Proof sheets of the 
revised edition of their 1901 catalogue, indicating the changes in 
dimensions and measurements of a number of their machines, and in 
several list prices. Descriptions of their “HE” standard grinding ma- 
chine and of their Nos. 1, 2 and 3 improved water tool grinders will 
also appear in the new edition. 

Top BurFFALO Force Co., Buffalo, N. Y. Folders treating of the 
company’s new mechanically-induced draft fans and of Buffalo auto- 
matic engines. These engines include the center-crank horizontal, 
the side-crank horizontal, and the single upright types, simple and 
compound; also single upright marine engines and the double upright 
engines of the single and double-acting types. 

Tup DprRy-COLLARD Co, 256 Broadway, New York. Catalogue of 
books sold by the Derry-Collard method. This is one of the hand- 
somest and most tastefully gotten up book catalogues we have seen. 
It lists 148 choice technical books, giving each a short and compre- 
hensive description of the contents, number of pages, size of page, 
and character of binding. An index to the contents is given, which 
makes reference to any book description easy. 

Unirep Srarns Gurra PERCHA PAINT Co., Providence, R. I. Standard 
catalogue of Rice’s 20th century finishes for machinery. These include 
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adamant cement, machine paint, iron filler, enamels, shellac varnishes, 
ete. They also manufacture a paint thinner for thinning their steel- 
color paints which dries quickly and costs very little more than turpen- 
tine. Three pages in the back of the catalogue contain testimonials 
from a large number of firms using these products and showing the 
great variety of work for which they are fitted. 

WILLIAM JESSOP & Sons, Ltd., Sheffield, England. MHandsomely_ il- 
lustrated catalogue entitled “Jessop’s Steel and How They Make lige? 
The subjects of Sheffield steel, “blister steel,’ crucibles, melting fur- 
naces, shear steel, Siemens steel, etc., are touched upon, and a large 
number of fine half-tones illustrate the various departments of the 
company’s large works at Sheffield. The manufacture of a crankshaft 
from the ingot to the finished shaft is also illustrated. In the first 
pages appears an announcement of the establishment of an American 
works at Washington, Pa., where Sheffield steel is to be manufactured. 

Tue NortHern Huectrrcay Mra. Co., Madison, Wis. Catalogue No. 
26 of the Northern electric motors. Illustrations are given showing 
these motors driving drill presses, radial drills, grinders, lathes, 
planers, milling machines, etc., and many other varieties of machines 
such as sewing machines, paper cutters, ice machines, and air com- 
pressors. Vertical motors are shown, of the open and inclosed or dust- 
proof type for use in cases where other styles of electric motors are 
not practicable. Much interesting reading on the subject of electric 
driving is contained in this catalogue and it should prove valuable to 
those interested in this subject. 

THE CHRISTENSEN ENGINEERING Co., Milwaukee, Wis. Catalogues 
Nos. 53, 54 and 55, standard size, of the air brakes and electrical ma- 
chinery manufactured by this company. Catalogue No. 53 describes 
the various parts that comprise the straight air brake equipment for 
electric cars or trains. No. 54 treats of Christensen air brakes and il- 
lustrates the company’s new plant, with fine views of its various de- 
partments. No. 55 illustrates the direct-current motors and generators, 
alternating current generators and transformers they manufacture, 
and contains description of this electrical machinery and of its parts, 
together with other data and tables and detail drawings relative to the 
subject. All three catalogues are handsomely gotten up and will prove 
of value to those interested in the subjects there treated. 

Tur ACME MACHINERY Co., Cleveland, O. 1902 catalogue of bolt 
and nut machinery. This catalogue is standard size, very complete 
and profusely illustrated. It calls attention to the many new features 
that have been added to their machines since the issue of their last 
catalogue. The new Acme die head is described and cuts are shown 
to illustrate its various parts. Then follow engravings and data of 
the regular Acme die head; Acme bolt cutters for work from % inch 


to 6 inches; 14-inch single staybolt cutters; a large variety of 
double and triple bolt cutters, of two, four, and six-spindle nut 
tappers, etc. A full description, with illustrations, is given of 


heading, upsetting and forging machines for work from ¥y% to 4 inches 
diameter, and a number of useful tables are reproduced together with 
much valuable information as to how to make, recut and grind 
dies, ete. 


MANUFACTURERS’ NOTES. 


Mr. C. H. Scuoxminier, for eight years master mechanic and 
foreman at the Inland Type Foundry Co., St. Louis, Mo., has re- 
signed his position. 

L. ©. RwoppES has purchased the business of the Des Jardins Type 
Justifier Co., Hartford, Conn., and will begin the manufacture of high- 
grade special machinery and tools. 

Tun C. W. Hunt Co., West New Brighton, N. Y., received the gold 
medal at the Dusseldorf exhibition fer the “Hunt” conveyor manu- 
factured by them. 

Tun NATIONAL-ACME Mra. Co., Cleveland, O., announce the opening 
of a New Dngland office at 45 Oliver St., Boston, Mass., in charge of 
Mr. M. M. Brunner. 

Tun CuInc-Surrace Mra. Co., Buffalo, N. Y., report a busy month, 
with increasing demands from abroad. Shipments of Cling-Surface 
have been made to England, the Bahamas, Russia, Australia, South 
Africa and Java. 

Harpinen BroruErs, Chicago, Ill., have purchased from Messrs. A. 
W. Gump & Co., Dayton, O., their entire Cataract precision lathe busi- 
ness and will hereafter manufacture this tool under the name of the 
Cataract precision lathe. 

PAWLING & HARNISCHFEGER, Milwaukee, Wis., state that the de- 
mand for their cranes and hoists is excellent. They have recently 
booked orders for cranes and hoists from sixteen prominent firms in 
this country. 

Tun W. P. Dayis MACHINE Co., 
business has increased steadily. They have outgrown the building 
erected for them a few years ago. Two buildings in the rear were 
recently added, but these have proved insufficient, and the store next 
to them has just been leased. 

Tum Burt Mra. Co., Akron, O., have equipped a number of mills at 
the American Sheet Steel Co. with their Cross oil filters and Burt 
exhaust heads. The large new plant of the Allis-Chalmers Co., West 
Allis, Wis., has also recently been equipped with Cross oil filters. 

Tun MARSHALL & HuscHART MACHINERY Co., Cleveland, O., are now 
occupying their new warerooms, Nos. 24-26 Lake St. Their ground 
floor is 60x150 feet, and they have installed there a number of elec- 
trically-driven machines, manufactured by sixteen firms which they 
represent, which are in operation. 

Tup CuSHMAN CHUCK Co., Hartford, Conn., advise us that to make 
additional room at their factcry they have leased a large store and 
basement at 189 Allyn Street, near Union Station, to which their gen- 
eral office, with stock of finished chucks, has been removed. This 
makes available a considerable space in their factory which, together 
with contemplated additions, will be utilized for new machinery. 

Tup EB. Horton & Son Co., Windsor Locks, Conn., manufacturers of 
the well-known Horton chuck, are adding to their works another large 
building which, when completed and equipped with machinery, will 
enable them to more than double their present output. They are 
among the oldest chuck manufacturers in existence, having been in the 
business about fifty years. 

CHartyes H. Busty & Co., 10-12 N. Canal St., Chicago, Ill., desire to 
call attention to their large and varied assortment of seamless brass 
and copper tubing. Brass rod, sheet, wire and brazed tubing ; braziers’ 
sheet copper, soft and cold-rolled copper anodes, brush copper for 
electrical purposes, German silver sheet, rod and wire are also car- 
ried. Their new store building on Clinton Street is progressing rap- 
idly. 

Tun Wi~tMARTH & MorMAN Co. Grand Rapids, Mich., report that in 
the month of October their shipments were larger in amount than for 
any month for a full year past, and included New Yankee drill grinders 
only: A number of their dry grinders, 11 of their wet grinders. and in 
addition, 12 drill grinders to foreign countries. Also two of their large 
Style “G” or ‘Whale’ grinders, the only drill grinder made for grind- 
ing drills as large as five inches. 

Tum PHILADELPHIA PNHUMATIC TooL Co., Philadelphia, Pa., state 
that their anticipated volume of business for September was fully 
realized, the sales for that month having been 20 per cent. more than 
any previous month. Large orders have recently been received from 
Great Britain, France, Italy and Denmark. Their German representa- 
tive, Mr. Chas. G. Hekstein, is now in this country and will probably 
remain for some weeks. 


RocuestprR, N. Y., report that 
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IMPORTANT GAS-ENGINE INSTALLATION. 


THE FIRST OF TWENTY-FOUR ENGINES AGGREGATING 40,000 H. P. NOW IN OPERATION ALL. 
BUFFALO—BLAST FURNACE GAS USED. 


The illustration on this page is of a 1,000 horse power gas 
engine of the Kcerting type, well-known in Europe, recently 
built by the De La Vergne Refrigerating Machine Co., New 
York, for the Lackawanna Steel Co., at Buffalo. This fact in 
itself may have no special significance, but there are certain 
features connected with this installation which make the 
engine of unusual interest and possibly of sufficient import- 
ance to say that it marks an epoch in gas engine construction 
in this country. 

A gas engine of 1,000 horse power cannot at the present 
time be said to be unusual, as several machines of about this 
power have been built in America and quite a large number 
are in use in England and on the Continent. This particular 
machine, however, is the beginning of what will be the largest 
gas-engine plant in the world and, furthermore, the plant will 


Fig. 1. 


be operated by the waste gases from the blast furnaces of the 
steel company instead of by producer gas or natural gas, as 
has heretofore been the case in this country. We are informed 
that the Pennsylvania Steel Co. are also installing a blast 
furnace gas-engine plant, so the movement toward larger 
gas engines, operated by blast-furnace gas, appears to be well 
established. 
The Lackawanna Steel Plant. 

The plant of the Lackawanna Steel Company, where the 
Koerting engines are being installed, will be the largest in- 
dividual steel plant in the country, if carried out as now pro- 
jected. The Lackawanna Steel Company was formerly of 
Scranton, Pa. It was decided to move to Buffalo, however, 
and something over a year ago work was begun at the new 
location. The site occupied is on Lake Erie, south of Buffalo, 
near what is known as Stony Point, and covers an area about 
34% miles long by 1144, miles wide. The plant will include 
blast furnaces, Bessemer and open hearth furnaces and a 


Koerting Gas Engine of 1000 H.P., built by the De La Vergne Refrigerating Machine Co., New York, for the Lackawanna Steel Co., Buffalo. 
will be eight Engines of this size and sixteen of 2000 H. P. each, all Operated by Blast Furnace Gas. 


large number of coke ovens, and will be in active operation 
within three or four months. Some work is already being 
accomplished while the building operations are in progress. 
A large machine shop, 500 feet long, has been running several 
months and work is being pushed on large rolling mill en- 
gines for the Lackawanna plant, which were designed by the 
engineers of the company and are intended to be heavier than 
any similar engines ever built. Not the least in importance 
in the great undertaking is a ship canal, extending three- 
fourths of a mile into the property from the lake shore. It 
will be 200 feet wide, 25 feet deep, and will be served by ore 
handlers which will transfer the ore from the holds of ves- 
sels in the canal to the storage yard near by. The most im- 
pressive sight, however, to one mechanically inclined, is the 
two large power plants in which are to be located the gas and 
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steam engines for electric generating, for furnishing the blast 
for the blast furnaces, and other miscellaneous purposes. 
The larger of the two power houses is 700 feet long and will 
contain, besides several large steam engines and air compres- 
sors, eight 1,000 H. P. Koerting gas engines, direct-connected to 
two 500 K. W. generators. The first gas engine was erected and 
started in the latter part of November and ran satisfactorily. 
It was first tested by compressed air and is now being run by 
a temporary gas producer plant, pending the completion of 
the blast furnaces. The other power plant will contain six- 
teen 2,000 horse power Koerting gas engines, of the same type 
as the one shown on this page, but will be used for oper- 
ating blowing cylinders mounted on vertical frames directly 
over the cranks of the engine. These cylinders are being 
constructed by the Southwark Foundry and Machine Com- 
pany, Philadelphia, and the proportions of the machines can 
be judged by the fact that the total height above foundations 
will be 31 feet. 
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The Koerting Gas Engine. 

The Koerting engine is a German machine, designed by 
Ernst Koerting, which operates on the two-cycle plan and is 
also double-acting. This gives an impulse at every stroke 
just as in every steam engine. Nearly all successful gas en- 
gines have heretofore been of the Otto four-cycle type and 
single-acting, with an impulse at every fourth stroke. Apart 
from its connection with the immense power plant of the 
Lackawanna Steel Co., therefore, and its operation by blast 
furnace gas, the machine has certain con 
structive features that will well repay care- 
ful study on the part of the student and of 
the engineer. 

In the two cuts herewith will be found 
sectional views of the Koerting engine, one 
being a plan view and the other a cross-sec- 
tion taken in elevation. As stated above, the 
engine is double-acting like a steam engine, 
hence the crank end and the head end of 
the power cylinder are similar. The admis- 
sion valves are located in the valve boxes, 
which are bolted to the cylinder heads, and 
no exhaust valves are required, as the pro- 
ducts of combustion escape through slots or 
ports cast in the middle of the cylinder from 
where the exhaust pipe leads. These slots 
are covered by the motor piston itself. For 
this purpose the piston is made very long 
and is packed at each end by the customary 
self-closing spring rings. 

The combustible mixture is admitted through two double- 
acting auxiliary pumps, the one for gas, the other for air. 
These pumps are so proportioned that their combined action 
always secures the proper mixture necessary for complete 
combustion and introduces the same to the working cylinder. 
The compression spaces of the pumps are divided, so that the 
crank ends of the air pump and gas pump discharge into the 
crank end of the power cylinder, and the head ends of the 
pumps discharge into the head end of the power cylinder. The 
gas and air are compressed by the pumps to about nine 
pounds per square inch. 

Referring to Fig. 2, it will be seen that the piston is at the 
outer dead point, and that the exhaust ports are exposed 
toward the opposite or head end of the engine. The instant 


Fig. 3. Sectional Elevation of Koerting Engine. 


the piston begins to uncover the exhaust ports, the pressure 
of the residual products of combustion in the cylinder drops 
rapidly to that of the atmosphere; when this has taken place, 
the inlet valve is opened and a fresh charge admitted by the 
pumps. The valve gear of these is so designed thai air only 
is supplied first, to separate the burnt gases from the succeed- 
ing mixture, and afterward gas and air, mixed in proper pro- 
portions. 
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The combustible mixture of gas and air is produced only 
at the inlet of the cylinder. There is no storing of it, and by 
suitable construction of the admission device, mingling of the 
air first introduced with the burnt residue gases, or with 
the succeeding charge of the combustible mixture, is ade- 
quately avoided. For the same reason, loss of mixture 
through the exhaust ports, which are open during this period, 
is prevented. 

Shortly after the exhaust ports are again covered by the 
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Fig. 2. Plan View of Koerting Gas Engine, taken in Section. 


receding piston, the air and gas pump pistons arrive also at 
their dead point position, and the supply of mixture is inter- 
rupted. The inlet valve closes and the charge is compressed 
in the cylinder in the usual method, till, at the dead point of 
the stroke, ignition takes place. 

At the next movement of the main piston, the ignited charge 
exerts its driving power by expanding till just before arriving 
at the other dead points, when the piston uncovers the ex- 
haust ports again and allows the consumed charge to be 
blown out. On the opposite end of the piston the same opera- 
tion takes place. This arrangement necessitates the double 
passages between the small cylinders and the large one, as 
shown in the two sectional views. 

In order to secure the separating layer of air above referred 
to, between the hot consumed gases and the fresh charge, the 
gas pump is so constructed that no gas is delivered until 
after a certain point in its compression stroke. The pump 


is provided with piston valves with the valve gear so arranged. 


that its maximum capacity cannot exceed 50 to 60 per cent. 
of its total displacement. For after the pump has completed 
the suction stroke, the gas suction port is left open during a 
portion of the succeeding (compression) stroke, so that the 
gas can return without increase in pressure until the suction 
port is closed, when the gas is compressed and passed out 
through the compression port. 

The amount of gas thus furnished corresponds to the maxi- 
mum power of the engine. 

Regulation of the power is effected as follows: When the 
load on the engine is reduced, the gas pump begins to furnish 
gas at a correspondingly later period, thus discharging a 
diminished quantity of gas into the working cylinder. ‘This 
is accomplished either by the valve gear of the pump, and con- 
trolled by the governor, or by a by-pass located between each 
pump end and respective compression channel which leads 
to the inlet valve on the main cylinder. The throttling device 
in this by-pass is also under the control of the governor. 

It is evident from the above that the engine operates with 
a variable amount of mixture, and that correspondingly more 
or less air is sent first into the power cylinder. This air stays 
near the middle of the cylinder, while the combustible mix- 
ture remains at the heads of the cylinder near the inlet valves 
and igniters. The peculiar shape of the cylinder heads pre- 
vents mingling of the layer of air with the following mixture 
of gas and air. 

For ignition there are provided two spark coils at each end 
of the power cylinder. These are operated by a separate 
shaft, driven by spur gearing from the cam shaft. The gear 
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‘on the igniter shaft is not fast; it is connected with a sleeve 
having a feather, which is set spirally around the shaft so 
that by a sliding movement of the wheel the igniter shaft may 
be set behind or in advance of the cam shaft. Thus the time 
of ignition can be changed during running of the engine to 
suit whatever kind of gas is being used. A further advantage 
secured by this arrangement is, that at starting, the point 
of ignition may be so set that ignition takes place only after 
‘the piston has passed the dead point, and the engine started 
very slowly without incurring any pre-ignition. Very lean 
gases require much earlier ignition than is otherwise usual. 
In practice, indicator cards are taken from time to time to 
‘check the timing of the ignition, and to see whether the 
combustion of the gases is without fault. Igniting of very 
poor gas mixtures presents no difficulties at all with this 
arrangement. The engine is started with compressed air. 
Engines to which a blowing cylinder is attached are easily 
‘started with air under 150 pounds pressure; for those without 
such cylinders 90 to 120 pounds per square inch is sufficient. 

A piston valve is provided for admitting the compressed air 
at front and back ends of the cylinder, as in a slide-valve 
‘steam engine. ‘This piston valve is operated from the cam 
shaft by an eccentric, which can be thrown in or out of gear 
like a clutch. Filling the cylinder with air twice is generally 
sufficient for starting up, after which the engine runs itself. 

The power cylinder and piston are cooled by circulating 
water, which in the case of the piston enters the tube carried 
through the crosshead pin and hollow piston rod, and returns 
the same way, but on the outside of the tube. The stuffing 
boxes in the cylinder heads are surrounded by water. ‘I'he 
‘cylinder walls also are cooled throughout, except at the middle 
where the exhaust slots are. By maintaining the piston cooler 
than the cylinder, the expansion of the former is under entire 
control and the result is good running of the engine. 


The Development of the Gas Engine. 


It will be interesting to note in this connection that gas 
engines were not considered of any importance in this coun- 
itry, or anywhere else for that matter, previous to the Centen- 
nial in 1876. At that time the Otto “silent engine” attracted 
considerable attention and for several years until the patents 
expired this make of engine was the only one in evidence. 
Later, many other firms started in the gas engine business 
‘but the machines which they built were all of small sizes 
‘and all operated on the Otto cycle. For the most part gas 
engines have been used where only a small amount of power 
was required and have been run with illuminating gas, thus 
making a very convenient motor and one which could be 
located almost anywhere. With suitable modifications they 
‘have been adapted to use with gasoline vapor or with natural 
gas. It was not until 1897 or 1898 that large gas engines 
began to be built in this country—one of 650 horse power 
being completed by the Westinghouse Machine Co. in 1899. 
In fact, it was generally considered that while a small gas 
engine was a convenient and economical motor, large gas 
engines would meet with almost unsurmountable difficulties 
‘and might never become important competitors of the steam 
engine. 

It is obvious that when operating on the Otto or four-cycle 
plan, with an impulse at every fourth stroke, an engine of 
1,000—or even of several hundred horse power—would require 
a cylinder of enormous size and other parts in proportion. If 
operated with illuminating or natural gas, it would involve the 
handling of large volumes of a highly inflammable gas and 
there would be occasional violent explosions, which would 
be positively dangerous. These two facts, drawn from expe- 
rience with small engines, probably had their influence in de- 
laying the construction of large machines. As has frequently 
been the case, however, English and other European engineers 
‘were ahead of us. They got around the difficulty of the large 
cylinder by using two cylinders in tandem or two engines in 
pairs, and by the perfection of the two-cycle type like the 
IXoerting. They also successfully introduced producer gas, 
which is less inflammable than illuminating or natural gas. 
‘Even producer gas in the proportions in which it was first 
made would not have been successful for large engines be- 
‘cause it contained a considerable proportion of hydrogen, 
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which ignites and combines very readily with the oxygen of 
the air at comparatively low temperatures. 

One of the earliest advocates of producer gas was Mr. J. 
Emerson Dowson, who called attention to its possibility in the 
Journal of the Society of Arts, in 1882. 

In 1894 the idea of utilizing blast furnace gases was sug- 
gested by Mr. B. H. Thwaite, in England, who showed that its 
elements and the proportions in which they existed were about 
the same as with producer gas, and who built a 20 horse 
power experimental engine to demonstrate the feasibility of 
the plan. While gas engines will now undoubtedly be used 
more and more in connection with blast furnaces there is 
still the objection that blast furnace gas is heavily loaded 
with dust which will cut the cylinders unless the gas is thor- 
oughly cleansed, and the constituents of the gas are such that 
it is not easily ignited in the engine cylinder. 


4 


Using Blast Furnace Gas. 


The usual blast furnace plant contains, in addition to the 
blast furnace, two blowing engines for producing the blast, 
three brick stoves (four are used at Buffalo) for heating the 
blast on the regenerative principle and several boilers for 
generating steam for the blowing engines. The waste gases 
from the blast furnace are alternately burned in one or two 
of the stoves, while the blast is forced through the remaining 
one or two, previously heated. The process is one of al- 
ternately heating and cooling. The waste gases are also 
burned in the furnaces under the boilers, which latter are 
generally of simple construction, and not economical in oper- 
ation, since there is always more gas produced than can be 
utilized in connection with the stoves and blowing engines. 
When it comes to using the waste gases in internal combus- 
tion engines, a horse power can be produced with one-quarter 
to one-sixth the quantity of gas consumed per horse power 
under the boilers in the usual manner, and it is possible to 
derive enough power to light the works and operate much 
of the machinery about the plant. This fact being realized, 
and the large gas engine having proven a success, a new era 
in power development will be the result. 

When the gas leaves a blast furnace it is at a temperature 
of from 700 to 1,000 degrees, is charged with more or less 
steam and, as before stated, is laden with dust. Before being 
suitable for use in a gas engine cylinder the dust must be re- 
moved by a scrubbing process, such as passing out through a 
tank containing coke, through which water runs, or by spray: 
ing water on the blades of the fan usually employed to draw 
the gas through the pipes from the blast furnace and deliver 
it to the engine cylinders. The gas is also cooled to condense 
the steam and allow it to separate from the gas, leaving the 
latter drier and more suitable to use. 

The calorific capacity of blast furnace gas is low, as shown 


by the comparative figures given below: 


British Thermal 
Units per cu. ft. 
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While an engine must be larger if it is to be operated by 
blast furnace gas than if used with a more efficient fuel, its 
size need not be as great as indicated by the number of heat 
units, since a much larger charge can be used than with natu- 
ral or illuminating gases, which are more inflammable. 


* * * 


The Hlectrical World and Engineer says that a 60,000-volt 
power transmission line 105 miles long is projected at Guana- 
juato, Mexico. Power is to be transmitted from a waterfall 
by the tri-phase alternating system and the line wires are to 
be supported on steel towers 440 feet apart, making 12 to the 
mile. The line wire is a cable made up of 19 strands of 
copper wire having an aggregate section equal to a No. 1 
solid wire. The reason for using a cable instead of solid 
wire is that the tensile strength is increased fully 50 per 
cent. over the solid wire, and high tensile strength is quite 
necessary with such long spans. It is estimated that the 
cost for the tower-supported line will be no more than for a 
pole line. 
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FOUNDATIONS. 
Oscar EH. PERRIGO. 


It is but quoting an old maxim to say that if we are to 
build a good house we must have a good foundation to build 
it on. And we may just as pertinently say that if we are 
to build a good and substantial foundation, we must have 
something solid to lay it upon. Otherwise we shall be 
like the man who built his house upon the sands. The 
diversity of the ground, at the surface and down through 
the stratifications of material of various densities and 
strengths, from the solid nature of rock to the almost fluid 
condition of alluvial soil, must be considered. Hach of these 
conditions requires special treatment according to its na- 
ture. 

To properly secure a firm bed for the foundation of a 
building, we must either excavate down to firm and solid 
ground, technically called “hard pan,’ or we must by arti- 
ficial means produce a substantial surface upon which to 
begin the masonry. It is quite impossible for the archi- 
tect, the mason or the contracting builder to tell us by a 
superficial examination of the ground how deep we must 
go to reach solid ground, or “hard pan.” To some extent 
this may be ascertained by ‘“‘sounding;” that is, by making 
small excavations at various points, to obtain the necessary 
information upon which to determine not only the depth to 
which the foundation must extend, but whether the nature 
of the ground renders such artificial support as piles neces- 
sary. 

It may be found that at some points in the foundation of 
extensive buildings we need excavate only a few feet, whilé 
at others, very deeply; and still at other points the ground 
may be of such a yielding nature that piles must be driven. 
Or we may find that the use of piles would be a much more 
economical method than very deep masonry. But what- 
ever the depth we may be obliged to go to, or the process 
by which we produce our bed for the foundation, all parts 
of it must be, not only firm and practically unyielding but 
level. Hence, when we excavate to varying depths the earth 
must be “benched out,’ as it is called, as shown in Fig. 5. 

Great care should be taken to have all parts of the 
bottom of the excavation of as equal density and resisting 
power as possible, that they may equally support the great 
weight of the wall to be built. This condition becomes 
all the more important as the walls of the building are 
higher and the consequent weights and strains correspond- 
ingly increased. It is, of course, true that no ground can 
be found so absolutely solid as not to yield somewhat when 
the weight of the building is put upon it, and therefore 
we must not expect to wholly prevent a certain amount of 
settling; but we should use all possible care to have this 
settling as equal as possible over the whole area of the 
foundation. ; 

Having ascertained the nature of the ground as far as pos- 
sible, we may determine the kind or kinds of foundation 
necessary. If the ground is so soft and yielding that exca- 
vation to solid earth will have to be very deep, making a 
stone foundation excessively expensive, piles should be 
driven as deep down as possible—say, two feet apart, from 
center to center—and cut off level at the top, and be down 
low enough to remain always wet. Upon these piles timbers 
of sufficient size are placed, being laid across each row 
of piles; then upon these another course of timbers, at 
right angles to the first. These may be laid close together 
or two or three inches apart, the size of the timbers being 
determined by the weight of the wall they are to support. 
For instance, for the walls of the machine shop proposed 
in these articles, the timbers may be 10x12 inches laid on 
edge. Fig. 1 gives a plan view of this method and Fig. 2 
shows a cross section of the same. It is not always neces- 
sary to arrange the piles in three lines, with those in the 
center row in line with those of the two outer rows, as shown. 
Where the weight of the superstructure is not excessive it 
is often preferaple to begin by setting three piles in a row, 
then two so they will come opposite the intervals of the 
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first row; then, the next row of three in line with the first; 
then another row of two piles and so on. Where there 
is considerable depth from the top of the piles without side 
support it is necessary to drive “sheet piling.’ Set planks 
three inches thick, or thicker, with their edges close together 
so as to enclose the work on both sides, and afterward fill 
in the spaces between these planks and the solid earth with 
tightly rammed gravel, and if necessary fill the spaces be- 
tween the piles with stones or concrete. This will give 
them quite sufficient support to make a very firm founda- 
tion bed and prevent any lateral movement which might 
result from the bending of the piles. 

Timber should not be used under a foundation unless it 
is in a position to be kept continuously wet by the surround- 
ing soil, for the reason that if always wet enough to exclude 
the air it will endure for a very long time, but if so situated 
as to be sometimes wet and again dry, it will soon decay. 
Therefore, if the use of timber, as above described, is not 
feasible we must use stone and so arrange the piles, regard- 
ing the distances from center to center, as to allow the use 
of such stones as are available, cutting off the tops of the 
piles below the water line if possible, or at least so low as 
to have them always wet. This arrangement is shown in 
LN, aS, 

Sometimes fairly solid earth may be reached within a 
reasonable depth, but it requires digging quite a depth be- 
yond this before reaching really solid ground or “hard 
pan.” In such a case it may be advisable to lay down first, 
a course of concrete four to six inches thick, then a layer 
of timber and another course of concrete, which wiil furnish 
an excellent bed for the foundation. The second course 
of timber may be replaced by a course of 3-inch planks if the 
wall is not a very heavy one. Circumstances might also 
warrant three courses of timber. The width of the timber 
work should be from two to three times the thickness of the 
wall. Fig. 4 shows such an arrangement. 

A prominent public building has stood for many years 
on very soft and yielding alluvial soil, upon which such a 
foundation as that described above was laid over the entire 
area to be covered by the structure, and many feet deep. 
Then the stone foundation proper was built upon it, after 
which the very heavy and massive stone building was erected. 

Where excavations vary in depth at different points of the 
same wall the ground should be cut out in steps, or 
“benches,” so that the bed whereon the foundation is built 
may be perfectly level. The lower steps should be built in 
with as large stones as possible and brought up to the level 
of the more shallow parts. For the larger stones require 
a smaller number of cement joints and will settle less and 
consequently, are less liable to disturb the work by yielding 
unequally. See Fig. 5. In all cases the excavation should 
be made below the reach of frost. : 

In building up a foundation of stones they should be 
laid with as near horizontal joints as possible so as to 
prevent the lateral movement of the stones by the weight 
put upon them. They should also be laid as far as possible 
in courses, and each course leveled off before commencing 
the next, the thickness of the courses necessarily depending 
on the thickness of the largest stones. These points are 
all the more important at corners, where tendencies to dis- 
integrate are the most liable. The foundation is laid con- 
siderably wider at the base than at the top, either in a wall 
gradually decreasing in thickness (that is, technically, with 
a “batter” of so much per foot, as in Fig. 6) or more com. - 
monly by a wide footing of one or more courses of larger 
stones. Above that it is built with regular vertical faces as 
shown in Fig. 7. 

However the foundation wall may be built, the space be- 
tween it and the sides of the excavation should be filled in, 
either by tightly rammed earth or gravel, or better still by 
“nuddling,” that is, by flooding the space with water, throw- 
ing in the earth or gravel and allowing it to settle, ramming 
only from six inches to a foot of the top. The foundation 
of stone should be carried up above the level of the ground, 
from one to two feet according to circumstances. If the 
main floor of a building is to be raised several feet above 
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the ground level, it is usual to build the foundation high 
enough to rest the floor timbers upon it, filling in the 
spaces bétween them with brick and leveling up ready for 
the brick wall. 

The importance of using strong mortar in foundation work 
seems to demand that particular attention be paid to the 
proportions of its ingredients which will make the best com- 
pound of its kind. Use two parts of Portland cement, one 
part of slaked lime, and about three parts of clean, sharp 
sand. The quantity of sand must be varied according to its 
fineness, Sharpness, and freedom from dirt. A larger quantity 
of fine sand will be needed than of coarse. Some sand has 
a more rounded grain instead of the sharp angles of the 
better quality. Of such sand more must also be used. 

Foundations are generally laid in mortar having a greater 
or lesser proportion of cement. They should also be stronger 
in this respect for the lower or underground courses than 
for the upper ones so as to better resist the action of water. 
In fact much of a foundation is frequently laid in mortar 
composed of only cement and sand, omitting lime altogether. 

Thus far only the foundations for buildings have been 
considered. These have for their principal object to sustain 
the weights of the superstructure erected upon them. In the 
case of the foundations for machinery it is quite different. 
Here not only the weight must be sustained but the question 
is complicated by the jars, strains and shocks due to the 
operation of the machines; and this must also be considered. 
These vary largely in different cases, as for instance, the 
steady revolutions of a large lathe, the reciprocating motion 
of an engine and the vertical concussions of the steam 
hammer or drop press. Foundations for engines, large 
lathes, planers, boring mills and so on, are built in a man- 
ner somewhat similar to that for the foundation of a 
building, except that they are usually much broader at the 
base, conforming in a general way to that shown in Fig. 8. 
Only a good quality of hard bricks should be used, and the 
entire work should be laid in strong cement mortar. 

The holding-down bolts, when it is necessary to use such 
fastenings, are made long enough to reach well down in 
the foundation, if not entirely through it, and are provided 
with large washers or plates at their lower ends. These are 
put in place as the foundation is built up and their top 
ends are held in position by a templet made of boards 
in the form of a frame, and representing the base of the 
machine. In a large foundation of this character, blocks of 
dressed stone should be worked into the finishing courses of 
bricks so as to bring them level with the top. These are 
usually placed crosswise, one at each end; and others at 
such points as to furnish firm support for the cylinder, crank 
shaft, pillow block, and guides of an engine; for the heada- 
stock of a lathe, and for suitable points along the length of 
the bed; under the uprights or housings of planers and at 
each pair of legs, or at proper intervals where the entire 
bed rests on foundations without the use of legs. Usually, 
in the case of a planer, and often of a large lathe, the 
foundation is composed of a series of piers built up separate- 
ly at the points to be supported, each pier being capped by 
a stone of sufficient size to cover it. 

In laying out the foundation for a planer of say, 36x36 
inches or larger, a pit should be provided under the center; 
that is, from a point one to two feet back of the face of the 
uprights to a point three to five feet in front of the uprights, 
and five to six feet deep. It should be broad enough for 
the building of narrow steps leading down into it. This pit 
will receive a great portion of the chips produced, and in it, 
resting on large and firmly set stones, should be two cast- 
iron columns, with strong jack screws tapped into their tops, 
and coming up into contact with the under side of the bed at 
a point near the face of the uprights. Thus arranged, they 
are very useful in maintaining the proper alignment of the 
planer. A foundation now in use, upon which large lathes 
are erected and tested, was built as shown in Fig. 9. Solid 
ground was found about five feet below the floor level, and 
a course of concrete was first laid, then three courses of 
stones, and upon these hard bricks, cement being used 
throughout. Upon the top of each pier a cast-iron plate 1% 
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inches thick was placed. This plate had downwardly project- 
ing flanges all around it, deep enough to cover three courses. 
of bricks. In the top of these plates was a hole six inches in 
diameter. When the brickwork was finished these plates 
were put in place and leveled up so as to leave about half 
an inch space between the plate and the top of the bricks. 
Around the lower edges of the flanges the space was carefully 
closed with cement. Then cement was mixed thin enough to 
flow easily, and was poured into the hole at the top until the 
entire space at the top and sides was completely filled, and 
the whole was allowed to “set.” The tops of the plates were 
about 1% inch above the top of the floor, which was built up 
closely around them. Very heavy lathes are moved on and 
off these piers almost daily without injury, and the piers have 
not settled to any appreciable extent, or so as to cause any 
difficulty in leveling up machines to be tested. 

In placing high-speed engines or planers, which are liable 
to lateral shocks, it may be advisable to provide cast-iron 
plates as described above, with the downwardly projecting 
flanges to cover the upper courses of brickwork, and also 
with upwardly projecting flanges enclosing sufficient space 
for the base, cabinets or legs, as the case may be. After 
leveling up the machine with steel wedges, say a 4 toa % 
inch, the space is filled with melted lead or brimstone, which 
when cool will form a very secure, serviceable and durable 
arrangement. 

Foundations for machines subject to considerable vertical 
shocks, such as steam hammers, drop presses and the like, 
must be treated in an entirely different manner. From the 
nature of the work a solid foundation of stone and brick is 
not usually considered as best adapted to the conditions. 
Such a foundation would soon be spoiled by cracks and dis- 
integration from the shocks, and serious consequences to the 
machine might ensue, the parts broken, for instance, or the 
dies ruined. For such cases many experienced men prefer 
foundations that may be elastic enough to relieve the ma- 
chines somewhat of the sudden strains and shocks of heavy 
and oft-repeated blows. In these cases the foundations are 
composed of timbers. There are two common types of these 
foundations. The’ first one, for small or medium sizes of 
drop presses or hammers, are built with timbers set on end 
and firmly bolted together in sufficient numbers to form a 
foundation of the required size, as shown in Fig. 11, the bolts 
going entirely through the mass. Timbers 10 x 10 inches or 
12 x 12 inches are a convenient size, and hard pine is found 
by experience to be best adapted to the work. The excaya- 
tion is first made to solid ground, then a foot or so of hard 
gravel is tightly rammed down in the bottom, to form the 
bed. The timbers are cut of a proper length to reach the 
surface, but should not be less than five feet long. They are 
bolted together, lowered into place, and leveled up and 
good hard gravel is tightly rammed in around the timbers 
filling the space between them and the sides of the excavation. 

This form of foundation is adapted for drop presses and 
small hammers in which the anvil is a part of the machine 
itself. In case a hammer is of such size as to have the 
anvil detached from the main frame, the latter is supported 
upon a stone foundation, or on one partly of stone and partly 
of brick (built in two piers for a double hammer), as in 
Fig. 10. The foundation for the anvil is built of timbers laid 
horizontally, the base being spread over as large an area 
as practicable, in order to resist the force of the blows of the 
hammer. In a double hammer the anvil foundation must be 
restricted in width, but may be extended in length at the 
base so as to present the form shown in the engraving. 

The size of the foundation is necessarily proportioned to 
the size of the hammer, but approximately as follows: Sup- 
posing the width between the upright parts of the main 
frame to be six feet, the width of the timber work will be 
about four feet, the length on top eight feet and at the base 
twelve feet—assuming the necessary depth to be four feet. 
If solid ground is not found at this depth, the excavation may 
be filled up with hard gravel, stone or concrete; or a layer 
of concrete may be placed at the bottom, then a course or two 
of stone laid in cement mortar, and finally hard gravel well 
rammed in. The timbers should be bolted together at the 
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corners or securely spiked, but owing to constant shocks, 
bolts are to be preferred. The top corners of the timbers 
should be bolted together horizontally. The masonry piers 
and timber foundations must not in any way be connected, 
as the constant concussions would soon disintegrate the 
masonry. All spaces around the masonry and timber work 
should be tightly rammed with hard gravel. The size of the 
timbers may be from 6 x 6 inches and larger according to 
the size of the structure; but they are usually 10 x 10 inches 
or 12 x 12 inches. Timbers used in places where decay is 
feared should be coated with hot gas tar as a preservative. 
On one occasion, in soft and very yielding ground, a ma- 
chine of forty tons weight was supported by a foundation 
built by excavating nearly 30 feet deep, piles being driven 
at two feet centers over an area about three times the width 
and length of the base. Upon these was built a timber struc- 
ture in the manner described, up to within six feet of the sur- 
face of the ground, and gradually drawn in to four feet larger 
all round than the base of the machine, which was quite 
high in proportion to its width of base. On this timber work 
stone laid in cement mortar was built up to the level of the 
ground and the machine erected upon it. The foundation 


proved successful. 
* * * 


NOTES ON CORRESPONDENCE INSTRUC- 
TION: 


SOMETHING ABOUT THE WORK OF THE INTERNATIONAL 
CORRESPONDENCE SCHOOLS, AND OF THE AMERI- 
CAN SCHOOL OF CORRESPONDENCE. 

The remarkable progress in correspondence instruction dur- 
ing the past few years is the most interesting fact connected 
with the great educational movement of the present time. It 
is said there are more correspondence school students 11 
the state of Massachusetts alone than in all the colleges and 
universities of the whole country. This means that there are 
thousands of persons, mechanies and others, who do not be- 
lieve the saying to the effect that a workman is hired to 
work, not to think. The best mechanics are those who do 
think, who are well informed, who are well grounded in the 
foundation principles of their trade; and the same is true, 
only to a greater degree, as they advance to the higher posi- 
tions of foreman, superintendent, and so on. 

A representative of MACHINERY recently stopped at Scran- 
ton, Pa., en route to Chicago, to call at the International Cor- 
respondence Schools, and later, when in Chicago, a visit was 
paid to the American School of Correspondence in their new 
quarters adjoining Armour Institute. As many readers are 
personally interested in correspondence instruction it is be- 
lieved that a brief report from these two institutions will be 
welcome. 

It is generally known, of course, that the International Cor- 
respondence Schools are conducting their work on a large 
scale, but it is doubtful if many appreciate the enormous pro- 
portions to which the schools have grown during the few 
years they have been established. There is now an enroll- 
ment of nearly 500,000 students, or nearly half a million, with 
a rate of increase of about 13,000 students per month. There 
are 1,200 employees of the schools in Scranton alone. In 1898 
a large executive building, of stone and four stories high, was 
erected for office purposes, also a printing office with ac- 
commodations for 200 workmen. But here, as in other de- 
partments, the growth has been so rapid as to exceed all 
anticipations and the buildings were no sooner completed 
than they were found inadequate, and at the present time 
additional rooms are rented in every available office building 
in the city. In the matter of printing, conditions are even 
more inconvenient. All the new text books are printed in 
New York City, and all the printing offices of Scranton are 
assisting in printing the circulars, blanks, etc., used by the 
schools. 

The outcome of the whole matter is that still another new 
building is being erected for both office and printing purposes, 
which it is hoped will meet the requirements of the concern, 
for a time at least, and to provide for the future it is so 
planned that it can be enlarged to twice its present size. The 
building will be 460 feet long, 167 feet wide, divided into 
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three bays—one at each end three stories high, and a middle 
bay 300 feet long, partly one and partly two stories high, 
where will be installed the printing offices and machinery. 
Mr. T. J. Foster, the founder of these schools, is taking much 
pride in having the new building a model of architecture in 
every respect, that may be held up to the students as an exam- 
ple for their guidance. It is being constructed of Pompeiian 
brick, both inside and out; the machinery will be motor 
driven, the elevators of the plunger type, and the power 
plant will be of the most approved type in every respect, with 
reserve units for emergency use. This building is perhaps 
the most interesting feature to report upon at present. 

There have, however, been several changes and additions 
in the courses of instruction and an extensive revision of 
the papers of all the courses is in progress, including the 
course in machine shop work to which we have referred in 
a previous number of the paper. One secret of the rapid in- 
crease in the business of the schools is that new courses have 
been frequently added, taking up different departments of 
work, and adapting correspondence instruction to new fields 
where there appeared to be a demand for instruction. There 
are now 142 different courses, and they include such unusual 
subjects as the packing house industries, the manufacture 
of leather and of soap, window dressing, metallurgy of gold, 
silver and copper, etc., these being mentioned to show the 
diversity of instruction. Two new departments have been 
established, the School of Navigation and the School of Tex- 
tiles, the latter acquired through the purchase of the Corre- 
spondence School of Textiles of Bedford, Mass. In preparing 
the various instruction papers outside writers are employed, 
if the time of the instructors at Scranton does not permit, or 
the experience of those intimately connected with commercial 
work is desired. 

There is now being issued, in a library of about 50 volumes, 
a collection of the best instruction papers upon various tech- 
nological subjects. As a matter of course the subjects of the 
various courses overlap to a greater or less extent and it is 
believed that many would like a reference library, written in 
elementary style, which treats of the different technical sub- 
jects, but without duplication. This library will be added to 
until it contains upwards of 75 volumes. In preparing these, 
special attention is given to the illustrations, as will be 
appreciated by those who have seen the International Corre- 
spondence School papers, which are probably the best illus- 
trated of any technical books at the present time, not except- 
ing books by our best publishers. 


The American School of Correspondence, 

The American School of Correspondence at Chicago, re- 
cently removed from Boston, is pleasantly located in buildings 
adjoining Armour Institute of Technology and owned by the 
Armour interests. The offices are novel in that they occupy 
what were formerly apartments, or flats, two whole apart- 
ment buildings having been secured for the purpose. They 
make an almost ideal arrangement, however, for so diversified 
a business as correspondence instruction, where there are 
many departments and private offices are needed by the vari- 
ous instructors. 

As most of our readers are probably aware, this school is 
trying a new and important experiment in correspondence 
instruction. The removal from Boston to Chicago was _ be- 
cause of arrangements by which the correspondence method 
of the American School of Correspondence is to supplement 
the work of Armour Institute; or more properly, perhaps, is 
to be supplemented by the work of the institute, in so far as 
students of the correspondence courses are able, through their 
preparation, to profit by the superior advantages of a resi- 
dence course at Armour Institute. It is proposed that a stu- 
dent shall have the opportunity of enrolling in the school of 
correspondence with the idea of eventually completing his 
studies as a regular student at Armour Institute. 

The arrangement by which the two schools are to co- 
operate in offering instruction has been in effect for so short 
a time that it is impossible to estimate at present to how great 
an extent the correspondence studies may be made of service 
to prospective Armour Institute students. Before the full 
benefit of the arrangement can be secured some of the papers 
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of the correspondence course must be rewritten to conform 
to the instruction given at the institute, and this work will 
be under the supervision of the Armour Institute faculty. lt 
must be remembered that as the correspondence courses now 
stand they are intended to give elementary instruction of a 
more or less superficial character, adapted to the needs of the 
workman with limited education. They were prepared from 
an entirely different standpoint from the courses of a tech- 
nical college. 

There are three different departments or grades of study 
under the direction of the Armour Institute. First and most 
important is the School of Engineering, corresponding to the 
best technical colleges, which give a degree upon the satis- 
factory completion of four years of study; second, is the 
Academy, of high-school grade, which equips students to enter 
the school of engineering; and lastly the Armour Institute 
evening school. 

It is not expected that a course of correspondence will 
enable a student to cancel any of the studies in the school of 
engineering, as it is desired for the present, at least, that 
a person shall spend four school years at Chicago, before re- 
ceiving his degree, so that he may come into intimate contact 
with the instructors and derive the full benefit of the labora- 
tory instruction. What will be accomplished, however, and 
is now to a considerable extent, is to apply as much of the 
correspondence instruction as possible to prepare a student to 
enter the school of engineering without taking the course in 
the academy. It is believed that a person will be able to fully 
qualify to enter the institute in this way, and at the same 
time his correspondence studies will make his residence course 
easier for him and possibly enable him to take other additional 
studies that he could not otherwise complete. A course in 
correspondence will also enable a student to cancel certain 
studies given in the evening school. 

The papers that are now being prepared for the correspond- 
ence schools are being written by outside authorities, for 
the most part, or by Armour Institute instructors, and the 
custom is adopted of putting the author’s name on each paper. 
This experiment in technical instruction is similar to what 
is being done with success by the University of Chicago in 
general studies, and it will be carried along on conservative 
lines and, we believe, strictly on a high plane. 


% %* % 


INTERNALLY AND EXTERNALLY FIRED 
BOILERS. 


The art of steam making is one that has probably received 
as much attention from inventors and engineers as any other, 
yet there seems to be a general misunderstanding, on the 
part of many practical men, of the laws that govern combus- 
tion and the best way to absorb the heat from a fire into the 
water of a steam boiler. The common and mistaken idea is 
that the water-backed surfaces should be as close to the fire 
as possible and preferably that they should surround the fire- 
box on all sides. This is a mistake. Economical steam- 
making requires that: 1. The fuel be burned at the hottest 
possible temperature. 2. That the heat of the fire be absorbed 
by water-backed surfaces after combustion is practically com- 
plete. To burn the fuel at the hottest temperature the fire 
must be removed from refrigerating effect; that is, it must not 
come in contact with water-backed surfaces until combustion 
is complete. 

In a circular of internally-fired boilers recently received, 
some strong claims are advanced for this type which occasion 
these remarks. The internally-fired boiler is claimed to be 
superior to the externally-fired type requiring a brick setting 
because as the fire is surrounded on all sides by water- 
backed surfaces, there cannot be so much loss of heat as with 
a brick setting. The externally-fired boiler is referred to as 
being a modification of the camp kettle with the addition of 
a masonry setting which absorbs and radiates much heat, etc. 
No one can deny that the internally-fired boiler has many 
good points nor that it is indispensable for marine, locomotive, 
portable or similar service where brick settings would be im- 
practicable, but the fact remains that the internally-fired 
boiler must work under conditions that do not tavor perfect 
combustion. The water-backed surfaces surrounding the fire- 
box reduce the firebox temperature and the gases escape 
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into the flues only partially consumed. The tubes cool the 
temperature of the gases still more, so that they finally escape 
in a partially consumed state—smoke. 

The ideal boiler setting is one in which the fuel is burned 
in an isolated furnace constructed of firebrick and properly 
protected to prevent radiation. From this sort of firebox the 
hot gases are conducted against the water-backed surfaces 
of the boiler to give up their heat. Firebrick piers may be 
provided in the path of the hot gases, which become red-hot 
and tend to maintain an even temperature while the furnace 
is being fired with fresh fuel. Such a furnace when properly 
constructed will burn the fuel with little or no smoke and 
in a most economical manner, but we are not saying that 
such a construction is always desirable or that it is practicai 
under many circumstances because it is not. It takes up a 
great deal of room and is expensive. In general, however, these 
conditions may be very well approximated, in the horizontal 
tubular boiler with brick setting, by building a firebrick arch 
over the grate so as to prevent direct radiation of heat to 
the boiler shell. The objection to this scheme is that it is 
expensive to build and maintain, and that it increases the 
total height of the setting. The advantages will probably off- 
set the disadvantages in most cases. 

In regard to the character of brick work in a boiler setting 
it has recently been pointed out by a foreign authority that 
it is better to have the internal surfaces rough rather than 
smooth. If the surfaces are smooth the gases have a tendency 
to travel in parallel lines without intermingling, whereas if 
the surfaces over which they travel are made rough, the 
mixing of the gases is favored, and consequently more per- 
fect combustion. The irregular surfaces are obtained by 
simply laying the bricks so that every alternate brick pro- 
jects half its length into the furnace. Not only do the pro- 
jecting bricks break up the stream lines, but they become in: 
tensely heated and have a regenerative effect, something after 
the plan of the Siemens steel furnace. 

Efe, Sean 


GOLD DREDGING IN NEW ZEALAND. 

In the November issue allusion was made to a novel gold 
dredging machine which is in limited use on the Pacific 
coast. This description having come to the attention of 
Marshall, Sons & Co., who have large works at Gainsborough, 
England, they have sent us some interesting literature on 
the subject of gold dredging, from which we quote in sub- 
stance: 

The gold dredging industry originated on the Clutha River 
in Otago, New Zealand, about the year 1860. The industry 
has proved immensely profitable in that province, there being 
upwards of two hundred dredges at work, many of which are 
paying monthly dividends of 5 per cent., and more. The 
spoon dredge was the first type of machine used, but this has 
been generally superseded by the traveling bucket dredge 
having one central bucket ladder. The bucket ladder is 
mounted in an inclined position near the center of the dredge, 
with the lower end, of course, reaching to the river bed from 
which the traveling buckets convey the mud and sand. The 
dredges are built self-contained so that the engine, boiler and 
separation apparatus are all on board. A traveling conveyor 
carries the refuse to a spoil bank. The buckets usually de- 
liver into a shoot leading to a revolving perforated screen 
which separates the stones from the fine stuff carrying the 
gold. The gold-saving tables are efficient and little gold 
escapes. An example is mentioned where one hundred par- 
ticles of fine gold were separated and found to weigh less 
than one-tenth of a grain. The efficiency of the dredging ap- 
paratus is so high and the cost of operation so low that it is 
said to be profitable to work deposits carrying only one grain 
in weight per cubic yard. Gold dredging machines are profit- 
ably worked in the beds of ancient rivers, even if little water 
is available. Where no water is at hand, it is carried to 
the scene of operation in pipes. As the water is used over 
and over again, the volume of water required is not great, 
after enough is once obtained to float the dredge. A gold 
dredger is capable of cutting its way into the bank of a river, 
and this is often done where the river has changed its course. 
In such cases the river is left behind, sufficient water seeping 
through the tailings to float the dredge. 
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A LARGE HOISTING DRUM. 


BUILT BY THE NORDBERG MFG. CO.-THE LATHE IN 
WHICH IT WAS TURNED. 

The striking illustrations in this connection are from the 
works of the Nordberg Mfg. Co., Milwaukee, Wis., builders 
of steam engines, hoisting machinery, steam stamps, air com- 
pressors, and a general line of mining machinery. The Nord- 
berg Mfg. Co. are now occupying their extensive new plant 
near the city line of Milwaukee, on the Chicago, Milwaukee 
and St. Paul Railway, and are unusually well equipped in 
every way for building the varied line of heavy tools for which 
they are well known. The plant is the result of much careful 
thought and study and there are numerous features of inter- 
est connected with its arrangement and equipment, and with 
the engineering work in progress, which we intend to refer to 
in a subsequent number. 

At the present time the most important work on hand is a 
hoisting engine for the Tamarack Mining Co., Calumet, Mich. 
In its main features 
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diameter and these are not adapted to turning a spiral groove 
on the taper ends of a drum. The most feasible plan is to 
use a pit lathe, and here again much care and patience must 
be exercised in securing the segmental rings to the faceplate 
of the lathe in such a way that they may not only be rigid, 
but may be both turned on their circumferential surfaces and 
faced on both edges. The various views show how the job 
was accomplished and are sufficiently novel to warrant careful 
study. 

Figs. 2 and 3 on the next page give an excellent idea of the 
pit lathe, the former being a side and the latter a front view. 
One of the conical ends of the drum is in position and the 
tool is at work grooving it. The lathe was constructed and 
formerly used at the old plant of the company and when the 
new works were erected was moved to its present location. It 
has a massive headstock, placed on a masonry foundation, with 
a faceplate 15 feet in diameter. 

The lathe spindle is hollow, for the accommodation of a 
large boring bar, so that a pulley or gear may be bored while 

it is in position on 


and dimensions this 
will be practically 
a duplicate of an 
engine built for the 
same company 
about four years 
ago, which was de- 
signed to hoist from 
a depth of 6,000 
feet, or 720 feet 
more than a mile, 
and at a maximum 
speed of 5,000 feet, 
or nearly a mile a 
minute. The  fa- 
mous Tamarack 
mine, for which 
+ h es e machines 
were designed, has 
the deepest shafts 
in the world, and 
the two hoisting 
engines are the 
largest of their kind 
and in points of 
efficiency, safety 
and convenience 
show the result of 
engineering skill of 
a high order. In 
general form, they 
have a massive tri- 
angular  bedplate, 
with the rope drum 
and its shaft sup- 


the faceplate. This 
bar is driven inde- 
pendently of the 
lathe spindle, by a 
worm and worm 
wheel and pulley, 
to be seen plainly 
in Fig. 6. The feed 
mechanism is at 
the rear of the bar. 
The lathe spindle is 
driven by a varia- 
ble speed motor, on 
the multiple volt- 
age system. The 
wire connections 
and the controller 
box, together with 
the motor, appear 
plainly in” Hies. 2: 
The motor is belted 
to a pulley at the 
base of the head- 
stock, near its for- 
ward end, and the 
pulley shaft ex- 
tends through to 
the other side ot 
the headstock and 
drives the faceplate 
through a train of 
gears. 

There are two 
carriages and tool 
blocks provided for 


ported in bearings 
at the upper apex 
of thest Piva nee: 
There are four in- 
clined Corliss engines resting on the faces of the bedplate and 
arranged in pairs, one pair operating on a single crank at one 
end of the shaft and the other pair operating on a crank at 
the opposite end. ; 

The rope drum of the first machine had cast grooves for the 
hoisting rope, but in the machine now building the drum 
was first turned, to produce a smooth surface like the face of 
a pulley, and the grooves were then turned out of the solid, 
making a thoroughly mechanical piece of work. The drum 
is 25 feet in diameter, 24 feet 6 inches long, and as it stands 
on end in the shop in the position in which it was photo- 
graphed for the illustration, Fig. 1, it presents one of the 
most striking examples of machine work to be found. It is 
composed of 48 separate segments bolted together, besides the 
spiders, tension rods, etc., used in supporting it and attaching 
it to the shaft. The process of turning the grooves on so 
large a drum is of unusual interest. There are but few bor- 
ing mills in the country which will take a piece 25 feet in 


Fig. 1. Rope Drum asit looks Completed. Size, 25 feet Diameter; Length, 24 feet 6 inches. 
inch Hoisting Ropes, each 6000 feet long, are operated by this Drum. 


the lathe, which 
slide on ways on 
top of a heavy cast 
iron bed shown in 
Fig. 2. This bed can be moved and clamped solidly in 
any desired position relative to the lathe. On each side 
of the pit are long, narrow floorplate castings, anchored to a 
foundation, which serve as baseplates for supporting the bed. 
The baseplates have T-slots running lengthwise so that the 
bed may be clamped in whatever position it is to be located. 
There are notches cast along the edges of the baseplates and a 
bar can be inserted in any one of them in order to pry the 
bed into its position. As it would be somewhat difficult to 
locate a casting of the size and weight of the slide base with 
any degree of quickness and precision, especially when turn- 
ing the taper faces of band pulleys, a taper attachment is fitted 
to the base and may be employed with either or both car- 
riages. The taper attachment is supported by brackets ar- 
ranged to slide on ways on the side of the base casting, and 
it will be noted from Fig. 2 that the attachment proper con- 
sists of two long slotted plates, pivoted on the middle bracket, 
so that the outer ends of either may be moved horizontally 
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one way or the other as required. When 
turning the face of a pulley, for example, 
the middle bracket of the taper attach- 
ment would be brought in line with the 
eenter of the pulley, and the two cam 
plates swung inward to conform to the 
taper of each side of the pulley face. Hach 
tool carriage has three adjustments: one 
in a longitudinal direction along the top 
of the bed, and two transverse adjust- 
ments, by means of two cross:slides. One 
of the cross-slides has screw and hand- 
wheel adjustment and the other is con- 
trolled by a projection attached to the 
cross-slides, which fits in the slot of the 
taper attachment, the principle being the 
same as in an ordinary lathe fitted with 
a taper attachment. 

When doing ordinary turning the longi- 
tudinal feed for the tools is accomplished 
by a ratchet mechanism operated by a 
gear and pinion back of the main head- 
stock bearing, and clearly visible in Fig. 
6. When grooving the drum, a coarsé, 
regular feed is necessary and this is se- 
cured by means of a chain drive, appear- 
ing in Fig. 2. The chain is driven by a 
sprocket wheel on the lathe spindle, back 
of the faceplate. An intermediate over- 
head countershaft makes it possible to 
connect up to the sprocket wheel on the 
carriage slide when the latter is placed at 
an angle, as in Fig. It also facilitates 
the use of different sprockets for securing 
different rates of feed. 

When work was begun on the large 
hoisting drum, the lathe was in the old 
plant and views shown in Figs. 4 and 5 were taken before 
moving to the new quarters. Fig. 4 shows the lathe at 
work turning and facing the straight portion of the drum, 
preparatory to grooving the same, and Fig. 5 shows the 
grooving operation in process. The straight portion of the 
drum is built up of two annular rings bolted together side 
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Fig. 2. Side View of Pit Lathe, with Taper End of Drum in position for Grooving. 


by side and each ring is composed of 12 segments. In Fig. 
4 only one ring of segments is in the lathe, the parts of the 
other ring being piled up at the further side of the lathe. In 
Fig. 5 both rings are bolted together as one piece and the 

grooving is continuous from one side to the other. 
The two taper sections of the drum are composed of 12 
taper segments each, two 


of which appear in the 
foreground in Fig. 4, 
which will give an idea 
of their size and shape. 
It is, of course, some- 
what of a problem to 
properly support the parts 
of a drum of this size, 
and the method adopted 
is quite interesting. The 
different rings that go to 
make up the drum are in 
effect like the rim of a 
wheel and must be stiff- 
ened in practically the 
same way that a wheel 
rim is supported, viz., by 
spokes, which must not 
only give stiffness to the 
rim, but must be able 
to resist the _ torsional 
stresses due to the cut- 
ting force of the tools. 
Referring to Fig. 4, it 
will be seen that a sup- 
porting arbor was used, 
the outer end of which 
runs in an outboard bear- 
ing. There are two sets 
of spokes for the rim, one 
set composed of round 
wrought iron or steel bars 


Fig. 3. Front View of Lathe, showing Method of securing the Taper Section of Drum. 


like the tension spokes 
of a bicycle rim, and the 
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Fig. 4. Turning One-half of Straight Section of Drum, 


other set of castings is bolted to the faceplate and made suffi- 
ciently heavy to both stiffen the rim and withstand the tor- 
sional force. When it came to supporting the wider section 
of the rim, however, as represented in Fig. 5, an outer spider 
was placed on the shaft and extension arms were bolted to it 
like those bolted to the faceplate. 

The method of supporting the taper section was identical, 
except that the spider was of such a diameter that the lugs 
on its outer circumference could be bolted directly to the 
flanges on the smaller circumference of the drum. 


MACHINERY. 


245 


As mentioned above, this drum is built up of small seg- 
ments, bolted together, which, while it increases the cost for 
machining, reduces the labor in the foundry and pattern shop 
and makes it possible to secure practically perfect castings, 
The method of 


an imperfect segment being easily replaced. 


Fig. 5. Grooving Straight Section of Drum, 


supporting the drum on its shaft, when in place on the engine 
bedplate, is different from that usually employed. The shaft 
itself would ordinarily be made the supporting element and. 
several spiders placed side by side on the shaft would be 
employed for stiffening the shell and keeping it in position. 


Rear View of Lathe during Process of Turning one of the Taper Sections. 
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In the Nordberg drum the supporting element is the shell, 
which is very rigid, strengthened as it is by the bolt flanges of 
the different segments. Instead of a series of spiders two 
flanges or discs are used, one for each end of the drum. 
These are keyed to the shaft and before being mounted to the 
shell are brought into parallelism by means of through bolts 
passing from one disc to the other, thus stiffening the shaft 
and reducing any tendency to deflection. This being done, the 
shell segments are placed in position and tension rods are 
employed to further support the center of the shaft and to 
increase the rigidity of the drum itself. 

It should be mentioned in connection with the drum that 
the shape in which it is made—taper at each end and straight 
at the center, as shown in Fig. 1—is a compromise usually 
adopted with large drums to secure compactness. The hoist 
is of the balanced type, two cages and two ropes being used, 
one rope unwinding as the other is wound up. The total 
weight of one rope when unwound is in this case over 20,000 
pounds, or about equal to the combined weights of the cage, 
cars and ore which are hoisted at one time. When one cage 
is at the bottom of the shaft the other is at the top and the 
weight to be supported in one case is therefore double what 
it ig in the other. As one car ascends, the load due to its rope 
becomes less and less, while the rope supporting the other 
cage is unwound and the weight due to its rope increases. 
To keep the cages in perfect balance, so far as the weight of 
the rope is concerned, and maintain a uniform turning mo- 
ment for the engines, the drum should evidently be made in 
the form of two cones, placed base to base. When a cage was 
at the bottom of its shaft it would be suspended from the 
small end of its cone, while the other cage, at the top of the 
shaft, would hang from its cone at its large diameter. Such 
a design, however, would make necessary a drum of immense 
proportions, both larger in diameter and longer than the 
present one. In the compromise adopted the taper portions 
are carried only half way and each rope in turn winds over 
the whole width of the straight portion. By utilizing the 
straight portion for both ropes a substantial saving is made 
in the length of the drum; and the diameter, of course, is 
less than if the taper were carried out to the full extent of the 
rope’s travel. When each rope is on the straight portion the 
ratio of the weight of its suspended part to the weight of the 
cage and ore is less than when on the tapered portion, and 
the effect of the compromise is thus not a serious matter. 


LOCALIZATION OF INDUSTRIES. 


In the census bulletin upon the localization of industries, 
issued this fall, is an extended discussion of the reasons that 
have led to the concentration of industries of a particular 
kind in certain localities. Numerous tables are given and the 
conclusion is drawn that there are seven principal causes 
for the localization of industries. These are: Nearness to 
materials, nearness to markets, water power, a favorable 
climate, a supply of labor, capital available for investment 
and the momentum of an early start. 

One of the most important of the above is the nearness to 
materials, as shown, for example, by the establishment of the 
paper industry near the spruce and poplar forests, the tan- 
ning industry near the chief tanning materials, the manufac- 
ture of agricultural implements near the hardwood forests 
and iron-producing centers. As the location of the source of 
these materials has changed, so has the location of the in- 
dustries changed. As for instance the transference of the 
manufacturing of agricultural implements to the West. 

Of scarcely less importance is the nearness to markets 
although in general the proportion of the cost in transporting 
finished products on which labor has been expended is not 
as great as in transporting raw materials. Nearly 48 per 
cent. of the manufacturing is done in Massachusetts, Connect- 
icut, Rhode Island, New York, New Jersey, and Pennsyl- 
vania—mainly because when the industries were started the 
greatest population was in the eastern states. As the cen- 
ter of population has moved westward, however, so has the 
center of manufacturing. 

Nearness of materials and markets, however, mean more 
than mere geographical distance; they signify, rather, a gen- 
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eral accessibility of the markets as effected by the means of 
transportation. Thus, the development of railroads, or good 
water power such as canals or rivers, have enabled indus- 
tries to receive and ship materials cheaply for considerable 
distances. In the early history of the country, and to a 
certain extent to-day, industries tend to group near water 
power and this early tendency has caused them to continue 
in their original locations, even when otherwise disadvanta- 
geous. This is true of the cotton industry, in which power 
has been used for more than 100 years. At the beginning 
of the century water power was extensive, and the cotton 
factories were located along the rivers of New England, and 
the water supplied 31 per cent. of the power used by them. 
The desirability of locating near the raw materials, however, 
and the supposed desirability of cheap labor, have caused a 
recent movement in this field in favor of southern cities, 
where new cotton mills are being established. 

It will be found that in most cases industries have been 
established in certain localities either through the habit of 
industrial imitation or else by chance. It is natural that 
when a workman has become familiar with a certain in- 
dustry and is ambitious to go into business for himself he 
should follow the enterprise in which he has been trained. 
It is also natural that he should establish his plant where 
there are already workmen skilled in that particular branch; 
where he has acquaintance with moneyed men who would be 
likely to furnish backing; and where there has been a prac- 
tical demonstration that his line of business can be made 
successful by proper management. Thus it is that an in- 
dustry having been started in a particular locality becomes 
a nucleus about which other industries gather. This is well 
illustrated in the shoe industry which was established in 
Lynn, Mass., largely through chance. In the early days 
there was a settlement of cobblers at Lynn who repaired shoes 
for that region. In 1750 a skilled Welsh shoemaker came to 
this country and naturally located there, where he began to 
teach the art of fine shoemaking and this was the beginning 
of shoe manufacture, the fame of the place spreading gradu- 
ally from year to year on this account. Machinery was not 
used in this industry, however, until the middle of the last 
century, when steam power was comparatively cheap; and 
so it is that less than 5 per cent. of our shoes are made by 
water power. It is interesting to note in this connection that 
of the industries most localized at the present time are those 
which require the least use of machinery. The introduction 
of machinery has tended to lessen the importance of any 
particular class of labor and has made more important the 
nearness of buying and selling markets. 

Although not mentioned in the report, the shifting of the 
center of machine tool manufacturing from the east to the 
west is typical of the changes that have quite generally taken 
Formerly iron and steel came mainly trom New 
Jersey and Pennsylvania, or from abroad. The selling mar- 
ket was in the east and the machine tool centers were at 
Fitchburg, Worcester, Newark, Philadelphia and other eastern 
cities. The large proportion of labor cost and the small pro- 
portion of material cost entering into such tools have made 
it possible for these centers to hold their own, and even to 
increase their output. But with the shifting of the population 
westward and the development of the iron and steel industries 
of the west has also come the shifting of the center of ma- 
chine tool manufacturing to the west through the development 
of industries in Cincinnati, Cleveland and other western 
cities. 

Seek 

A writer quoted in the American Shipbuilder says that the 
fuel consumption of two steamships, one of, say, 8,000 tons 
displacement and the other of 26,000 tons, will be in the pro- 
portion of about 7 or 8 pounds per 100ton mile for the 
former as against 5 pounds per 100ton mile for the latter 
vessel. This comparison, of course, assumes that the engines 
are of equal efficiency. When it is considered that the chief 
item of expense in the operation of ocean vessels is the 
cost of the fuel, it will at once be understood why these 
vessels are more advantageous than the smaller ones pro- 
vided the volume of freight is sufficient to give the large 
ones full lading. The personnel of the large ship is not 
much greater in number than that of the small one. 
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STEEL AND ITS TREATMENT.—5. 


EXAMPLES OF HARDENING AND TEMPERING. 
BEB. R. MARKHAM. 


Tool steel is hardened by heating red hot and plunging in 
some cooling bath; and as previously explained the nature of 
the bath depends on the character of the work to be hardened. 
It is necessary that steel used for cutting tools should be 
hard enough to do the work expected of them, and strong 
enough to stand up when subjected to the heaviest cuts and 
feeds they are to take. Now, tool steel suitable for cutting 
and similar tools, should be of a kind specially adapted for 
this class of work, and should harden at a low red heat. 

When hardening, the amount of heat necessary for steel 
varies with steels of different makes, and with steels of vari- 
ous percentages of carbon. To accomplish certain results the 
steel maker puts other hardening elements into steel with 
carbon; these steels generally harden at a lower temperature 
than ordinary carbon steel. The lowest heat at which a 
piece of steel will harden in a satisfactory manner is called 
the refining heat, because when the piece is broken the grain 
shows it to have been refined. Steel hardened at this heat 
is very hard and strong and the grain is the finest possible. 

Heating a piece of steel red hot and cooling quickly not 
only makes it hard but also makes it brittle; and the higher 
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Figs. 1 and 2. 


the heat when the piece was hardened the more brittle the 
steel will be. If steel is heated higher than at refining heat 
it is much more brittle. To reduce the amount of brittleness, 
the piece must be reheated, and this process of re-heating 
is termed tempering. The process of heating to temper is 
necessarily a softening one. Ordinarily it is desirable to leave 
cutting tools as hard as possible, but in this condition they 
are too brittle to stand up. It is evident that there is 
nothing gained in heating steel above the refining heat, and 
then drawing the temper to a degree that makes it much 
softer than when it came from the bath after quenching at the 
proper heat. Thus, it will be seen that the ability of a tool 
to stand up to the work depends greatly on the heat it receives 
when hardening. 

To obtain good results steel must be uniformly heated. If 
one part of a piece is heated hotter than some other part 
violent strains are set up in the piece, and it is very liable to 
crack. Uneven heating is probably the cause of a large per- 
centage of the steel cracked in hardening. Heats that are 
too high cause unnecessary brittleness and open grain. 

The methods of heating steel and the baths used in quench- 
ing have been considered in former articles; we will now take 
up the methods ordinarily used in drawing the temper, be- 
fore proceeding to the hardening and tempering of tools. 

The more common way, when the article is taken from the 
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hardening bath, is to brighten one or more of its surfaces 
with a buff stick. This is made by covering a stick with 
glue and then adding emery until the surfaces are covered; 
or a piece of emery cloth may be glued or tacked to the 
stick, or held on a file. When the steel is exposed to the 
action of heat various colors appear on the brightened sur- 
face. The colors furnish an unvarying guide as to the 
amount of heat absorbed by the steel. They do not necessarily, 
show how hard the piece of steel may be; because a piece of 
soft tool steel, or even a piece of iron will show the same 
colors if brightened and exposed to the same amount of 
heat. But they do denote the amount of heat a hardened 
piece has received, and as a certain amount of heat is neces- 
sary to produce a desired result (provided the pieces are of 
an equal hardness to start with) it shows that the amount 
we reduce the brittleness may be very readily gaged by the 
temper colors. However, a piece of steel hardened at an 
extremely low red would not be in the same condition as a 
piece cut from the same bar and heated to a yellow, even if 
both pieces were reheated to the same temper color. Here, 
again, we see the necessity of hardening at the lowest possible 
heat, and as nearly as possible at the same heat. 

The tempering heat may be applied by holding the article 
over the fire of an ordinary forge, turning it in order to insure 
uniform heating. Or if the shape of the piece makes it pos- 
sible, it may be drawn by placing on a hot plate, moving 
it around and turning it occasionally to heat evenly. Or it 
may be placed in a pan of hot sand, keeping the sand and arti- 
cles in motion by shaking the pan. But if the article has teeth 
or projections which would be injured by striking the other 
pieces, the pieces may be moved in the sand with a stick, 
care being taken not to strike them together. 

A good method consists in placing them in the revolving 
pans of a furnace such as shown in Fig. 1. This furnace is 
provided with a thermometer for gaging the degree of heat in 
the furnace. The degree of heat registered in this way by 
the thermometer does not necessarily determine the amount 
of heat the steel has received; but if one observes the amount 
registered it serves as a guide, and when it is ascertained 
what results are obtained with a certain heat these results 
may be had at any time by heating the furnace so the ther- 
mometer registers the required amount. The temperature 


. being no higher than necessary the heavy portions of a 


piece may be given the required temper without drawing the 
lighter portions too much. 

A method of drawing the temper giving universal satisfac- 
tion consists in placing the articles in a kettle of oil, heated 
to the proper temperature, the heat being gaged by a ther- 
mometer, which in this case is partly immersed in the oil, 
the bulb being at the same height as the work being heated. 
Furnaces burning illuminating gas, of the pattern illustrated 
in Fig. 2, give excellent results. But one-may be made on 
the premises at a low cost, that will burn hard coal as fuel. 
This method furnishes a very cheap means of drawing work 
done in large quantities, and of doing it very uniformly, 
as many thousand small pieces may be tempered in a day 
at a temperature varying not more than one or two degrees. 

When very large pieces of steel are to be hardened, some 
means of heating should be provided for heating the article 
uniformly, for if the edges and corners are hotter than the 
balance of the block it is very liable to crack when quenched 
in the bath, owing to unequal contraction of the piece when 
cooling. When steel is heated red hot and plunged in a 
liquid, vapors are formed which have a tendency to keep the 
contents of the bath away from the work, thus preventing 
cooling. In order that the liquid may act quickly enough 
some means must be devised of getting rid of the steam or 
vapor. When small pieces are being hardened this may be 
accomplished by moving them up or down, or around in the 
bath; but, of course, with a heavy piece this would be im- 
possible, so the water or other liquid must be forced against 
the piece with sufficient force to drive the vapors away and 
give the liquid a chance to absorb the heat in the steel. 

For the hardening of large dies such as those used in drop 
forge work, a bath may be used having a jet coming up from 
the bottom, which should strike the face of the die with con- 
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‘Siderable force. When the die has cooled to the temperature 
of the bath it is taken out and subjected to heat to remove 
the tendency to crack from strain. On account of the im- 
mense amount of liquid needed for use when hardening work 
of this description, it is generally necessary to use clear water 
in the bath. For hardening dies used for punching blanks 
in punch presses, it is advisable to fill all screw, dowel-pin, 
and stop-pin holes with fire clay mixed with water to the 
‘consistency of dough. This prevents the contents of the 
bath acting at these points and causing cracks, especially in 
the holes having threads. 

It is extremely important that a die of this kind be heated 
wery uniformly, and no hotter than is necessary. Dies of 
this description harden at a lower heat than articles having 
no openings, even when made from the same bar of steel. 
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Fig 4 
Figs. 3 and 4. Punch Improperly Hardened. 


It is well to dip the die in a bath which has been warmed 
somewhat, the temperature depending on the shape of the 
die and the percentage of carbon in the steel. If the die 
is of a shape that makes it liable to crack when hardened 
it should not be left in the bath of water until cold, but 
should be removed when it is hardened on the surface and 
immediately plunged in a tank of oil and left there till it has 
‘cooled to the temperature of the bath. Then it may be 
heated to remove the tendency to crack from internal strains. 

There are various methods used when drawing the temper 
of dies and similar pieces. The one most commonly used 
consists in placing the die on a piece of flat iron or steel 
heated to a degree. Many hardeners heat the plate red hot 
and place the hardened die on this. It is, of course, neces- 
Sary to brighten the face of the die previous to drawing the 
temper in order that the temper colors may be visible. It 
is also necessary to move the die on the plate and to turn it 
over occasionally to insure uniform heating, although most 
of the heat should be applied to the bottom of the die. 
The amount necessary to draw a die of this kind depends on 
the steel used in its construction, the shape of the die, the 
amount of heat given when hardening, and the nature of 
the work to be done by the die. If made of low carbon steel 
it must not be drawn as much as if high-carbon stock were 
used; if it were heated above a refining heat it would be 
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Fig. 5. Block of Iron used to Hold Punches when Hardening. 


more brittle than if properly heated, and consequently would 
require drawing lower, which would impair its usefulness. 
If the shape is such that portions of it are weak it must be 
drawn lower than if it were strong. If it is to receive very 
rough usage it must be drawn more than if not to be sub- 
jected to any great amount of strain. 

No given color or degree of temperature can be arbitrarily 
‘given aS an indication of the proper amount a die should be 
drawn, as there are so many things to be considered. Some- 
times all that is required is to heat them enough to remove 
the tendency to crack from internal strains, while at other 
times it may be necessary to draw until the surface is a deep 
brown with purple spots showing. For ordinary work, how- 
ever, if hardened at the proper heat a full straw to a brown 
‘color will be found sufficient range. The punch to be used 
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with the die should be drawn somewhat lower than the die. 
When hardening a punch it is necessary to take into consid- 
eration its shape and the nature of the work it is to de. 
If the punch is long and slender as shown in Fig. 3 it is, 
generally speaking, necessary to harden the entire length of 
the slender part, to make it as stiff as possible and do away 
with any tendency to spring. Then again if the punch was: 
to be used in punching very hard stock—that is, heavy as 
compared to the diameter of the punch—it would be neces- 
sary to harden as described, to overcome any tendency of the 
stock to compress or “buckle.” If a punch of the design shown 
in Fig. 3 were hardened to the point represented by the 
dotted line, and the balance left soft, it would, if used on 
stock as large in diameter as the punch, assume the shape 
shown in Fig. 4; whereas if it were hardened for a distance 
that made it possible for it to resist the immense pressure, 
it would remain straight. 

When drawing the temper of punches having shanks as 
shown in sketch, it is customary in some shops to drill holes 
in a heavy piece of iron as indicated in Fig. 5, and to place 
the shanks of the punches in these holes having previously 
heated the block red hot. The heat starting from the shank 
end travels toward the cutting end. This answers very 
nicely if the punches are to be used on light or very soft 
material; but if the stock is heavy or hard, the punch must 
be about the same degree of hardness the entire length 
of the portion that must resist pressure. When drawing 
the temper it may be held in the flame of a gas jet, spirit 
lamp, Bunsen burner or anywhere that it will be subjected 
to a sufficient amount of heat to accomplish the purpose. 
However if there are many punches to be tempered this is 
costly as well as unsatisfactory, and the furnace shown in 
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Fig. 1 will furnish a means of doing this work with very good 
results at a reasonable cost per piece. Probably the most 
satisfactory method consists in heating in a kettle of oil, 
gaging the heat by a thermometer as referred to under 
description of oil tempering furnaces, illustrated in cut Fig. 
2. The amount of heat necessary to give the pieces when 
tempering depends on the conditions previously mentioned. 
It should be borne in mind that slender punches intended 
for piercing stock as thick as the diameter of the punch 
are necessarily subjected to immense strain, consequently 
the steel should be the strongest possible, and this can only 
be accomplished by careful heating when hardening. If the 
punch is heated above the refining heat it is more brittle than 
if properly heated. 

Articles that need to be toughened in order to resist strain 
should, if possible, be heated slowly when drawing the tem- 
per; it is advisable to let them cool off slowly also, that is 
they should not be quenched unless they show a disposition 
to become too soft, in which case they should be quenched 
in oil rather than water. 

As previously explained, articles of irregular contour, or of 
a form that causes trouble when the piece is hardened, 
should, if possible, be annealed after blocking out to shape. 
Milling machine cutters, especially those of irregular shape, 
occasion a great deal of trouble in some shops. The teeth 
projecting from the main body of the stock are much more 
sensitive to the action of heat than the balance of the 
piece; consequently they are liable to become hotter than 
is necessary to obtain good results. If the teeth are hotter 
than the body of the cutter, then they are expanded more 
than the other portion, and when cooled in the bath they 
contract differently, and, as previously stated, unequal con- 
traction is the cause of a large percentage of cracks in hard- 
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ened steel. If the whole cutter is heated hotter than is neces- 
sary, but is heated uniformly, it may not crack, but it will not 
be as strong as it might be. 

It is advisable to heat such tools to the lowest uniform heat 
possible. When properly heated place on a wire bent at one 
end in the form of a T as shown in 
Fig. 6; they should be plunged into 
a bath of luke-warm water or brine 
and left there until it ceases “sing- 
ing,’ when they may be removed 
and instantly plunged into a tank of 
oil and left until cooled to the tem- 
perature of the bath. When bright- 
ening the teeth in order to readily 
observe the temper colors, it is ad- 
visable to brighten the backs rather 
than the faces, as in this way there is no danger of injuring 
the cutting edges. 

It is the general custom in most shops to draw the temper 
of milling machine cutters by placing them on a plug some- 
what smaller than the hole in the cutter, the plug having 
previously been heated red hot. The cutter should be con- 
stantly turned. When the proper temper color shows, the 
cutter may be removed from the plug and immersed in oil, 
to prevent its becoming too soft from the heat in the cutter 
near the hole which was exposed to the red hot iron. The 
necessary temper at which to draw the cutter depends on the 
nature of the stock to be milled; however, in most shops 
they are drawn to a temperature that varies from 430 degrees 
to 460 degrees, which is equivalent to from a faint straw to 
a full straw color. 

When hardening formed mills, Fig. 7, it is not generally 
necessary to draw the temper, provided the cutter has been 
hardened at the refining heat. The tooth being heavy is 
strong enough to resist the strain incident to cutting the 
stock. Long articles such as reamers, etc., require extra 
care when heating for hardening. Their diameter not being 
in proportion to their length makes them especially liable 
to spring from unequal heating. They are also very liable 
to spring when dipped in the bath, unless held in as nearly 
a vertical position as possible. As stated in a tormer article, 
stock for tools of this description should never be straight- 
ened when cold as it is almost sure to spring when hardened. 
And the stock should be thoroughly annealed, after the out- 
side surface has been removed. The bath for hardening 
tools of this description should be heated somewhat; cold 
baths are very liable to cause springing and cracking. If 
the articles are so long that uniform results seem impossible 
to obtain when drawing by the ordinary methods, place them 
in a pan of oil, heating the oil and gaging the heat by a 
thermometer as described. 

Taps, on account of the weakness of the teeth (threads) 
which project from the body of the tool, should be heated 
in a manner that makes them as strong as possible. The 
teeth must not be overheated, because if overheated they be- 
come extremely brittle and break off when in use. After 
hardening, the flutes should be ground with an emery wheel 
of the proper shape. This grinding has the effect of giving 
the cutting portions a sharp edge; it will also break the 
burrs which form between the teeth from the action of the 
milling cutter used in cutting the flutes. It also brightens 
the stock sufficiently to enable one to readily observe the 
temper colors. If only a few taps are to be tempered they 
may be heated in a flame, applying the heat to the shank 
end. If there are many to draw it is best to use a kettle 
of oil. Taps are drawn to “eep straw color for most work. 

Hollow mills or similar tools having holes running part 
way through them, should be dipped in the bath with the 
cutting teeth uppermost, that the contents of the bath may 
readily enter the hole. Then again it is best to harden the 
frailest part of such a tool vast, when possible, for if the 
weakest part is hardened first it would be rigid by the time 
the heavier portions were hardened, and the heavier and 
stronger parts would draw the lighter portions somewhat and 
these being hard and unyielding would crack. 

When tempering these articles heat should be applied at 
the shank end, allowing it to run toward the cutting edges. 
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Fig. 7. Formed Milling Cutter. 
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If the tool is to cut hard metals a faint straw color will 
be satisfactory; if softer metals are to be machined it is best 
to draw to a full straw as they can be forced harder. 

Thin saws for cutting metals are hardened by carefully 
heating and placing between plates whose surfaces 
are smeared with oil. A flat surface should be provided 
upon which to lay them when in the fire, which may be ac- 
complished by using a flat plate, either of cast-iron or ma- 
chine steel, one surface of which has been machined flat. 
This precaution is taken to prevent the piece springing when 
heating. When it has reached a uniform red heat, which 
should be as low as possible, the saw may be taken from 
the fire and laid on the plate mentioned, putting the upper 
plate on the saw as soon as possible. To place the upper 
plate in position before the saw has become cooled enough 
to crook, it should be handled by a second operator. But 
where very many saws are hardened at a time by this method 
it is possible to make a fixture consisting of two plates. The 
lower one is located in a pan of oil and the upper one has 
a rope attached to it which runs over a pulley fixed over- 
head. It should then return and be attached to a treadle 
under the bench. By this means the upper plate can be 
raised sufficiently to allow the heated saw to be laid on the 
lower plate, and then the upper one may be lowered onto it. 
For a fixture of this description two rods, like those shown 
in Fig. 8 are needed. The lower ends of the rods are station- 
ary with the lower plate. Holes somewhat larger are drilled 
in the upper one so that the plate may readily be moved 
up and down. 

While it is possible to brighten such articles and draw the 
temper by observing the colors, if there is a quantity of them 
it is costly and unsatisfactory. For a large number place in 
a kettle of oil, drawing the temper to a degree that will 
adapt the saw to the work it is to do. If it is a metal-slitting 
saw for cutting tool steel and is to be used in a power mill- 
ing machine, it may be drawn to 460 degrees; if to be used 
for general jobbing it should be drawn somewhat lower, say 
from 480 degrees to 500 degrees. Screw-slotting saws, if 1-16- 
inch thick or under, show good results when drawn to 525 de- 
grees; if thicker than 1-16-inch they may be left. 

When drawing the temper of these articles place them in 
the oil before it is very hot, as the sudden expansion of a 
hardened piece of the diameter of a saw used for ordinary 
machine shop work would cause it to crack. For this reason 
it is well to put them into comparatively cool oil, heating 
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Fig. 8. Fixture Convenient for use when Hardening Saws. 


it to the desired degree, when the kettle may be removed and 
placed where the work and oil may cool off gradually. 

For the instruction of any not familiar with the various 
degrees of heat necessary to produce given results when draw- 
ing the temper by heating in oil, the following table is given: 


Degrees. Degrees 
HainitestrawaeGOLOl. starcls tenets cGy) ADEA foithyalle, o So oonondG oc 550 
Sia Wa GOLOM semitone sterenerenals UXO) Abe vivey Velhblels gacm moos condo 610 
BLOW TEVCLIO Witt ters ioiois oils COM CHa ream LVL Ciatsncmeney cuss evel te iy oneke 570 
Wighite purple me rec mse cic 530 Blue tinged with green. .630 
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WHAT OF THE LARGE GAS ENGINE ? 


It is the purpose of Macuinery to record from month to 
month the important steps in the mechanical progress of the 
times. The most significant event of the past month is the 
starting of the first of the large gas engines now being in- 
stalled at the works of the Lackawanna Steel Co., Buffalo, 
as told in the first article of this number—an installation of 
exceptional interest in points of novelty, size and in the fact 
that the engines are to be operated by blast furnace gas. 

A conservative estimate of the amount of energy available 
in blast furnace gas places the number of cubic feet of gas 
generated, per ton of pig iron produced, at 159,000. Of this, 
about 50 per cent. must be consumed in heating the blast, and 
by leakage. If we assume roughly, that 75,000 cubic feet are 
available for the blowing engines or other power purposes, 
at the rate of 100 cubic feet per horse-power hour, 750 horse 
power could be obtained per ton of pig iron. Figures given 
by W. H. Booth, the English engineer, make even a better 
showing. He estimates that 96,000 cubic feet of gas can be 
utilized per ton of pig, and that the engines will run on 91 
cubic feet of gas per horse-power hour, giving an available 
horse power of over 1,000 per ton of iron. Ut is evident that 
the resources of a plant having several 400-ton blast furnaces 
would be very great. 

The analysis of blast furnace gas shows it to be composed 
of the same constituents as producer gas, though in different 
proportions, the former being richer in carbonic oxide, the 
heat-giving element. The calorific power of blast furnace 
gas is only about one-tenth that of natural gas. This is part- 
ly because the former has a large percentage of nitrogen, 
the effect of which is negative, so far as combustion is con- 
cerned; and partly because natural gas is largely composed 
of Marsh gas, which has a calorific capacity of 23,000 B. T. U., 
as against 4,000 units per pound for the smaller amount 
of carbonic oxide in the blast furnace gas. The composition 
of blast furnace gas, however, is not entirely against it when 
compared with the richer gases, because it is less inflammable, 
permitting a higher degree of compression in the gas engine 
cylinder without danger of premature ignition. A larger 
charge of blast furnace gas can be safely used at each stroke 
than with natural gas, so that, in spite of the low calorific 


January, 1903. 


power of the former, the size of engine cylinder neces- 
sary to get the requisite power from the poorer gas need not 
be as great as would appear. 

Statistics, recently quoted by Prof. J. J. Flatner, indicate 
to how great an extent Europe is ahead of us in large gas 
engine construction. A list of engines in use or building in. 
the whole of Europe, neglecting those under 200 horse power, 
shows a total of 327 engines capable of supplying 182,000 
horse power, an average of 560 horse power. In the United 
States in 1899 the total horse power constructed aggregated 
165,000, but only nine horse power per engine. There is, 
however, a constant tendency toward larger work. Gas en- 
gines of 1,000 or more horse power each have already been 
made in this country by the Snow Steam Pump Works, But- 
falo, and the De La Vergne Refrigerating Machine Co., New 
York, and engines of this power are in course of construction 
by the Westinghouse Machine Co., Pittsburg, and Struthers, 
Wells & Co., Warren, Pa. Other builders are also producing 
engines of several hundred horse power. 

What are the prospects, then, for the more extended use of 
large-size engines? Blast furnace gas and natural gas are 
limited commodities, of course, and the large gas engine must 
be used with producer gas in most sections of the country. 
But the economy of the large gas engine with producer gas 
is not particularly better than the economy of the steam en- 
gine of corresponding power, at the present state of the art, 
reckoning in each case from the coal consumed. The original 
cost of the two plants—including the producer in one case and 
the boiler in the other—is nearly identical; and while each 
may develop a horse power on less than two pounds of coal 
per horse-power hour, we think neither is likely to go much 
below this figure in ordinary running. Under variable loads 
we believe the steam engine to be the more economical. In 
the case of small powers the gas engine, of course, easily 
leads, since the full economy of steam is not realized with 


small engines. 
* * * 


NOTES AND COMMENT. 


“It is somewhat amoosin’”’ to note the attention that has 
been given by various publications, technical and otherwise, 
to John Jacob Astor’s recent gift to the public of his steam 
turbine patents. While we do not wish to cast doubts on 
John Jacob’s generosity, we somehow cannot help thinking 
that the dear public will never reap any great return from his 
munificence in this particular instance. The design of this 
turbine appears to one who has given the matter considerable 
consideration to be highly impracticable to say the least. 


The day of small things seems to be fast fading away— 
at least in the minds of stock jobbers. 
needle was invented that can be threaded by drawing a loop 
of the thread along one side, opposite the eye, a narrow slot 
through the side being provided which makes threading 
in the ordinary manner unnecessary. Needles can be 
threaded with your eyes shut. It now appears that this 
simple scheme is worth an untold fortune and stock is being 
offered to the confiding public at $10 per share as a RARE 
investment. From the profits on needles sold in four months, 
it is calculated that a yearly profit of 60 per cent. will be 
netted on $1,000,000 capital. Investments can be made with 
your eyes shut, too. 


Of course all boiler explosions are not preventable by the 
exercise of practicable methods of inspection and care, but, 
in the light of many subsequent investigations, it is quite safe 
to affirm that the great majority of them are. A city water 
supply pumping station boiler recently exploded with great vio- 
lence in Queens Borough, Greater New York, that in all prob- 
ability did so because of lax methods of inspection. The 
water used in the boilers was well-known to be of a corrosive 
nature, yet so lax were the inspection methods that the steel 
plates of the boiler, originally °¢-inch thick, were allowed to 
be eaten away at the water line until they were less than 1-16 
inch thick in places. Two men having large families were in- 
stantly killed. 


Some years ago 2 
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Motive power for the machines in a wood-working estab- 
lishment in Brooklyn is furnished by fourteen induction 
motors varying in capacity from 5 to 20 horse power. The 
majority of these motors are mounted overhead upon wooden 
sleepers bolted to the beams of the floor above. They re- 
quire no care further than an occasional replenishing of the 
oil wells. Many of the motors operate in an atmosphere 
heavily laden with wood dust from the wood-working ma- 
chinery and are completely covered with this oil-soaked dust 
but show no injury therefrom. The motors are belted to 
short line shafts which in turn drive various types of belted 
machinery, including turning and mounting lathes, circular 
and band saws, buffers, blowers, drill and machine-shop 
tools. ‘The motors are started at a reduced voltage by 
means of starting coils and when near synchronous speed 
are thrown directly upon the 220 volt system. The power 
equipment has been in operation for over one year and has 
been thoroughly satisfactory in every respect. 


LION TAMING. 


Mr. George M. McCarthy, president of the Hudson County, 
N. J., Society for the Prevention of Cruelty to Animals, be- 
lieves that lions come within his jurisdiction. Recently one 
of these animals has been taking part in a play called “The 
Lion’s Bride’ at a Jersey City theater. It was his duty to 
roar whenever the bride appeared because a Turkish Sultan, 
whose bride she would not be, had sentenced her to be eaten 
by the lion. The roar he emitted at sight of the girl fright- 
ened the audience, but an animal expert who saw the show 
informed President McCarthy that the lion’s roars were 
caused by pain and not by anger or a desire to eat the 
heroine. He also said that he believed the pain was due to 
electricity. President McCarthy visited the theater and found 
that the bottom of the lion’s cage, which was of iron, was 
connected with several electric wires that made the lion roar 
whenever the current was turned on. He notified the man- 
ager that the electricity must be omitted, even if the lion re- 
fused to roar without it. The order will be obeyed.—#lectrical 
World and Engineer. 


[Now that the electrician is knocked out in his effort to 
entertain the public, it remains for some enterprising mechan- 
ical genius to devise a roaring apparatus to accompany the 
lion in his act.—EDpIror. ] 


WHEREIN NEW JERSEY HAS BEEN FOREMOST. 

New Jersey must be credited with influencing the industrial 
development of the country in other and more substantial 
ways than by the incorporation of gigantic combinations, 
by which means it is attracting attention at the present time. 
In the early history of the country, especially, her citizens 
figure prominently as leaders in scattering the seeds of future 
industrial growth. 

The first steam engine in America was erected in 1753 at 
the Belleville copper mines, near Newark, N. J., by Horn- 
blower, 16 years before Watt began his investigations. 

The first steam boats driven by single and twin screw pro- 
pellers were constructed by John Stevens, at Hoboken, in 1802 
and 1804. 

The Pheenix, the first steamboat to navigate the ocean, was 
designed, constructed and operated by Jerseymen—John 
Stevens and his son, Robt. L, Stevens, in 1807 and 1808. 

The first charter for a railroad in America was granted by 
the Legislature of New Jersey in 1814, for a railway from 
Trenton to New Brunswick during the war of 1812. 

The machinery of the Savannah, the first steamship to 
cross the ocean, was constructed at the Vail Works, Speed- 
well, near Morristown, N. J., in 1818. 

The first locomotive in America to convey human beings 
on a railway track was constructed at Hoboken in 1825. 

The first successful experiments with the electro-magnetic 
telegraph based on discoveries of Prof. Henry, of Prince- 
ton, were made by Vail & Morse, Speedwell Works, near Mor- 
ristown, in 1838. 

These facts were gathered by the curator of the National 
Museum, for the New Jersey Historical Society. 

* * * 

The Engineering News mentions a well-equipped boiler shop 
recently built in Alsace, Germany, in which the floor is made 
of clay mixed with cast iron turnings and borings, the mass 


being well tamped into place. In front of the workbenches 
pine flooring on oak joists, is laid. 
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THE USE OF A SURVEYING INSTRUMENT IN 
MACHINE SHOP PRACTICE.* 


CHARLES C. TYLER. 


Many machine shops now have floor surface plates upon 
which large work is laid out and various machining operations 
are performed by the use of portable machine tools secured 
to the plate. The quality of the work produced is largely 
determined by the accuracy of the laying out, the correctness 
of the portable tools, and the trueness of the surface plate. 

For work haying moderate dimensions, scales, squares, beam- 
compasses, and straight-edges can be purchased in the market 
sufficiently accurate, if used by careful workmen, to meet the 
average requirements in laying out the work and setting the 
portable tools; but for work having large dimensions the 
seales, squares, beam-compasses, and straight-edges, become 
quite special, are expensive, and require the utmost care in 
their manipulation to insure correct work. Ten-foot steel 
squares and beam-compasses spanning twenty five feet are not 
easy tools to make or handle, and the fear that errors might 
be made in some large work to be undertaken at Hast Pitts- 
burg, led the writer to the consideration of doing away with 
these abnormal tools and substituting others more easy to 
manipulate and of a kind to insure accurate results. 


Fig. 1. Surveyor’s Transit Designed by the Warner & Swasey Co. for 
Machine Shop Use. 

To carry out the method adopted a dividing and leveling 
instrument was required, similar in principle to a surveyor’s 
transit, but of special design, adapted to the needs of the 
machine shop in points of accuracy and convenience. The in- 
strument in use was designed by the Warner and Swasey Co., 
Cleveland, O., and has a knurled base to be screwerl to the cap 
of a tripod, or in this particular case to a supplementary base 
with a taper hole by which it can be readily centred on a suit- 
ably designed cast iron column which rests upon the floor 
plate. The knurled base of the instrument has four leveling 
screws by which, with the usual ball and socket joint and 
the use of accurate levels it can be adjusted and clamped in a 
level position. In the center of the instrument are two verti- 
cal spindles, one inside the other. The outer spindle carries 
a horizontal, graduated circle and the inner one a yoke sup- 
porting the telescope. The circle is provided with clamps and 
slow motions by which its O division can be brought to any po- 
sition in azimuth and there clamped independently cf the 
telescope. The graduations of the circle can be read to 1/10 
degrees by two opposite microscopes. 

The telescope has an objective one and one-half inches in 
diameter and is provided with the usual cross-hairs and focus- 
ing adjustment. The telescope rests in a cradle which can be 
revolved about its longitudinal or long axis and has trunnions 
supported by bearings in the yoke before mentioned, One 


* Abstract from paper read before the December, 1902, meeting of the 
A.S.M. E., New York’ 
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of the trunnions carries a slow-motion arm which can be 
clamped at any position for accurate altitude setting. The 
yoke is provided with clamps and slow motions so that the 
telescope can be moved to any azimuth position relatively 
to the graduated circle and independently of it. 

To illustrate the use of the instrument, let us assume that 
we have a floor plate, suitable portable vertical slotters or 
planers, and portable horizontal drilling and milling ma- 
chines, and that we are to construct a cast-iron ring of over 
twenty feet outside diameter, properly proportioned. This 
ring is to be made of six similar sections suitably cored and 
ribbed, and the operations to be performed are the accurate 
planing of the joints, cutting the keyways, and drilling the 
holes for the clamping bolts. 


Le 


FLOOR LINE 
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CENTERING GAGE 


CENTER OF BORE 
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Fig. 2. Locating the Transit on the Floor Plate relative to the Large Casting. 

Mount one section upon planed cast-iron blocks about two 
feet thick and fasten securely to the floor plate, being careful 
to equalize any warped surfaces found in the casting. The 
center column is to be moved about upon the floor plate until 
its exact position in relation to the section has been deter- 
mined by the use of the centering gage, and the column is then 
to be securely fastened to the floor plate, where it should re- 
main until all the operations upon the section have been com- 
pleted. (See Fig. 2.) 

Mount the dividing instrument upon the center column, and 
with the telescope determine the correct position for the zero 
division of the divided circle of the instrument, to insure equal- 
izing the cut at each joint surface, and clamp the circle in 
this position. The next move is to secure a straight-edge or 
parallel to the floor plate in such a position that its front 
edge is in exact alignment with what is to be one finished 
joint surface. The location of the straight-edge is determined 
by the dividing instrument and by the use of a special target 
which rests upon the top of the straight-edge and has a zero 
line exactly in alignment with a shoulder which touches the 
front of the straight-edge. (See Fig. 3.) Another straight- 
edge is then to be secured to the floor plate under the other 
joint of the section, and its front edge must be set at exactly 
sixty degrees from the first straight-edge; its position being 
determined by the dividing instrument and the special target 
used in the previous case. 
both straight-edges being demonstrated by proof surveys, we 
are ready for planing the joint surfaces. 
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Planing the Joint Surfaces. 

For the joint planing operation let us use a portable vertical 
slotter or planer having the front edge of its base exactly 
parallel with the horizontal travel of the tool slide. Secure 
the portable slotter upon the floor plate with the front edge of 
its base exactly parallel to the front edge of the straight-edge; 
the accuracy of the setting being easily determined by a pin 
gage, and the fine adjustment being obtained by screw jacks 
bearing against the base and stop lugs inserted in the floor 
plate. While the roughing cuts are being made upon one joint 
surface, set a second portable slotter by the other straight- 
edge in the same manner and proceed with the roughing cuts 
at this end. In order that the workman may not cut beyond 
what should be the finished joint surface when roughing, it is 
advisable to scratch a finish line on the rim section at each 
joint, but the setting of the tool for its finishing cut is more 
easily and accurately made by the use of the telescope of the 
dividing instrument than by any other plan yet tried. 

Before setting the tool for the final finishing cut it may he 
thought advisable to prove the surface of the last cut—a much 
simpler matter than at first appears. Let us suppose the last 
cut has left two-hundredths inch stock to be removed and that 
we have a target with a center line adjustable in a line 
parallel with one edge. By resting the edge of the target 
against the surface and adjusting its center line until it exactly 
cuts the center of the cross lines of the telescope when set 
at the correct angle, we can survey the joint surface and prove 
that it is or is not parallel with what is to be the finished 
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Fig. 3. Adjusting a Straight Edge on the Floor Plate by Aid of the Transit in 
order to Determine the True Plane for the Finished Surface of the Casting. 


joint surface. If the surface be found correct, the finishing 
cut can be made at once; if there be an error, proper adjust- 
ment of the portable slotter must be made and the joint sur- 
face again surveyed after taking a light cut. The accuracy 
of the finished joint surface can easily be determined by the 
dividing instrument with suitable targets. 


Cutting the Keyway and Drilling the Holes. 

If the keyway is to be cut parallel with the face of the rim 
section, the operation can be performed by a portable hori- 
zontal milling machine or a portable slotter having a hori- 
zontal movement to the tool slide—the correct setting of either 
machine to be governed by the straight-edge attached to the 
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floor plate, and the exact vertical location of the keyway de- 
termined by a surface gage. 

If the keyway is to be cut parallel with the axis of the rim 
section, the portable slotter can be used advantageously and 
the exact distance of the keyway from the center of the ring 
determined by a pin gage calibrating from the tool to a pin 
inserted in the taper hole of the center column. 

The axes of the bolt holes should be perpendicular to the 
joint surface, and they can easily be made so if the front edge 
of the portable horizontal drilling machine be perpendicular 
to the travel of the spindle and the base of the machine set 
parallel to the straight-edges attached to the floor plate. The 
exact position of each hole is better determined by a jig 
located by the keyway and a scratched center line; but if the 
jig is thought too expensive, the holes can be quite easily laid 
out in the usual way. 


1 
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Fig. 4. Showing the Dimensions of a Large Field Frame to be Machined. 


For each of the other five sections the same process should 
be gone through, and it will be found much easier to adjust 
the center column and straight-edges than to attempt to 
locate each section. 


Testing Portable Machine Tools. 

By the aid of the dividing and levelling instrument it is 
easy to test the accuracy of portable machine tools. In the 
case of a portable vertical slotter the vertical travel of the 
tool slide can be determined by setting the instrument so 
that the cross lines of the telescope exactly cut a line drawn 
upon the tool block when at its lowest position. Hlevate the 
tool slide to its highest point, tip the instrument, and note 
the position of the line on the tool block in relation to the 
cross line of the telescope. If the tool travel is in a line per- 
pendicular to the base, and the instrument has been properly 
levelled, there will be no variation in the reading. If the 
tool travel is not perpendicular, the instrument indicates 
the error, and correction can be made in the portable tool 
itself or shims can be used under the base to correct the error. 
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To test the parallelism of the transverse travel of the tool 
slide with the front edge of the base of the machine, set the 
front edge of the base parallel with a straight-edge secured 
to the floor plate in a surveyed position—one edge of the 
straight-edge being approximately perpendicular to the tool 
slide. Adjust the tool slide until it is exactly perpendicular 
to the straight-edge by the scratched line as determined by the 
telescope. A transverse movement of the tool slide to its 
near and far position will indicate any error; if one be 
found, it is best to correct the machine by planing or 
scraping, aS may be necessary. 

To test the spindle travel of a portable horizontal drilling 
machine, set the instrument to cut the line of a target at- 
tached to the end of the spindle, and survey the spindle in its 
different horizontal positions. The vertical travel of the 
spindle slide can be determined by locking the spindle in 
one position and moving the slide up and down, the same 
as for testing the slotter. Other portable machines can be 
tested by similar means, and the result of the tests can be 
depended upon if the instrument is accurately made and the 
errors in the subdivisions of the circle are known. 


Practical Application of the Method. 

The method described has been practically applied to some 
of the mechanical operations incident to the manufacture 
of the eight 5,000 kilowatt, alternating current, engine type, 
3-phase generators built for the Manhattan Railway Company 
by the Westinghouse Electric and Manufacturing Company. 

The approximate dimensions of some of the principal pieces 
of one of these generators are shown in Fig. 4. The extreme 
height from the bottom of the bed to the top of the yoke is 42 
feet, and the greatest horizontal distance over all is 44 feet. 
The bed plate, 43 feet long, has two parts, securely keyed and 
bolted together, each 21 feet 6 inches long by 10 feet 3 inches 
wide by 2 feet thick. 

The stationary element, or armature, has six principal sec- 
tions—two lower, two middle, and two upper—all securely 
keyed and bolted together; the bore being 34 feet, approxi- 
mately. 

The revolving element, or field, consists of many pieces, 
the principal ones being the cast-steel hub, the two web 
plates of six pieces each, and the four ring sections. The 
diameter of this element is 27 feet 8 inches over rim sections, 
and 32 feet over all. 

The total weight of the stationary and revolving elements 
of this machine (without the shaft) exceeds 1,000,000 pounds, 
or 500 tons. It is evident from these figures, as well as from 
the general design of the parts, that very careful machining 
was necessary and unusual provisions were required to insure 
success. The principal portable tools used were vertical slot- 
ters or planers having a stroke of 8 feet, a small horizontal 
adjustment of the tool slide, a transverse tool travel of 4 feet 
—the column having a horizontal adjustment of 4 feet; hori- 
zontal drilling machines having a vertical adjustment of 
8 feet, the column a horizontal adjustment of 4 feet, with 
spindle travel of 4 feet; vertical slot milling machines, radial 
drills, and small vertical slotters. 

The principal stationary machine tools were a 14-foot 
planer, 8-foot open-side planer, radial drills with 10-foot arm, 
16 to 24-foot and 16 to 36-foot extension vertical boring and 
turning mills, 28-foot vertical boring and turning mill, 122- 
inch engine lathe, a special floor-boring machine carrying 
portable heads, and several smaller machines. 


Bed Plates and Bottom Section. 

The bottom and top of bed plates were planed on the 14- 
foot planer; the joint surface and keyway on the open-side 
planer, and the joint bolt holes were drilled on the floor 
plate with portable horizontal drilling machines. 

The bottom sections were the most difficult to machine, 
and a more detailed description of some of the operations 
on these pieces will make it unnecessary to outline so fully 
the operations on the other sections. 

By referring to Fig. 4, it will be noticed that the lower or 
perpendicular joint is at right angles to, and the upper joint 
has a portion parallel to, the bottom or base—the remainder 
of the upper joint being at a definite angle from the lower 
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joint. The rough casting was mounted on the floor plate, 
resting on cast-iron blocks, the bottom being set approxi- 


mately perpendicular to the plate, as shown in Hices2: 

The proper location of the section involved the making of 
numerous measurements to insure plenty of stock for finish- 
ing—this being particularly necessary for the slot lugs located 
in the bore. The center column was mounted on the floor 
plate and its position determined by the centering gage, as 
shown in Fig. 2, more or less proof testing being necessary 
to insure its exact location, after which it was securely 
clamped to the plate. 

The perpendicularity of the faces of the slot lugs was de- 
termined by scribing lines upon the top surface of the slot 
lugs with the center gage at the proper elevation, and by 
lowering the center gage rest or support similar lines were 
scribed on the bottom surfaces of the slot lugs—scale measure- 
ments being accurate enough to prove this setting, after 
which the bottom section was bolted to the floor plate. The 
dividing instrument was then mounted upon the column, 
properly beveled, and finish lines scribed at each joint sur- 
face. 

Straight-edges were then secured to the floor plate in their 
exact position—one edge of each being set exactly perpendicu- 
lar to the desired finished joint surface, the position of these 
straight-edges being determined by the dividing instrument 
and a suitable target, as shown in Figs. 3 and 5. 


TRANSIT 


OX 
SLOTTING | OX 
| 


y BS “STRAIGHT EDGE 
< , 7st 


TEMPLET 


PLAN VIEW 


Industrial Press, N.¥. 


‘ 


Fig, 5. Another Application of the Transit—Laying Out the Surfaces to be 
Planed by the Portable Shaper. 


After proving the exact position of these straight-edges, 
the portable slotters were set in their correct location, se- 
cured to the plate, and the roughing cuts taken—slotters often 
working upon both joints at the same time. The accuracy 
of the rough planed joint surfaces was proved by the dividing 
instrument and an adjustable target, after which the cutting 
tool was set by the instrument for the final radial finishing 
cut. For that portton of the upper joint of this section 
parallel to the bottom, the slotter was set by the aid of the 
angle templet, shown in Fig. 5—a pin gage proving that 
the tool slide was parallel with the angle templet. 

The joint bolt holes were drilled by portable drills, the 
position of the bolt holes being determined by the use of drill 
jigs located by keys and by a center line. The drill jigs 
were made reversible for drilling holes in the faces of the cor- 
responding joint surfaces of the connection sections. 

After completing the operations upon the joint surfaces, 
the lower sections were finished upon the bottom on a sta- 
tionary planer. The next operation was the drilling of the 
bolt holes and the drilling and tapping of the adjusting screw 
holes in the bottom of the section under radial drills. 

The operations upon the joint surfaces of the middle and 
upper sections were laid out and finished in substantially the 
same manner. 
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Large Boring Machine and Floor Plate. 

The foregoing abstract covers the more important part oft 
Mr. Tyler’s paper and illustrates in a very clear manner 
the method followed in the use of the transit for laying out 
heavy machine work at the Westinghouse shops. Mr. Tyler 
next takes up the assembling of the various parts of the 
armature and field frame, showing how the alignment may 
be tested as the work proceeds. The frame was first erected 
in a vertical position on the floor plate and later re-assembled 
in a horizontal position on a special floor boring machine. 
The machine consists of a horizontal floor plate 48 feet square, 
at the center of which is a rotating table, level with the floor, 
18 feet in diameter, which carries various tool heads, When 
boring large work these heads are carried on arms which 
have sufficient radial adjustment to bore up to 40 fest in 
diameter. When the frame was first assembled in a vertical 
position the inside horizontal and vertical diameters were 
measured; and then when the frame was assembled on the 
boring machine the same diameters were again measured to 
determine the extent of the deflection of the upper sections 
when in an upright position. It was found from the second 
measurements that the former vertical diameter had in- 
creased twelve-hundredths inch and that the horizontal dia- 
meter had not materially changed, showing that the deflection 
was mainly in a vertical direction. By numerous heavy 
braces and wedges the upper sections were sprung inward to- 
ward the center until the diameter corresponded with the 
diameter recorded during the first assembling, and the 
frames were then bored, faced and recessed to the required 
dimensions. | 

After the preliminary design of these large electrical ma- 
chines had been determined upon, it was apparent that the 
buildings, traveling cranes, and machine tool equipment then 
in service at Hast Pittsburg were inadequate for the work. 
A new building was therefore erected, and electric traveling 
cranes were provided, having ample capacity and mounted 
on runways of sufficient height to give the crane-bridge the 
necessary clearance over the top of the generators. 

For the operations to be performed by portable tools, and 
for the erection of the machines, a surface floor plate was 
considered a necessity, and the one provided is 48 feet wide hy 
176 feet long; weight, about 2,000,000 pounds. This floor 
plate consists of 132 cast-iron sections, each 8 feet square, of 
box section heavily ribbed, keyed, and bolted together—provi- 
sion being made for the removal of any broken section, should 
such a mishap occur. The plate, well grouted, rests upon 
transverse brick piers 12 feet deep, built upon a solid bed of 
concrete, about 3 feet 6 inches thick. The brick piers are 4 
feet apart, center to center, tied together at suitable distances 
by brick arches, and the space between the piers is filled 
in to within 5 feet of the under side of the cast-iron plates. 
The filling between the piers is covered by a layer of con- 
crete, having enough pitch to properly drain into a longitnudi- 
nal tunnel at one side of the plate. There are numerous rows 
of drilled and reamed holes for stop lugs, and tee siots ex- 
tend the whole length of the floor plate, with numerous cored 
holes at the bottom of the slots to permit the chips to fall 
through into the transverse tunnels. The main tunnel has 
trap doors through which the chips can be taken out. 


% % * 


The American people have been prodigally wasteful of 
their timber resources, and now that lumber is becoming more 
and more expensive as the available supply decreases, means 
are just beginning to be employed to lengthen the life of 
wooden structures exposed to the weather, like telegraph 
poles, railroad ties, piles and similar work. Paint is, of 
course, of no value in preserving wood that is under ground 
or continually exposed to water action, as in the case of 
piles. The fiber must be impregnated with creosote or other 
chemicals of a similar preservative nature. A number of 
American railroads have recently installed timber. preserving 
plants, some of which are of extensive proportions. The 
Great Northern Railway has a plant built by the Allis-Chal- 
mers Co., at Flathead Lake, Montana, which has a capacity 
of 4,000 railroad ties per 24 hours. The three movement zinc- 
tannin process is used. 
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ROTATING RING WITH ATTACHED LUGS. 


DESIGN WITH REGARD TO TENSION IN RING AND 
LUG BOLTS. 


FORREST R. JONES. 


The limiting speed at which a flywheel may run is gener- 
ally determined by assuming the tensile stress that the ma- 
terial of which it is made can safely be subjected to, and 
then calculating either the linear velocity of the periphery, 
or the number of revolutions, that will cause the assumed 
amount of stress. In making the calculations for the limit- 
ing speed it is quite customary to deal with the rim as if it 
were free from the arms, thus neglecting their effect upon 
it. In other words, the rim is dealt with as if it were a 
plain ring, without attachments, lying on a horizontal table 
and rotating about a vertical axis coincident with that of 
the ring. While such an assumption neglects the pulling-in 
action of the arms and the consequent bending effect on the 
rim, as well as their tendency to reduce the pure tension 
in the rim, it is the best that can be applied, for the stresses 
as they actually exist are so complicated that they cannot 
be intelligibly dealt with in numerical calculations. 

The ring of an electric generator that carries the lugs 
which form the cores of a rotating magnetic field may be 
dealt with for determining the tension in it in much the 
same manner as a flywheel. Such a ring, free from the sup- 
porting arms, is represented in the figure. The difference 
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Steel Ring for a Rotating Magnetic Field for Electric Generator. 


between this and the flywheel rim is that the lugs cause ten- 

sion in the ring in addition to that induced by its own weight 

and rotation, and that there are bolts passing through radial 
holes which cut away part of the material. 

The speed of rotation that will induce a tensile stress of 
14,500 pounds per square inch in the ring, and of 12,000 
pounds per square inch in the lug bolts, using the form of 
ring and other parts shown in the figure, will be calculated. 
The ring is of forged steel 8 feet 6 inches internal diameter, 
3 inches thick radially, and 1 foot wide. The lugs are 6 
inches long radially and weigh 100 pounds each. Two lug- 
bolts are used to fasten each lug to the ring. 

The following notation will be used: 

C =centrifugal force of one lug, pounds; 

P =P’+ P’”=total tension in rotating ring due to the speed 
and weight of both itself and the attached lugs, 
pounds; 

P’ =total tension in the rotating ring due to its own speed 
and weight, pounds; 

P’ =total tension, due to the speed and weight of the lugs, 
in the ring, pounds; 

VY =linear velocity of the rotating ring, feet per minute; 

W=weight of the material of the ring, pounds per cubic 
foot; 

a effective area of bolts for resisting tension, square 
inches; 
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d diameter of the body of the bolts used for attaching the 
lugs to the ring, inches; 

32.2 = fOrcenoLreravity ; 

p’ =tension, due to its own speed and weight, in a solid ro- 
tating ring of 1 square inch cross section; 

yr ==distance from axis of ring to center of lugs, feet; 

» =linear velocity of rotating ring at its mean radius, feet 
per second. 

The tension in a ring that is as thin radially as the one 
now under consideration can be found, with sufficient accu- 
racy for the purpose of designing, for any speed of rota- 
tion, by the following formula which gives pounds per square 
inch: 

W v? 


p= 
144 9 
The weight of steel forgings of this description is about 
490 pounds per cubic foot. Substituting this value of W and 
that of g as 32.2 gives 
490 v? 


@; —_ 


144 « 32.2 

The cross section of the ring is 3” X12”=—386 square 
inches. The total tension in the ring due to its own weight 
is therefore 

P’ = 36 X .1058 v? = 3.81 v? pounds. 

When the ring and lugs are rotating, a point in the middle 
of the length of the lug, measured radially, moves faster 
than one at the mean radius of the ring in the same pro- 
portion that its distance, 57 inches, from the axis of rotation 
is greater than the mean radius, 52.5 inches, of the ring. 
Therefore, the 


= .1058 v? lbs per square inch. 


dT v 
Mean linear velocity of lugs = ec: 1.085 v 
52.5 
The force necessary to prevent a lug weighing 100 pounds 
from the flying off the ring when both are in motion is ex- 
pressed by the equation, in which v is the mean linear velo- 
city of the ring, and r is the distance from the axis of the 
ring to the center of the lug, 


100 (1.085 v)? 100 & 1.177 v? LOU e deli ie Kalo 
C= — a, ==- 


772 v 


gr 32.2 X 57 + 12 32.2 & 57 

The total radial pull of the 24 lugs if distributed uni- 
formly around the entire circumference of the ring would 
induce an 


Average radial pull 24 X 772 v? 18.528 v? 
per inch. of ci. = —— = .0562 v? lbs. 
cumference. circum. of ring 105 z 


This radial pull of the lugs exerts a bursting force upon 
the ring which has practically the same effect as the internal 
pressure of confined steam, air or water in a thin shell 
cylinder, and may be dealt with in the same manner for de- 
termining the tension due to it in the ring. The formula 
applied to this case gives for the total tension in the ring 
due to the lugs: 

P’’=radial force per inch of circumference X radius of ring 
— ,0562v? * 525 = 2.96 v? lbs. 

The total tension of the entire cross section of the ring 
is the sum of that due to the speed and weight of both the 
ring itself and the lugs. It is expressed by 

P=P + P= 3.81 + 2.96 ve? = 6.77 v* pounds. 

Since a part of the material of the ring is cut away by 
the lug bolts, it is necessary to determine their diameter 
as the next step in the calculations. The effective sectional 
area of a bolt such as will be used to hold the lugs in place 
is that at the bottom of the thread. Since the diameter of 
these bolts is not yet determined, the exact ratio of the diam- 
eter at the root of the thread to that of the body of the 
bolt is not exactly known. It is on the safe side to assume 
that the diameter of the body is 1.18 times that of the root 
of the thread. This is a somewhat larger ratio than actually 
found for ordinary bolts from 1.75” to 3” diameter of body. 
Under this assumption a bolt in tension with a body diameter 
d has an 

x A 


Effective area of bolt = —————— 
4 (1.18)? 
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Two bolts are to be used for each lug. Their combined 
tensile strength must be equal to the centrifugal force of 
one lug. This centrifugal force has been determined as C= 
172 Vv? pounds. 

The equation between the bolt area and the centrifugal 
force of a lug, for two bolts in each lug, at a tensile stress 
of 12,000 pounds per square inch in the bolt, therefore, is 

12000 x 2 x d? 
———_— = .772v 


4 (1.18)? 

Whence 
pROE SS tyres 
12000 zx 

The greatest tension per square inch in the ring is where 
the cross section is reduced by the two bolt holes for one 
lug. The solid sectional area is here decreased by an amount 
equal to the thickness of the ring multiplied by twice the 
diameter of a bolt. Therefore, for a tensile stress of 14,500 
pounds per square inch in the material of the ring, the fol- 
lowing equation can be written: 

(PEEPS 


d= 1.1805 X< 


P' + P" 
14500 = —— a ab Sea eae 
Effective area of ring (3 X 12)— (8 X 2d) 


It has already been found that P’-+ P”=6.77 v*. That 
of @ may be expressed as .00757 v. By making these substi- 
tutions in the last equation, it becomes 


6.77 v? 6.77 v? 
1) = ——— eS Ra ea 
36 — (6 X. 00757 v) 386 — .0454 v 
Whence 
14500 x 0454 14500 « 36 
ve 4 ———_—_—_—___ » = —— 
6.77 6.77 


vw + 97.2 v = 77500 
This equation can be put into form for extracting the 
square root by adding 2360 to each side so as to make the 
left-hand member a complete square. Thus 


vy + 97.2 v + 2360 = 77500 + 2860. 
And by extracting the square root 


v + 48.6 = 79860 = 282.5 
v = 284 feet per second. 

Or 
V = 14040 feet per minute. 

The speed of rotation corresponding to this linear velocity 
can be found by dividing the linear velocity by the circum- 
ference of the ring, whence 

14040 


Speed of rotation = ——— = 500 rev. per minute. 
9a 


The outer diameter of the ring is here used in order to 
roughly balance the error introduced by using the mean 
diameter of the ring and the radial distance to the center 
of the lugs, instead of the correct slightly larger values. The 
reason for not using these correct values is that it is difficult 
to determine them, and the error introduced by the method 
that has been followed is very slight in this case. With a 
ring thicker radially, or longer lugs, the error would in- 
crease rapidly. 

The diameter of the bolts may now be determined by in- 
troducing the value of v just found into the equation for d 
developed earlier in the solution. Thus 

d= .00757 v= .00757 X 2341.77 inches. 

A body diameter of 1.75” would naturally be used in prac- 
tice. 

As a check on the work that has been done, the values of 
the tensions in the ring and bolts may now be determined 
by introducing the speed of rotation and bolt diameter that 
have been found. 

Net sectional area of ring = (3 X 12)—(3 x 2 X 1.75) 
= 36 — 10.5 = 25.5 square inches. 
P' + PRP" Dy EOP 
Tension in ring = == 
net section 


25.5 
6.77 x (284)? 


= 14600 lbs. per sq. inch. 


25.5 
A bolt of 1.75” body diameter has, according to tables of 
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standard threads, an area at the root of the thread equal to 
1.746 square inches. Therefore the 


112 Vv? 772 X (284)? 
Bolt tension = — Pass Stee 


= = 12100l1bs persq.inch. 
2x 1.746 2X 1.746 
These values of tension are slightly higher than actually 
induced by a speed of 500 revolutions per minute, for this 
speed of rotation corresponds to a linear speed of the fastest 
moving point in the ring only as high as was determined for 
v at the mean radius of the ring by calculation. By making 
the speed of the mean radius of the ring as high as v was 
determined, the peripheral velocity would be increased. 
There are, of course, bending stresses in the ring due to 
the localization of the radial pull of the lugs at the points 
where they are attached; also at the points where the arms 
of a spider for supporting and driving the ring are attached. 
As has already been stated, it is practically impossible to 
determine these stresses. There might be a gain in some 
cases by making the ring thicker radially where it is pierced 
by bolt holes, so as to make the cross section at these points 
as great as between the lugs. This is generally a source of 


considerable additional cost. 
* * * 


ANNUAL MEETING OF THE A. S. M. E. 


The annual meeting of the American Society of Mechanical 
Engineers, which opened in New York on the evening of 
December second, was one of the most interesting in the 
history of the society; not because of the rare technical merit 
of the papers, nor of the great value of the discussions, but 
because mechanical engineers, like other human ,beings, enjoy 
a scrimmage, when it becomes animated enough to be inter- 
esting. The chief topic up for discussion was the metric 
system and the subject of the metric system permeated the 
meetings from beginning to end. 

In the absence of President Reynolds, who, according to 
custom, should have delivered the annual address at the 
opening session, the first of the technical papers was read 
by Prof. Reeve, upon a duodecimal system of numeration. 
Such a system is interesting as a project, and has the ad- 
vantage that its unit of 12 can be divided by 2, 4, and 3, all 
factors convenient to use. 

On Wednesday and thereafter the sessions were held in the 
assembly hall at the Sturtevant house, an arrangement that 
was much appreciated by the members present, for it not only 
abolished the annoyance of the crowded lecture hall at the 
society rooms, but it gave much better facilities for serving 
lunch on the days of the meeting. The Wednesday morning 
session was devoted entirely to the transaction of business, 
with Vice-President Waitt as chairman, who showed rare 
ability in parliamentary matters. The business consisted 
principally of the report of the council, and the appoint- 
ment and reports of committees. A committee of four was: 
appointed to serve with four members from each of the other 
three leading engineering societies, for the award of the 
John Fritz medal, and committees were also announced for 
the consideration of standard machine screw threads and to. 
co-operate with committees from other societies to establish 
specifications for testing materials. 

The Committee on Rules and Methods submitted several 
questions, one being that of the dues and age limit for junior 
members of the society. This led to an extended debate 
which did not clarify matters much, until finally a resolution 
was passed voicing the sentiment that Juniors hereafter 
elected should not be allowed to remain Juniors after the age 
of 30, but should be required to become Associate or Regular 
members, according to their qualifications, and pay the in- 
creased rate of dues to such membership; or else be dropped 
from the rolls. A resolution was also passed calling for a. 
letter ballot of all the members in the case of a change in the 
constitution or rules. 

At the afternoon session the metric system discussion be- 
gan. Mr. F. A. Halsey presented his paper upon the subject, 
which was the opening gun—one of large caliber—for he 
presented what are perhaps the strongest arguments ever 
brought together in one paper in opposition to the system. 
He went to the bottom of the subject and brought out a great. 
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mass of evidence to show that in the so-called metric countries, 
where the metric system has been used for many years, there 
are numerous other systems in vogue, which, by the inertia 
or preference of human nature, or both, will probably con- 
tinue to be used by individuals and firms for years to come. 
He explained fully, by apt illustrations, why the same thing 
would happen here were the metric system to be intro- 
duced. 

The heavy artillery on the other side was handled with 
telling effect by F. J. Miller, of the American Machinist, 
Director Stratton, of the National Bureau of Weights and 
Measures, and J. H. Southard, chairman of the Congressional 
Committee of Weights and Measures, the latter two attending 
the meeting and speaking by special invitation. Many letters 
were read for and against the system, those from Cincinnati 
manufacturers in particular being strongly against lit 


James M. Dodge. 


The discussion comes up at this time, primarily because 
of the bill pending before Congress to require all the de- 
partments of the government to use the metric system, and 
to make the system the legal standard of the country (which, 
by the way, it is now, so far as the measures of length are 
concerned). The chief objection to the bill seems to be not 
so much the use of the metric system by the government 
departments as the fear that the government may wish to 
make the system compulsory, and might in any case require 
machinery or other products sold them to have metric dimen- 
sions. That the first of these effects would be possible 
or the second probable was vigorously denied by Chairman 
Southard and he is, perhaps, in a position to give as unbiased 
judgment as anyone. It was contended that it would be im- 
possible for the government to compel the use of the system 
outside of its own departments, and that in selling machinery 
practically the same conditions would hold as in supplying 
the metric countries at the present time, where but few 
if any changes in the machines are required. 

The committee previously appointed by the society to con- 
sider the metric system presented a report strongly advocating 
the English system, and denouncing the metric system, At 
the time of its appointment it was known that this com- 
mittee was adverse to the metric system, and for this rea- 
son it was moved that the report be laid on the table and 
the motion was carried. 

The council was then instructed by a very close vote to 
confer with other societies with regard to the appointment 
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of a committee composed of members from each, to investi- 
gate the matter further. At a later session, also, the Secre- 
tary was instructed to prepare blanks to be sent to each 
member for obtaining his individual opinion regarding the 
system—a very happy ending of the whole controversy. 

Abstracts of several of the technical papers presented at 
the different sessions have been prepared for use elsewhere 
in this number and in the next number of MACHINERY. 


The New President. 


The new President of the society, Mr. James M. Dodge, 
was born June 30, 1852, at Waverly, New Jersey, on the farm 
of his grandfather, Prof. James J. Mapes, a noted chemist 
and scientist of his day. His mother is Mrs. Mary Mapes 
Dodge, Editor of St. Nicholas Magazine, the leading children’s 
magazine. After three years at Cornell University, and one 
year at Rutgers College, New Jersey, at which place he took 
a special course in chemistry under the late Prof. George H. 
Cook, geologist, he served an apprenticeship at the Morgan 
Iron Works, New York, and spent a number of years of his 
earlier life at the shipyards of John Roach, Chester, Penn- 
sylvania. Afterwards he went to Chicago and entered the 
employ of the Ewart Manufacturing Company in the manu- 
facture of link-belting, in which business he has been ever 
since. He is now president of the Link-Belt Engineering 
Company, the Dodge Coal Storage Company, the Stair Lift 
Company of Philadelphia, and a director in a number of 
concerns. He has taken out considerably over one hundred 
patents, a number of which have proved to be commercially 


valuable. 
* * + 


COOLING RAILWAY MOTORS BY COMPRESSED AIR. 


Patents have been granted to Messrs. Mailloux and Gotshall 
for two systems of cooling electric railway motors by means 
of compressed air. The size of electric motors is seriously 
restricted by the gage of the wheels between which the motors 
must be located. The compressed air cooling scheme is de- 
signed to increase the power factor for a certain size of motor 
which means that it could run at higher speed and develop 
greater power without overheating. The maximum permis- 
sible working temperature for the motor coils, is from 150 
to 160 degrees and if this is exceeded the insulation soon 
chars and becomes defective. The efficiency of the motor also 
decreases with the increase of temperature. The compressed 
air is conveyed to the motors by pipes from the airbrake 
system or an independent air supply. Three systems of con- 
trolling the air flow are suggested: Hand control, in which 
the exhaust from the airbrakes is diverted into the motor 
cases instead of being allowed to escape into the atmosphere; 
automatic devices set to discharge air into the cases periodi- 
cally; and thermostatic devices that would open the air valves 
when a certain temperature had been exceeded. One great 
advantage of the system, aside from that of increasing the 
motor capacity, is that it allows of electric braking. Electric 
braking is desirable for two reasons, but in the present over- 
worked state of electric railway motors, is not generally feas- 
ible on account of overheating; it returns to the line a per- 
centage of the energy required to get a car up to speed, and 
partly eliminates the wear of brake shoes. 


* OF * 


While it is wndoubtedly the case that kerosene oil is of a 
very penetrating nature and that it will leak through a very 
narrow crack, it is also the case that water is nearly if not 
quite as penetrating. One reason that leakage of water 
through a narrow crack is not so apparent as that of kero- 
sene oil, is that it evaporates and leaves little or no trace of 
the leak. Again if there is any sediment or suspended mineral 
matter carried by the water, the evaporation soon leaves a 
deposit that effectually seals the crack and prevents further 
leakage. In the case of kerosene oil the leakage does not 
evaporate, or does so very slowly, and spreads over the outside 
of the vessel making its presence very apparent whereas the 
total leakage may be quite small. With the oil there is no 
tendency for a leak to seal itself, but on the contrary kerosene 
oil is of a highly solvent nature, and tends to remove all 
deposits clogging the crack. 
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SEMI-ROTARY STEAM AND COMPRESSED AIR 
HAMMER LIFTER. 


E. W. Merrill, Jr., Brooklyn, N. Y., has taken up the manu- 
facture in this country of the Brett semi-rotary drop hammer 
lifter, of English design, which is here illustrated. These 
lifters can be operated either by steam or compressed air 
and can be used to deliver one or a series of equal blows, or 
they will deliver variable light and heavy blows. These blows 
are of an elastic nature as the return of the hammer is in- 
stantaneous. Fifty to seventy blows per minute are ordinarily 
given with these lifters while at a low fall as high as one 
hundred blows per minute can be obtained. 

Fig. 1 shows an automatic self-contained drop with a 600 
pound hammer. The two levers at the right are connected 
by light rods to the valves controlling the throttle and the 
automatic trip. The lever controlling the automatic trip 
moves between two quadrants containing a series of notches 
which hold it in any desired position. When in its highest, 
lowest, or intermediate notch, the hammer will trip, auto- 
matically, at its corresponding high, low, or intermediate fall. 
The change of fall can be made in a few seconds either 
with the machine in operation or at rest. The drop is oper- 
ated by releasing the latch with the aid of the treadle in the 
same manner as on a board drop, one or a repeated number of 
blows being given until the foot is removed. The variable 
light and heavy blows are obtained by operating the throitle 
lever aS on a Steam hammer. 


Fig. 1. Six hundred pound Drop Hammer with Merrill-Brett Hammer Lifter. 
The method by which the hammer is raised will be clearly 
seen by reference to Fig. 2, which is a section through the 
cylinder with the piston, lifting arms and idler pulley in the 
positions which they would occupy when the hammer, which 
is fastened to the strap J, is down and at rest. In order to 
raise the hammer, steam enters the port A, presses against 
the wing B, and forces the piston to any desired position, 
say E. As the lifting arms F form a part of the piston shaft, 
when the piston revolves these arms are carried around to the 
position K carrying with them the strap J, and thus raising 
the hammer. When the piston has reached the position H, 
steam is cut off and that in the cylinder returns through the 
port A to the exhaust. This permits the piston to return to 


January, 1903. 
starting position and allows the hammer to fall. D is the 
division block and L the relief and safety vent. 

This lifter may be applied to any style of drop ham- 
mer as the lifting mechanism can be mounted on any 
frame built over the hammer, or it may be located on the 
floor above. The scope of these machines is almost unlimited, 


ose PULLEY 
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Fig. 2. Section through Piston of Merrill-Brett Drop Hammer Lifter. 


drop forgings being now applied to all kinds of work. The 
size of work which can be handled in this way is constantly 
increasing, one case of recent practice being the forging, 
with these drop hammers, of mild steel locomotive pistons 
weighing 240 pounds each. : 
* * * 
COMBINED STANDARD AND OPEN-SIDE 
PLANER. 


In many shops there is a demand for the occasional use of 
an open-side planer but not enough to warrant the purchase 
of a machine made exclusively for that class of work, and as 
a standard type of planer is much better for all-round work, 
the occasional open-side work is done with an extension tool 


Fig. 1. 


Combined Planer arranged as Standard Machine. 


with a great deal of trouble and expense. To supply this de- 
mand, the Mark Flather Planer Co., of Nashua, N. H., have 
designed and put upon the market, the combined standard and 
open-side planer, which is here illustrated. The cuts are 
made from photographs of their 42-inch standard planer 
changed to the open-side. As shown in the photos, the far 
housing can be moved back and an extension piece placed 
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between the cross-rail and the face of the housing. In the 
planer shown, the distance from the point of tool to face of 
housing is 63 inches, so that a piece 5 feet wide can be planed. 
The cross-rail, being the builder’s regular standard 42-inch 
planer, with two heads on the rail, is long enough to square 
down work 63 inches wide with the far head, and by setting 
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Fig. 2. Combined Planer arranged as an Open-side Planer. 


the head at an angle, several inches wider can be planed. 
A supplementary table to support the work, slides easily in 
a V-way, and gives a very secure outer support to which 
work can be bolted. A rolling table can be furnished instead 
of the above, if preferred. 

The far housing is tongued into the top of bed, the cheek 
of which is made long enough to enable the housing to be 
moved back the required distance, with a rack pinion, so that 
the extension can be put into position and bolted to the 
cross-rail and housing, making a very rigid support for the 
rail. The face of the extension is made exactly like the face 
of the housing and is fastened to the rail by the same means 
as to the housing. The back part of the extension is made 
to fit over the two edges of the housing as well as to the 
face. The nut on the raising screw is disconnected from the 
rail and fastened to the extension and is made in such a 
way that the alignment of the rail is not changed by moving 
the housing. The rail is made to fit over the face and both 
edges of housings and is extended above and below the regular 
width of the cross-rail on the near housing, in order to give 
a greater bearing and support for the rail, so that when the 
far housing is removed, the rail will still be held rigidly in 
position. The change from a standard planer can be made in 
a very few minutes, and reversing mechanism can be operated 
from either side of the planer by hand and by the shipper dogs 
in front. 

The power raising attachment for cross-rail, as shown in the 
drawing, is driven by two friction pulleys, similar to those 
used on countershafts for lathes. The bevel pinion on this 
shaft drives a double bevel gear in a central position on the 
tie which connects the two housings, the lower and larger one 
is driven by the pinion on the pulley shaft and the upper drives 
two cross shafts. One of these is rigidly connected with the 
near housing and the second one with the far housing and 
both are made to swivel round the central driving gear and 
also on the raising screw of the far housing. The shaft also 
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telescopes through the bevel gear so that moving the housing 
from one position to another the shaft is free to slide through 
the gear as it moves around the circle of the central gear. 
As these gears revolve around the central gear, the relative 
positions of the raising screws are not altered since the bevel 
pinions revolve around the driving gear and also the bevel gear 
on the screw, consequently causing no 
change in the position of the screws. The 
driving gears are all contained inside the 
bed, which is double webbed around the 
gears and makes a stiff and powerful ar- 
rangement for driving the tables. 

The feeding mechanism for the heads is 
driven by a new relief friction which has 
recently been brought out by the builders 
and is positive in its action in moving the 
feeds, but when released takes no power 
and does not heat. The reversing motion 
provides for one belt doing its work, then 
leaving the pulley before the other starts, 
preventing the disagreeable squealing of 
belts. The machine is entirely under the 
control of the operator at any part of the 
stroke and there is no unpleasant jar or 
jerk when the machine is reversed. In 
other features this machine is essentially 
the same as the standard planer built by 


this company. 
* * * 


Electrical traction has been found to be 
most satisfactory on the Manhattan Ele- 
vated Railway. The Second and Third 
Avenue lines are now completely equipped 
and 608 electric cars are in operation. It 
is expected that the Sixth and Ninth 
Avenue Lines will be completely equipped 
by April 1, 1903. 
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Brass is primarily an alloy of copper and 
zinc. Ordinary yellow brass consists of 
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Fig. 3. Power Raising Attachment for Combined Planer. 


2 parts copper to 1 of zinc. Lead is also used, a common mix- 
ture being copper 60, zinc 36, and lead 4. Bronze is an alloy of 
copper and tin. The standard ordnance bronze or gun metal, 
was formerly copper 90 and zinc 10, but the term ‘‘gun metal” 
is now a very elastic one. A gun metal alloy known as ‘‘steam 
metal” because of its common use for valves and fittings, is 
copper 87, tin 6, zinc 5, and lead 2. 
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ENGINEERING REVIEW. 


CURRENT EVENTS, TECHNICAL AND MECHANICAL—LEADING ARTICLES OF THE MONTH. 


THE FIRST IRON BRIDGE. 

After standing securely for upwards of 120 years the cast 
iron bridge which The Coalbrookdale Company erected over 
the Severn in the years 1777-1779 has failed by the sudden 
breaking of the girders. The structure is believed to be the 
first metallic bridge ever erected, and it possesses the further 
distinction of having given its name to the picturesquely situ- 
ated riparian township of Ironbridge in Shropshire. The 
span of the arch is 100 feet, the width, exclusive of parapets, 
26 feet, and the height from base-line to center, 40 feet, while 
the weight of iron in the bridge is about 380 tons. No details 
are at present available as to the cause of fracture, but it is 
surmised that “fatigue,” due to long-continued vibration, may 
have some connection with the collapse. Cast iron for bridge 
building is no longer in favor, rolled iron or steel being the 
material generally used, but for all that, there are few wrought 
iron or steel structures now being erected that are likely to 
remain intact for such a prolonged period as has the famous 
cast iron bridge over the Severn.—lronmonger. 


FLOATING FIRE TRAPS. 

The passenger steamers plying Long Island Sound are 
widely known as the most palatial inland-water boats afloat. 
The cabins and upper decks appear surprisingly spacious to 
one accustomed to the river or lake boats in other sections 
of the country. The upper works of the boats, however, while 
magnificent in appearance, are in reality mere tinder boxes, 
built with thin pine partitions. In the advent of a fire having 
a few minutes’ start this inflammable material would be con- 
sumed in a much shorter time than it would take to tell 
the story. In 1888 the Fall River steamer Bristol burned 
while at the Newport wharf and although she was favorably 
located for fighting the fire and for the escape of the pas- 
sengers, it was with the greatest difficulty that loss of life was 
prevented. Not profiting by this experience, the Fall River 
line has recently ordered another “floating palace,’ which, 
like its predecessors, will also be a floating fire trap. If it 
was impossible for the passengers and crew to escape from 
the comparatively slow-burning ocean-going steamers which 
were destroyed by fire at the Hoboken docks of the North 
German Lloyd line two years ago, how would it be in the 
case of a crowded Sound steamer a mile or two from land? 


ANOTHER TOOL STEEL. 

Another high-speed tool steel is said to have been produced 
by a new process at the Bismarck Furnace, in Silesia, Ger- 
many. The new material is claimed to greatly exceed in cut- 
ing power even the tool steel made by the Taylor-White 
process, and to have the added advantage that it will work 
successfully with much smaller cuts than the latter material. 
Thus it may be used on ordinary machine tools to increase 
their efficiency, whereas the Taylor-White steel can only de- 


velop its full efficiency on specially strong and powerful 
machines. This information is taken from the Hngineer- 
ing News which quotes the following from a German 


technical paper: ‘A certain steel shaft of hard steel (tensile 
strength 78,000 pounds per square inch) was given a cut of 
.024 inch with a feed of .12 inch. Using ordinary tool steel 
it took about 280 minutes to cover the surface of the shaft 
(about 775 square inches); with Taylor-White steel it took 
140 minutes, whereas a tool made of the new material did 
the work in about one hour. It is stated that in working soft 
steel, with the new tool steel, taking a fine finishing cut, a 
peripheral velocity of 51% feet per second could be reached, 
while other tool steels could not be made to cut at all at 
this speed.” 


FROM THE TECHNICAL SCHOOLS. 

A short time ago we published an item regarding the new 
electrical laboratory of the Massachusetts Institute of Technol- 
ogy, Boston, which has been designed especially for research 
in the electrical field and has the equipment necessary for 
carrying on experiments similar to the advanced work con- 


ducted at the best German universities. These facilities for 
advanced study are now to be extended to other departments. 
of the Institute, and beginning with the new year arrange- 
ments will be completed for several post-graduate courses, 
leading to the degree of Doctor of Engineering. To attain this 
degree students must be graduates of a technical school, or 
otherwise equipped for advanced work, and must carry on 
extended researches along original lines. They will be sub- 
jected to rigid examinations by the faculty, and in each 
case the degree will be conferred because of work completed 
rather than as an honorary degree frequently given to dis- 
tinguished men by universities. 

Another press dispatch of interest relative to educational 
matters is that several millions of dollars will be expended 
by the University of Chicago in establishing a technological 
department. It is expected that buildings for the new school 
will be begun next autumn and will cost, together with the 
equipment, at least $3,000,000. 


ELECTRIC TRUCK FOR MACHINERY TRANSPORTATION. 

In New York City the Niles-Bement-Pond Co. have taken 
the initiative among machinery dealers, by purchasing an 
electrically-driven truck built by the Vehicle Equipment Co., 
which concern is represented by the Rainier Co., 393 Broad- 
way, New York. This truck is for use in New York city, and 
has a number of novel features. It has what is known as the 
pedestal running gear, the pedestal being a single steel cast- 
ing fastened to the frame of the vehicle. The axle bearings 
are located in jaws in this pedestal and have absolute free- 
dom vertically, but none laterally. The battery is below the 
wagon body, leaving the latter entirely clear, and is made 
of sectional trays which slide out at either side. The power 
is furnished by General Electric motors operating independ- 
ently on the rear wheels. The tires are of 6-inch solid rubber. 
The controller has four speeds ahead and two for backing, and 
the battery has a radius of 25 miles on a single charge. The 
maximum speed of the truck is 51% miles an hour. An 
electrical windlass is placed forward, under the seat, for 
loading freight, and is operated by an independent motor 
and controller. 


A TEN-TON STEAM TRUCE. 

This question of the use of motor trucks for the trans- 
portation either of raw materials or finished products is one 
that is being considered by many manufacturers. A few 
months ago we illustrated the details of the Morgan steam 
truck, manufactured by the Morgan Motor Co., of Worcester, 
Mass. Since then this company has brought out a 10-ton truck 
which is one of the most powerful automobiles ever con- 
structed. It has a total length of over 22 feet and a width 
of 7 feet. A water-tube boiler is used, with burners using 
either fuel oil or kerosene. The engine is a double tandem 
compound, and the truck can always be started without re- 
versing. Where unusual power is required live steam can be 
admitted to the low-pressure cylinders. There are two sets 
of driving gears, one in the ratio of 10 to 1, and the other 
of 20 to 1. The rear wheels, which do the driving, are fitted 
with steel tires, giving two inches of tire surface for every 
ton of load carried. The pulling strain of the engines is 
taken off from the rear springs by struts, which are braced 
against the supporting I-beams. The throttle is so made that 
when the lever is pulled back from the center, steam is ad- 
mitted to the engine, but when the lever is thrown ahead 
of the center steam is admitted to a cylinder which actuates 
the brakes, and if for any reason they should fail to work the 
machine can be stopped by reversing the engine. On each 
end of an intermediate shaft connected with the engine is a 
capstan, and it is possible to throw the engine out of gear 
with the main transmission, so that it acts only on the shafts 
bearing these capstans. It is stated that by the use of these 
and of a hawser attached to a near-by tree or telegraph pole 
the machine can be pulled out of almost any difficulty and 
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even backed down into the excavation and brought out again 
under its own power. There is also a crane on each side of 
the truck, by which the latter can be loaded or unloaded, 
heavy articles being picked up from the level of the ground. 
Another interesting feature planned by Mr. Morgan is to pro- 
vide a truck with two or more bodies, which can be separated 
from the truck and loaded independently of it, thus saving the 
time usually lost in loading and unloading. The scheme would 
be to provide loading platforms in such a way that one truck 
body could be temporarily suspended for loading, while the 
truck backed against a second platform where the loaded 
body would be picked up and transported to its destination for 


unloading. 


WIRELESS TELEGRAPHY. 


As we go to press, dispatches announce the successful trans- 
mission of wireless messages by the Marconi system between 
the stations at Cape Breton, Canada, and Cornwall, England. 
While the transmission of these messages is apparently veiled 
in secrecy and may lead to some skepticism in the matter, there 
seems to be as good reason for believing the report as other- 
wise. In this connection the suits in this country now pending 
against the De Forest Wireless Telegraph Co., are of consid- 
erable interest, as the latter hold that Marconi is in no sense 
the inventor of wireless telegraphy. There have been a series 
of legal proceedings between the two companies. Among the 
claims of the De Forest Company is the one that the alleged 
inventions covered by Marconi patents were previously pat- 
ented in England and the United States—the first being 
granted to Loomis as early as 1872, and one of the others in 
1876 having been granted to Edison. It is also claimed that 
Marconi’s patents were described in several papers in dif- 
ferent countries before their date of issuance. By the De 
Forest system, messages can be sent at about the same speed 
as with any telegraphic system in which wires are used, 50 
words a minute being possible; whereas it is said that 12 
per minute is the greatest number that Marconi has suc- 
ceeded in sending. However valuable the improvements in 
the De Forest system may be, we believe that Marconi will 
receive credit in the estimation of the public for persistently 
working upon wireless telegraphy until he succeeded in 
establishing its importance; and particularly since he himself 
does not claim complete originality, but admits that he has 
simply applied principles that have been understood by 
scientists for many years. 


THE ECONOMY OF ELECTRIC TRANSMISSION. 


In a paper, “Electricity in Railroad Shops,” read before the 
November, 1902, meeting of the Central Railway Club, Mr. L. 
R. Pomeroy said that mere economy of power transmission by 
means of electricity as compared to other methods, is one 
of the least reasons for its adoption. The cost of fuel used 
to run the machinery of a manufacturing plant, is not usually 
over 3 per cent. of the cost of the article produced, labor and 
other items in which time is a factor representing about 47 
per cent. and the material the remaining 50 per cent. But 
the obvious economy of electrical transmission is worthy of 
serious consideration. The friction load of line shafting re- 
mains constant, load or no load, while the transmission loss 
with electricity is always a percentage of the actual power 
used. If no power is being taken off by the machines, there 
is no transmission loss. The friction load of line shafting 
varies from 20 per cent. to 75 or 80 per cent. of the total 
power developed, and even more. It has been seriously stated 
that in a large cotton mill where the conditions were probably 
very unfavorable, as little as 1 per cent. of the power of the 
engine is applied to the cotton itself, the remaining 99 per 
cent. going into friction loss. The chief gain in machine 
shops, however, with electrical power transmission, is in the 
increased efficiency of the men and machines. In the matter 
of removing the wheels from a ten-wheel locomotive an elec- 
tric crane will do in ten minutes what would require four 
men eight hours with common screw jacks, and four men one 
hour with pneumatic or hydraulic jacks. A list of 46 railroad 
shops was quoted in the paper, that have equipped with 
electricity or that are expected to do so in the near future. 
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SOLIDIFIED PETROLEUM FUEL. 

A demonstration of the characteristics of a solidified petro- 
leum fuel was given in Chicago recently, which apparently 
showed that the inventor, Mr. Austin Granville, has _ suc- 
ceeded in overcoming the objectionable features that have 
hitherto accompanied solidified petroleum fuels made by other 
processes. The heat value of the briquettes is about 18,000 
B. T. U. per pound, and they burn with a fierce white flame, 
leaving little or no ashes. The heat is so intense that for 
many purposes it is advisabie to use coal dust, sawdust or 
other refuse of a carbonaceous nature to reduce the intensity 
of the flame. For steam making the preferable method of 
burning the briquettes is on a traveling chain grate, the air 
being admitted over the top and none through the grate. A 
plant having a capacity of 1,000 tons per day is being erected 
at Port Arthur, Texas, and another at San Raphael, Califor- 
nia. The fuel can be delivered at tidewater from the Texas 
field at a cost of $1.20 per ton which, considering its greater 
calorific value, is equivalent to coal at about 90 cents per 
ton. The dangers attending crude oil in bulk are of so grave 
a nature that it is not probable that it can ever be used for 
many purposes where it would if the danger of fire was not 
so great. With the solidified product, however, the fire hazard 
disappears; also the difficulty of handling and transportation. 


THE SUBMARINE BOAT. 

A vast amount of money has been expended in this country 
upon the development of the submarine boat. From the time 
the United States Housatonic was destroyed by the Confed- 
erate submarine boat David, a great deal of attention has 
been paid to craft for navigating beneath the surface of the 
water, and, up to recently, the greatest progress has been made 
in France. But little public attention was drawn to the matter 
in this country until the creation of the first Holland sub- 
marine boat during the Spanish war. - Mr. Holland has 
worked on the problem for many years and there is now a 
plant at New Suffolk, L. I., where there are several boats 
under construction for the United States Government. Re- 
cently experiments were conducted upon the two boats Adder 
and Moccasin, built at the above plant under the direction of 
a Government Board. The trials included a large number of 
runs—submerged, awash and floating on the surface of the 
water. The boats exceeded the contract speed, which called 
for seven knots per hour awash, eight knots per hour on the 
surface, and 5 knots submerged. For use when submerged 
there is an electric motor of 70 horse power, with storage 
batteries; while for running on the surface, gasoline engines 
are employed. The boat is fitted with tanks for compressed 
air, to provide fresh air for the crew; and a ventilating ap- 
paratus had to be devised, particularly since obnoxious gases 
are given out by the storage battery. The compressed air is 
also used for emptying water tanks when it is desired to 
shift the ballast. One of the chief difficulties in the operation of 
a submarine boat is its control in both vertical and horizontal 
planes. Apparently, these new boats can be as easily directed 
in one plane as in the other. It is generally admitted that 
the radius of action of submarine boats is not sufficient to 
enable them to operate at a great distance from the shore; 
but submarine propulsion has been so far improved that 
there is a good possibility of the submarine boat meeting 
with success in harbor and coast defense. It will at least 
have the effect of making an enemy uneasy. 


DETERIORATION OF STEEL CAUSED BY “INTERNAL 
WEAR.” 


Iron and Machinery World. December, 1902, p. 19. 
Charles H. Fitch in the course of an article on the deteriora- 
tion of steel from internal wear, says that a boiler plate 
punch, especially a small punch, used to punch thick plates, 


soon loses its elastic strength. It may be as_ hard 
as ever it was, but some time it seems to break like 
glass. Now if we regard that bit of steel first and last 


as merely a hard solid body, the changes in that body 
will always remain blind mysteries. But if we recognize 
it in all its hardness and solidity as being what it is in fact— 
a collection of interwoven particles working together—then 
we can see how it is worn out by the interaction of these 
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particles. This little punch which at the start will go through 
steel nearly as hard as itself, at the finish will break like 
glass because it is internally worn out. Though solid it is just 
as truly a spring as any spiral coil over a railway axle box. 
When it strikes the skin of the steel, which it pierces, it is 
driven back like a spring until the force of that spring’s 
compression gives it power to drive through the steel. In 
going through a thick plate it may vibrate several times. It 
is in fact a spring battering ram, a little power machine. 
It has, therefore, the movement and friction of a power ma- 
chine, and like a power machine it wears out. Then it breaks, 
not from some mysterious chemical re-formation of particles, 
not from anything like the crystallization which attends the 
passage of some bodies from the liquid to the solid state, but 
simply because it is internally worn out, and needs to be re- 
turned to the cupola or the melting pot to be made over from 
the inside. 


MILLING CUTTERS WITH UNDERCUT TEBTH. 
Abstract from paper read by S. N. Brayshaw before the 
Manchester Association of Hngineers, October 25, 1902. 
A turning or planing tool for iron or steel has top rake, 
as well as clearance below, and milling cutters for many 
operations should have similar rake. A cutter, 3 inches 
diameter, 114 inch wide, with 10 teeth undercut 10 deg., 
was used on steel shafting in the works of L. Gardner & 
Sons, Ltd., the speed being 28 revolutions per minute, and 
the feed 1 inch per minute, with 9-16-inch depth of cut. 
This gives an approximate cutting speed of 27 feet per min- 
ute, and a feed of .036-inch per revolution. At this rate the 
cutter left a beautifully finished surface. It ran easily, and 
kept its edge well. It must not be assumed, however, that 
undercut teeth are necessarily advantageous. Frequently 
they are the reverse. Mr. E. G. Herbert, of Manchester, has 
recently made a series of tests with three cutters 65% inches 
diameter, 9-32-inch thick, with 1 inch hole. In each case 
there were 30 teeth, which in one cutter were radial and in 
the other two were undercut 10 deg. and 15 deg. respectively. 
The cutters running at 20 revolutions per minute, or a 
cutting speed of 42 feet per minute, were fed separately into 
the vertical faces of heavy blocks, first of cast iron, and then 
of mild steel, until the machine stopped. ‘the feeds varied 
from 1.4-inch per minute to .16 inch per minute, and there 
was no perceptible slip of the feed belt. The results of 
the tests were somewhat complicated, and the curves plotted 
therefrom were full of interest, but they failed to show any 
decided advantage of one tooth over another. The general 
indication seemed to be that the advantage rested with the 
undercut teeth with a big feed, and the radial teeth gave 

better results with a fine feed. 


WELDING LOCOMOTIVE FRAMES IN SITU. 


Railway and Engineering Review. December 6, 1902. P. 876. 
Most practical railroad men are familiar with the process 
of straightening locomotive frames, in sitw, that have been 
slightly bent by wrecks or other accidents, but there are few 
who would attempt to make a weld under such conditions. 
It appears, however, that where the use of liquid fuel is well 
understood, it is quite practicable to do this seemingly im- 
possible job. A large number of broken locomotive frames 
have been welded in position at the West Oakland shops of 
the Southern Pacific Ry., 56 in all, and out of this num- 
ber only five have since broken in the welds and this is 
attributed to the welds having been made at night when it 
was difficult to gage the heat. The first weld was made 
November 11, 1899, and the frame is still in service. 

The plan followed is to strip the engine at the location of 
the break and to build up around the frame a temporary 
furnace of firebrick, after the plan usually followed when 
straightening bent frames. The furnace is built on a piece of 
sheet iron so that the whole affair can be quickly dropped 
into the pit when the welding heat has been reached. In 
practice, however, the first “setting up” blows are delivered 
before the furnace is torn down. Thus if the break is in a 
frame jaw, the lower end is driven up by a heavy pneumatic 
hammer weighing 30 or 40 pounds; if the break is in the top 
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rail the tail piece is struck with a 1,000-pound ram a few 
times, with the furnace in place. Before the heat is taken it 
is the practice to jack the broken ends apart and to insert 
a piece of end-grain iron which is allowed to project all 
around about % inch. This is, of course chipped off after 
the weld is made. The oil burner works under an air pres- 
sure of about 100 pounds. Kerosene, distillates or the lighter 
crude oils are found satisfactory fuels for this purpose. A 
23 degree gravity crude oil is frequently used at the West 
Oakland shops with good success. It is stated that the ad- 
justment of the burner as to the relative proportions of air 
and oil, is quite a delicate operation; also that the distance 
of the burner from the surface of the metal, the angle of the 
deflection and the location of the furnace bricks around the 
weld, are important. Considerable practice on the part of the 
smith is necessary to make satisfactory welds of this descrip- 
tion, which is quite believable. It is recommended that pre- 
liminary experiments be made with bars of iron, iron axles, 
etc., before trying to weld a frame. 


HEAVY STEAM PIPING. 
New York Meeting Engine Builders’ Association, Dec. 1-2, 1902. 


At the last meeting of the Engine Builders’ Association of 
the United States Mr. William Andrews read a paper upon 
“High-pressure Steam Piping,’ from which the following notes 
are taken: 

“Up to the year 1900 the almost universal design for a 
piping system for power plants was to carry a pipe for each 
boiler into a large steam header, whose cross section was equal 
to the sum of all the areas of the feeding pipes. If the de- 
signing engineer wanted to be very grand he made it larger 
without knowing just why. From this header, pipes were car- 
ried to the various engines, of sizes called for by the engine 
builder. It was quite common to place steam separators in 
each line leading to an engine, but fashions change in steam 
piping, as well as in clothes, and with the advent of high- 
pressure and superheated steam, sizes of pipes have been very 
much reduced. In the four large power houses now built in 
New York city, with an ultimate capacity of from 60,000 to 
100,000 horse power each, the largest steam mains are not 
over 20 inches in diameter, and these are used more as equali- 
zing pipes or storage reservoirs. Some of our best plants have 
pipes which run from the header to the engine two sizes 
smaller than that called for by the engine builders. These 
pipes, before reaching the engine, are carried into a wrought- 
iron or steel receiver, which acts also as a separator. This 
receiver has a cubical capacity three times that of the high- 
pressure cylinder, and is placed as near as possible to the 
cylinder. The pipe from the receiver to the cylinder is of the 
full size called for by the engine builder. ‘The object of this 
arrangement is, first to have a full supply of steam close to 
the throttle; second, to provide a cushion near the engine on 
which the blow caused by the cut-off in the steam chest may 
be spent, thereby preventing vibrations from being trans- 
mitted through the piping system, and, third, to produce a 
steady and rapid flow of steam in one direction only, by having 
a small pipe leading into the receiver. This steam flows 
rapidly enough to make good the loss caused during the first 
quarter of the stroke. Plants fitted up in this way are suc- 
cessfully running where the drop in steam pressure is not 
greater than 4 pounds, although the engines are 500 feet away 
from the boilers. 

As to quality of material, in the earlier days of electric 
light and railroad plants, owing to the difficulty of keeping the 
screwed joints tight, some engineers tried flanged cast-iron 
pipe for steam mains, but it was heavy and clumsy and some- 
times cracked on account of the unequal expansion. Then 
came copper, and this pipe, even when reinforced with steel 
wire wound around it, was found to be a treacherous metal. 
Flanged cast-steel pipe was tried, but the difficulty of obtaining 
this free from blow-holes barred it out. At present the ma- 
terial used is either wrought-steel or wrought-iron pipe, on 
which the flanges are either riveted, screwed or welded. In 
England and on the Continent they weld a light flange to 
the end of the pipe and face it; it is pulled together when in 
use by a heavy steel or cast-iron flange, which has previously 
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been slipped over the pipe, very much as copper joints are 
made in marine piping. 

In 1880 the New York Steam Co. installed about six miles 
of steam mains under the streets of the city of New York for 
power and heating purposes. All the joints in this pipe above 
8 inches in diameter were made by expanding the pipe into 
recesses in the flanges, and then beading the ends of the pipe 
over the edges of the flanges. This was done by machinery, 
and was well done. and at the time was considered a great 
improvement over threading or riveting, but in five years every 
joint had to be taken out on account of leaks and threaded 
joints were substituted. These threaded joints lasted until 
1895, when all the pipes were renewed with new mains having 
heavy wrought-steel flanges welded on the pipe. These welded 
flanges when turned true in the lathe make the most work- 
manlike and perfect steam joints in use at the present time, 
and their cost alone prevents their general use. 

Corrugated-copper gaskets placed inside the bolts and well 
pulled up will make a joint which will last as long as the 
fittings. The softer gaskets containing rubber, asbestos, or 
lead alloys need constant attention, and when superheat is 
used they are rapidly destroyed. When the owner’s bank 
account is strong enough ground joints wititout any gaskets 
are used. This makes a first-class job, but the price is all but 
prohibitive. 


RESISTANCE OF AIR TO THE MOVEMENT OF FLY- 
WHEELS. 


Zeitschrift des Vereines Deutscher Ingenieure. 1902. 


It has been ascertained by Herr Scholter, Manager of the 
Nuremberg-Further Trainways, that the resistance of fly- 
wheels is very far from being a negligible quantity. This re- 
sistance may be divided into two parts; that exerted by the 
friction of the air against the rim and that due to the dis- 
placement of the air by the arms; the latter being by far the 
more important of the two. 

In the central station of the trainway there are two hori- 
zontal, tandem compound engines developing 450 horse power 
at a speed of 95 revolutions per minute. Each has a strong 
flywheel whose arms are formed of a double T with a central 
web set parallel to the center line of the shaft. The rotation 
of these flywheels produces a strong current of air which 
seemed to indicate the existence of a considerable resistance. 

The suggestion was made to cover the two faces with a 
smooth protection of sheet metal, which was done. In order 
to determine the difference in the resistance under the two 
conditions, with and without the covering, one dynamo was 
made to serve as a motor to drive the unloaded engine. With 
the flywheel in its original condition, the work required 
was 13,300 watts, while, after the wheel was covered, only 
9,874 watts were needed; a difference of 3,426 watts or about 
5.7 horse power. The cost is then estimated, which may be 
reduced to American standards as follows: 

Considering the engine to be running 17 hours per day for 
365 days in the year on a consumption of 2 pounds of coal per 
horse power hour; the coal burned for the development of the 
power to overcome flywheel resistance will be about 35 tons, 
which at $2.00 per ton will be $70.00 per year. As the cost 
of covering the flywheels is an insignificant amount, the 
figures given above may be taken to represent a net annual 
saving. 

As long ago as 1888 Prof. Brauer, of Darmstadt, called at- 
tention to the advisability of filling in the space between the 
arms of flywheels and cited an experiment made by Inglis 
on a 630 horse power engine in which indicator cards showed 
a saving of 30 horse power or 4.8 per cent. due to a reduction 
of flywheel resistances.—G. L, F. 


FLYWHEEL EXPLOSIONS AND THEIR CAUSE. 

Monthly Bulletin Fidelity and Casualty Co.. December, 1902. 

W. H. Boehm has received a letter from a cotton mill owner 
in which he says that his engineer has made a careful inspec- 
tion of the flywheel driving his mill, and has reported that 
there are no defects or “buggers” in it. From this report 
the mill owner concludes that the wheel is safe and that 
danger from bursting is negligible. Mr. Boehm points out 
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that flywheels do not often break from faults of construction 
or material, but from a sudden increase of speed due to some 
accident. Most flywheels that fail are really sound and safe 
under ordinary conditions. The fact that a defective wheel 
may run for years and then suddenly burst, shows that the 
immediate cause was not the defects, but some change from 
the normal condition under which the wheel had been run- 
ning. 

Wheels do not often fail from torsional stress or from twist- 
ing action in pulling their load, because enough material can 
be put in the wheel to resist successfully any load required 
of the engine. There is, however, no possible way to over- 
come the centrifugal force due to speed. Increasing the thick- 
ness of the rim of the wheel does not strengthen it so far 
as centrifugal force is concerned, because the weight added 
also increases the centrifugal force, leaving the wheel no 
stronger than before. There is, therefore, a definite speed 
at which any wheel, however sound, will explode, regardless 
of the amount of material it contains. For cast iron wheels 
sound theory borne out by good practice has fixed a mile a 
minute.as the danger limit for the rim speed. Most wheels 
are run at or near this speed. The normal speed, however, 
is only of incidental consideration, as an accident may at any 
moment allow the speed to get beyond the normal. As the 
stress in the rim due to centrifugal force increases with the 
square of the speed, disruption quickly follows even a slight in- 
crease in speed. If the speed should be accidentally tripled, 
for example, the stress in the rim would become nine times 
as great as before, and the wheel would have exploded long 
before it had attained that speed. It is here that the “bug- 
ger’ gets in his awful work. 

In the case of the accident at the Amoskeag Cotton Mills, 
he got into the governor of the engine. Although he increased 
the speed only 20 per cent., the flywheel burst, wrecked the 
mill and killed two women and one man outright. In the 
case of the accident at the Griffin Manufacturing Co. a year 
ago, the “bugger” dropped a small washer in the port of the 
high-pressure cylinder, causing the slight increase in speed 
that precipitated a flywheel wreck in which the mill and an 
adjoining building were partially demolished. 

As a matter of fact, the percentage of flywheels that ex- 
plode is 33 per cent. greater than the percentage of boilers 
that explode, and the “bugger,” by getting into the mechan- 
ism of the engine, is directly responsible for most of the 
trouble. 


BRIQUETTING FINE ORES AND FLUE DUST. 
Abstract from Paper read before the Engineers’ Society of 
Western Pennsylvania, by Henry 8. Mould. 

It is well known that in blast furnace operations metallic 
flue dust exists and that on this account there is a large loss 
to furnace owners. The scarcity and value of lump ore and 
the consequent necessity for using large quantities of fine 
material in the furnace increase the flue dust loss and give 
rise to other dangers and evils that sometimes entail heavy 
property loss and even the loss of human life. 

It is to do away with these evils that briquetting this fine 
material has been resorted tc, and progress has been made 
only through a long succession of failures, owing mainly to 
the difficulty in constructing suitable machinery, and the 
high cost of the bond. Conditions vary widely in different 
regions and with the materials that are to be put into block 
form. The bonding agent that can be successfully used with 
precious metal concentrates or flue dust from the smelters 
cannot be successfully used with anthracite culm, and the 
binder used in briguetting the latter cannot be used in bri- 
quetting iron fiue dust or fine ores. Adjustability of pressure 
is also essential, as different materials require varying pres- 
sure, ranging from 2,000 to 18,000 pounds to the square inch. 

About 1895 the most available machine for briqueiting was 
what is known as an “eggette” machine, which is composed 
of two large rolls, each having an indentation in its face 
similar in shape to half an egg, so placed as to register accu- 
rately and so Gesigned as to allow the eggette thus formed to 
drop onto a conveyor or belt. While the briquettes manu- 
factured by this process were strong enough to stand up in 
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the furnace, there were a number of other difficulties that 
made further experiment necessary before a successful proc- 
ess could be evolved. In the first place, using the ‘“‘eggette”’ 
type of press, so large a percentage of binder was necessary 
that the cost of briquettes was too high. In addition to this, 
the machine as then constructed would not stand the wear 
essential in that class of work. 

One of the more successful of the earlier machines was the 
White mineral press. This was of the disk type, the briquettes 
being formed in 48 molds, all in one piece known as the 
disk. It was found, however, that the briquettes were not 
hard enough to stand the pressure in the furnace without first 
drying; that special auxiliary machinery was required and 
that the cost for repairs was excessive. The gritty nature of 
the flue dust acted as coarse sand-paper or emery on the 
molds and necessitated the frequent purchase of new disks. 
The disks could not be re-ground or renewed; it took three 
men nearly half a day to replace one; a new disk weighed 
1,500 pounds, was five feet in diameter, and cost about $150. 
This heavy repair cost feature had to be eliminated. 

The second machine, patented in 1898, which was believed 
would do away with the faults shown by the mineral press, 
was an entirely new type. Instead of a disk arrangement to 
carry the molds to the point where the pressure was exerted, 
there were six molds placed in a reciprocating press-box, 
into which spring and compression plungers were thrust, 
capable of exerting enormous pressure. These molds are 
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simple in design and can be removed and replaced at a nom- 
inal cost. As they sustained all of the wear, this did away 
with the enormous repair cost essential where an expensive 
disk was used. 

A testing plant was fitted up, one of the plunger type 
presses was installed there and the experimenting went on 
for three years. Binder after binder was tested and careful 
records of each experiment were kept. During this time, the 
process of briquetting in a number of fields was perfected but 
the successful handling of iron flue dust was still beyond the 
grasp of the experimenters. 

A little over a year ago another testing plant was fitted up, 
complete in every detail, with heating and drying apparatus 
so as to show the process of briquetting any fine material. 
The plunger press had been improved in many small details, 
although the principle of the machine remained the same. 
At last a binder was discovered that would hold iron flue 
dust, iron concentrates, or fine iron ores in hard and satis- 
factory briquettes, but it took 12 hours to dry them. After 
a little more experiment and investigation the point was 
reached where a binder and drying apparatus were perfected 
that gave a continuous process for the briquettes from the 
flue dust bins to the finished briquette in cars or storage bins, 
the whole operation taking approximately half an hour, and 
these are now used in the so-called Mould process. 

In attempting to briquette the flue dust it was found that 
the solution of the problem was much more difficult than that 
of the handling of fines at precious metal smelting works. 
One main reason was the fact that the tiny particles of iron 
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flue dust as they are whirled about by the blast are rounded 
until each particle, when seen through the microscope, appears 
as round as a marble. In addition to this, each little piece 
of ore is covered with a greasy carbon coating which seems 
to counteract the effect of a binder. For these reasons, it 
has been difficult to find a binder that would give a briquette 
with all the essential conditions. The difficulties may 
perhaps be better realized when it is known that the re- 
quirements call for a briquette that shall be hard and dur- 
able; waterproof; low in moisture; able to stand long trans- 
portation in open cars; not unduly refractory or liable to 
decrepitate or become dust again; and the binding agent must 
not injure either the lining of the furnace or the quality of 
the iron produced. 

Many striking illustrations of the possibilities of briquet- 
ting processes can be derived from the statistics of ore pro- 
duction. In a blast furnace producing 600 tons of iron a day, 
the furnace burden approximates 540 tons of coke, 375 tons 
of limestone, and 1,085 tons of ore; a total of approximately 
2,000 tons. Assuming that the furnace managers use 80 per 
cent. of Mesabi ore, or 868 tons, and lose 8 per cent. of the 
Mesabi burden in flue dust (and these are under the actual 
figures if anything) what does this mean in dollars and cents? 
It means that every 24 hours the furnace owners are abso- 
lutely throwing away 70 tons of ore. Estimating the value 
of Mesabi ore in Pittsburg at $3.50 per ton, this means that 
the loss in flue dust alone is $245 per day or $89,425 per year, 

And this is not all. There are even greater things that 
can be accomplished by briquetting. In 1901 the total ship- 
ment of ore from the Lake Superior region was 20,589,237 
tons, and of this the Pittsburg district received about 11,000,- 
000 tons, of which about 44 per cent., or 4,840,000 tons came 
from the Mesabi range alone. Exact and careful analysis of 
ore cargoes, however, shows that the ores carry a heavy per- 
centage of moisture. In 1901, from a tabulated list of these 
analyses compiled by the ore agents of the big steel com- 
panies, it was determined that the average amount of moisture 
in the Mesabi output from 52 mines for the year was 10.57 per 
cent. In other words, the manufacturers of iron and steel in 
the Pittsburg district are hauling from Lake Superior, and 
paying freight on 511,588 tons of water. The freight rate 
from the Mesabi range to., Pittsburg is $2.35 a ton. On this 
basis, Pittsburg manufacturers are paying $1,202,231 a year 
for hauling water from the mines. With the use of briquet- 
ting machinery, this waste in freight can be saved to the 
manufacturers. It is quite possible to briquette the fine ores 
at the mines. After first drying the material by driving off 
the moisture and then pressing the fine ore into blocks, the 
raw material can be brought direct to the furnaces in this 
district as lump ore, in briquettes that are waterproof and 
that are abundantly able to withstand the rough usage inevit- 
able in transportation. By this means all of the evils that 
must now be contended with, arising from the use of fine 
ores, can be absolutely done away with. 


CONTINUOUS CURRENT MOTORS FOR MACHINE TOOLS. 
Abstract from Paper read by F. O. Blackwell before the 
American Institute of Electrical Engineers. November 21, 

L902: 

Planers, slotters, milling cutters and many other tools 
need only a slight variation in speed, as the relation between 
the tool and its work is always the same, variation in speed 
only being required for different classes of work—that is, 
for hard or soft metal or for a roughing or a finishing cut. 
Such work does not require more than a 2 to 1 variation, 
while on the other hand, lathes, boring mills and other rotat- 
ing tools may require an 8 to 10 or even 40 to 1 variation, 
necessitated by the varying diameters of the work. For in- 
stance, take a lathe in which is being turned a shaft six 
inches in diameter, to obtain a cutting speed of 50 feet per 
minute, it will require approximately 32 revolutions per min- 
ute of the main spindle, while if the flange of a 48-inch wheel 
was being turned, it would require only four revolutions 
per minute of the spindle to obtain the same cutting speed. 

The common method in use for attaining variable speed 
by means of the electric drive, are rheostatic, field and mul- 
tiple voltage control. 
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Rheostatic control is obtained by introducing resistance in 
series with the armature of an electric motor, the speed being 
reduced in proportion to the power consumed in the resist- 
ance. Therefore, if a constant horse power is desired at the 
tool, a motor when running at reduced speeds receives a re- 
duced potential and requires an increased current. For ex- 
ample: If a motor is running at one-half its normal speed 
it receives but one-half the line potential and requires double 
current. From this it will be seen that as the rheostat is 
consuming practically one-half the power applied, the effi: 
ciency of the combination is less than 50 per cent. This 
method of control is undesirable, not only on account of its 
being very inefficient, but also from the fact that as the load 
decreases the speed increases; and should a man be working 
on a piece of material where the cut takes only part of a 
revolution, the speed will immediately increase, as the tool 
leaves the work, to such an extent that in all probability the 
tool will be burned or perhaps broken when it enters the 
work again. 

By varying the current flowing in the field coils of the 
motor the strength of the magnetic field is changed, and the 
speed of the motor varied. With any setting of the field, 
however, the motor will give constant speed under changes 
of load, and this method therefore avoids the greatest ob- 
jection of rheostatic control. A motor of ordinary design 
will not always permit of any considerable weakening of the 
field without sparking at the commutator; but with a motor 
having small armature reaction a variation in speed of 2 to ], 
can readily be obtained, and when delivering a constant horse 
power the current will be approximately the same at all 
speeds, because the potential across the armature terminals 
is always the same. As the field current of a motor is only 
a small fraction of the total current, the efficiency of this 
method of control is practically the same at minimum and 
maximum speeds; it also allows the use of a much smaller 
controller and renders it possible to get a greater number of 
running speeds than can be economically arranged for with 
any other control. 

Multiple-voltage control is obtained by having several differ- 
ent line potentials to work from. For instance, with the Edi- 
son three-wire system the potential from the neutral to the 
outside wires is one-half the potential between the outside 
wires. There are, therefore, two potentials available, and a 
motor connected between the neutral and one outside wire 
would run at one-half the speed it would when connected 
across the outside wires. <A four-wire system may also be 
used in the same manner, giving various combinations of po- 
tentials, the minimum of which may be about one-fourth or 
one-sixth of the maximum potential. 

Hither of the above methods combined with the field control 
of the motor makes a very flexible system. For example, a 
motor having 100 per cent. field control used on the three- 
wire system will give a speed variation of 4 to 1, or a motor 
having 35 per cent. field control used on a four-wire system 
with potentials of 60, 80, 110, 140, 190 and 250 volts will give 
a speed variation of approximately 6 to 1, or with potentials 
of 40, 80, 130, 170, 210 and 250 an 8 to 1 speed variation, the 
gaps in speed between the various potentials being filled in 
by field control of the motor. 

It has been demonstrated many times that it takes practi- 
cally a constant horse power to remove a given amount of 
metal per minute, irrespective of the rotative speed of the 
tool. Therefore, the main spindle of a lathe taking a %- 
inch cut on a 6-inch steel shaft with a feed of %-inch and 
a cutting speed of fifty feet per minute makes 32 revolutions 
per minute, and takes a certain horse power to drive which we 
will assume to be 15 horse power, and the motor will be 
working on its highest potential or 250 volts. Now, if we 
are using the multi-voltage system with the last-named po- 
tentials above, and should put a 48-inch wheel in this same 
lathe and turn up its rim with the same cut, feed and cutting 
speed, the main spindle would run at about four revolutions 
per minute or one-eighth of the previous speed, but still 
require 15 horse power to drive. With this condition the 
driving motor would have to run on its lowest potential or 40 
volts, and would be consuming fully six times the amount of 
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current it did previously. A motor to be used on the multl- 
voltage system will have to be sufficiently large to carry its 
maximum horse power at the minimum potential, or, in other 
words, at, say, 40 volts on a 250-voltage system, the motor 
will have to be six times too large when working on its maxi- 
mum potential. For this reason it is desirable that we keep 
the lowest potential employed as high as possible in order 
that the size and cost of the motor may be within reasonable 
limits. A potential of 40 or 60 volts requires such large 
conductors, if they are laid out for a small drop, that their 
cost is prohibitive in a plant of any size. If a large drop is 
used, the motor falls off in speed under load and its speed 
regulation under changes of load is little better than with 
the rheostatic control. 

With the three-wire system and a 100 per cent. variation 
in the motor speed by field control, we can obtain a 4 to 1 
total variation which, for general machine-shop work, is 
sufficient to cover a single operation on a given tool. The 
total range, however, on a tool can be increased greatly by 
having a few gear changes. For example, on a back-geared 
lathe with a gear ratio of 4 to 1 a total variation of 16 to 1 
can be obtained. In the same manner on a double-geared 
lathe a variation of 64 to 1 might be obtained. 

The reduction effected by different sets of back-gears on 
machine tools will be found to vary from 4 to 1 to 6 to l. 
All tools can be arranged with 4 to 1 changes between 
back-gears without any difficulty. In many cases a single 
back-gear is sufficient for a tool. By putting a magnetic clutch 
on this back-gear and making the electrical connections in the 
controller, it is possible to get a 16 to 1 variation electrically 
and without increasing the cost of the motor more than 
would be required for a 4 to 1 variation. 

With electrical control a man can keep his hand on the 
controller and his eyes on the tool, increasing the speed from 
time to time. Being limited only by the temperature of the 
tool, it has been found that much higher cutting speeds are 
unconsciously attained with a motor-driven tool than would 
be thought possible were any fixed rule followed. It is there- 
fore apparent that this increased production in many cases 
is so great as to fully justify the installation of an electric 
system, even if there were no other advantages to be secured. 

In conclusion, the author gave it as his opinion that it 
will generally be found best to use motors with field control, 
allowing a total speed variation of 2 to 1 with the two-wire 
system or 4 to 1 with the three-wire system, believing that 
the four-wire system is too expensive for general application 
if the plants employing it are properly designed and equipped 
with large enough electrical apparatus. For reciprocating 
tools a two-wire system will meet all requirements, and there 
are very few rotating tools where it is not better to mechani- 
cally vary the speed for all speed variations greater than 4 
LOM 

The most important consideration in the electric driving 
of machine tools is to make the control of the tool as con- 
venient as possible and arrange the system so as to permit 
small changes in speed, and consequently be able to always 
drive the tool at its highest possible speed and greatest out- 
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NEW OIL TESTING MACHINE AND SOME OF ITS RESULTS. 
Abstract of paper read at the Annual Meeting of the A. S. M. E. 


In this paper Mr. Albert Kingsbury describes a machine 
built by him for the purpose of making comparative tests of 
various kinds and grades of oils. There are two important 
properties in lubricating oils and greases on which their value 
depends—viscosity and body. Viscosity is the property by 
virtue of which the lubricants form comparatively thick films 
between rubbing surfaces, permitting perfect lubrication. The 
effect of the lubricant in reducing friction depends mainly 
upon the “body” or “oiliness.” 

The nature of this property, or combination of properties, 
is not well understood, but it appears probable that it is an 
intensified viscosity in that part of the fluid within the re- 
gion of attraction of the surface molecules of the metal. 

Experiments have shown that the effects of body and of 
viscosity are in nearly all respects diametrically opposite, and 
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that it must necessarily be very difficult to derive reliable 
information regarding the lubricating values of oils from 
friction tests in which the effects of viscosity and those of 
body are not separately recognizable. Under this considera- 
tion, methods of testing which are described in this paper are 
arranged with special reference to the conditions under which 
the effects of either property may be investigated independent- 
ly of the effects of the other. 

In the machine with which these tests were made, the test 
journal has its axis vertical; it is suspended from the spindle 
by means of a flexible coupling and runs between two opposed 
bearings in a cylindrical cup or case, which may be filled with 
the oil to be tested if a “bath” is desired. The load on the 
bearings is provided, by means of a helical spring of 900 
pounds capacity, with screw adjustment and with a device 
for quick application or removal of the load without disturb- 
ing the adjustment. In testing, the suspended parts turn 
freely to a position where the torsion of the suspension wire 
balances the friction at the test journal; and the angle of 
torsion, which may be as great as 270 degrees, is read from a 
graduated disk. The cup and the test journal contained in it 
may be heated as desired by a Bunsen flame. The revolutions 
of the journal are indicated by a counting device. 

For tests involving perfect lubrication (friction due to vis- 
cosity only), the test journal used is 136 inches in diameter, 
of tool steel, hardened, ground and polished. The brasses are 
sectors cut from a ring finished in the lathe, each having an 
are of about 120 degrees and a length of 2 inches. 

A number of curves have been plotted from tests made with 
this machine which seem to verify the deduction that the fric- 
tion is proportional to the viscosity of the oil, and they also 
show the friction to vary roughly as the square root of the 
speed. 

For tests for comparing oils with respect to body or oiliness 
the best results have been obtained by the use of a hardened 
and polished steel journal 14%, inch in diameter, running be- 
tween two brass bearings about 1 inch long; on this small 
journal pressures up to 8,000 pounds per square inch may be 
applied if necessary. In making these tests the oil giving the 
less friction is assumed to have the greater body. The writer 
has not found the order of body values, as determined by this 
method, to vary with the speed or the pressure within a con- 
siderable range. A speed of 50 to 100 revolutions (3 to 6 feet 
per minute), with sufficient pressure to make the coefficient of 
friction only as great as .01 to .03, have been found most 
satisfactory; the pressures being from 500 to 5,000 pounds 
per square inch, according to the character of the oils. 

The results of this method of testing for body agree thor- 
oughly with the principal fact hitherto established with regard 
to body as distinguished from viscosity—namely, that the 
mineral oils as a class have much less body than the animal 
and vegetable oils. For example, in a body test of the mineral 
oil and the lard oil having viscosities 98.9 and 83.7 respec- 
tively, as determined by the Dudley pipette, the lard oil, al- 
though the less viscous, gives very decided evidence of greater 
body, by its much smaller friction. On the other hand, cer- 
tain cylinder oils, wholly or largely mineral, and greatly 
exceeding lard oil in viscosity have also greater body than 
lard oil. 


~~ 


FLYWHEEL CAPACITY FOR ENGINE-DRIVEN ALTER- 
NATORS. 


Abstract of paper read at the Annual Meeting of the A.S. M. B. 


Mr. Walter I. Slichter presented a paper which was writ- 
ten with the object of showing certain considerations which 
must be borne in mind when selecting a steam engine to 
drive an alternating current generator which is to run in 
multiple with another generator or which is to generate power 
for a system in which synchronous apparatus such as syn- 
chronous motors or rotary converters are to operate. 

In a comprehensive manner he discussed the mechanical 
action of the engine when direct connected to the alternating 
current generator and also the allowable fluctuations in speed. 
A displacement of phase in the electric current of 2% de- 
grees from the mean will cause a cross current of about 10 
per cent. of full load current to flow. This value has been 
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more or less generally adopted by the builders of electrical 
machinery as the limit of displacement, if satisfactory run- 
ning is to be expected. To determine a weight of flywheel 
which would limit the displacement to a value approximately 
equal to 21%4 degrees the following formula has been deter- 
mined, based on the unbalancing factors with a reasonable 
increase to allow for overloads: 


Kia See ea02 
S4 
where W = effective weight of wheel, KW —rating of genera- 


tor, S=speed of engine in R. P. M., r=radius of gyration, 
O =a constant as follows: 


We = 


Horizontal Vertical Horizontal 
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crank. compound. compound. 
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While not always giving the most desirable flywheel ca- 
pacity, since it would be impossible to take into account all the 
irregularities of some engines, yet it gives a value suited to 
the various conditions (such as frequency of alternator, style 
of engine, etc.), such that if the engine is reasonably good we 
will get the results desired. If this weight of flywheel does 
not give satisfactory results it would be much better (for the 
electrical circuit) to make such changes in the engine itself 
as to give a better crank effort diagram than to increase the 
weight of flywheel, for a flywheel may easily give trouble by 
being too heavy. 

As changes in the engine, the following are suggested: 

First, as best though most difficult, changing the angle be- 
tween the two cranks. 

Second, changing the proportion of load taken by the dif- 
ferent cylinders, and make the low pressure take more load. 

Third, introduce compression at the end of the stroke to 
take up inertia, particularly in low-pressure cylinder. 

* ES * 
TWO NOTABLE SPECIAL NUMBERS. 

The November 6th issue of the American Machinist and the 
November issue of Cassier’s Magazine, are notable examples 
of the special number scheme in trade journalism. The 
American Machinist special number was issued in commemo- 
ration of its twenty-fifth anniversary and is, of course, 
largely given over to an interesting historical review of 
mechanical progress that has taken place during its lifetime. 
The leading articles were contributed by men who have be- 
come eminent in various branches of engineering. 

The November issue of Cassier’s Magazine is a machine 
shop number, being entirely devoted to articles on various 
phases of this subject. There are 272 pages of reading mat- 
ter and illustrations, and about 200 pages of advertising. 
Among the articles we note: The Multiplication of Cutting 
Tools by Joseph Horner, Electric Power in the Machine Shop: 
by W. M. McFarland, Portable Machine Tools by Forrest R. 
Jones, Limit Gages in the Machine Shop by Wm. H. Booth, 
etc. It is needless for us to say that both of these special 
numbers are of great interest and worthy of the attention of 
every progressive mechanic. 


A writer in the Foundry says that an alloy discovered by 
accident, which resists the action of strong sulphuric and 
hydrochloric acids, hot or cold, and which is only partially 
dissolved by hot nitric acid, has the following composition: 
Lead, 66.89; copper, 11.32; tin, 10.52; antimony, 3.70; iron, 
0.75; silicon, 2.09, and sulphur, 0.53. We assume that parts 
and not percentages, are meant since the sum total is not 100. 
In general it seems best to give such formulas in percentages: 
since typographical and copying errors in the figures may then 
be readily discovered. 

* * * 

In the notice given in the December issue of the death of 
Frederick Alfred Krupp, an obvious error was made in the 
statement of building property area covered by the Krupp 
Works in 1890. Instead of 11,700 acres, it should have been 
117 acres. 
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PINS AND PIN MACHINES. 


EXTRACT FROM UNITED STATES CENSUS REPORT, 1900. 

The invention of the process of wire drawing marked the 
beginning of the modern pin manufacture. The process orig- 
inated in France and Germany, and for two centuries these 
countries monopolized all industries dependent upon it. The 
first man to manufacture brass pins in England was John 
Tilsby, who, in 1626, established a plant in Gloucestershire, 
where he met with remarkable success, and his make of pins 
became famous. By 1636 the industry was so well established 
that the pin makers of London formed a corporation, and the 
trade soon found its way to Bristol and Birmingham, where, in 
connection with other ironwork manufacture, the industry be- 
came localized. In those cities pins were made for some time 
by hand labor. About 1800 William Bundy invented a method 
of heading pins which was the modern process in embryo. 

In 1812 Bradbury and Weaver conceived the idea of heading 
“by means of an automatic machine.” After the shanks were 
pointed and the heads prepared they were put into separate 
hoppers, where a mechanical device placed the shank and head 
into relation with each other. In this position the pins were 
pressed: by screws against dies, which made the head and 
bound it to the shank, when they were withdrawn by hooks 
operated upon by parallels worked by the machine. 

In 1817 Seth Hunt invented a machine to make the pin with 
head, shaft, and point from one piece, but his invention was 
not a success. In 1824 W. L. Wright, an American, a native 
of New Hampshire, invented the solid-headed pin-making ma- 
chine, which entirely revolutionized the pin manufacture. He 
did not have his machine patented in America, but took it to 
England and put it into operation. He formed in London a 
company with a large capital, and built a good-sized factory 
in Lambeth. A plant was fitted up at great expense with 60 
machines, but they were never put into successful operation, 
as they failed-in pointing the pin. Although Wright remedied 
this defect by a supplemental machine, the company did not 
succeed, and suspended operations with a great loss to those 
interested in the enterprise. Fortunately, in the readjustment 
of the company’s affairs the machinery fell into the hands of 
D. F. Taylor, who, by interesting capitalists in the enterprise, 
brought about the formation of a company known as D. F. 
Taylor & Co., which in 1833 put upon the market the first ma- 
chine-made solid-headed pins sold anywhere in the world. 

As early as 1812 the inventors of this country were using 
their energies to construct a machine for the manufacture of 
pins. The first machine made here, which was brought out 
by Moses L. Morse, of Boston, Mass., some time during the war 
of 1812, proved too delicate and intricate to be used to much 
advantage and was soon abandoned. The man who did more 
than any other individual to place the manufacture of pins by 
automatic machinery on a practical and successful basis in 
this country was Dr. J. I. Howe. In 1830 he began his labor 
in this direction, spending some of his time in Europe studying 
the methods employed there, and by the year 1832 he had pat- 
ented in this country, France, and England, a machine de- 
signed to make pins similar to the English diamond pins, with 
heads formed of coils of small wire fastened upon the shank 
by pressure between dies. He brought the business to a suc- 
cessful issue in 1836, when the Howe Manufacturing Company 
was formed in New York and began operations at Birmingham, 
Conn. At first automatic spun-head machines were used, but 
in 1840 they were converted into solid-headed machines. These 
latter machines at first made from 40 to 50 pins per minute. 
They were later improved so that they made from 60 to 70 per 
minute. 

About 1835 Samuel Slocum, an American, obtained a patent 
in England for a machine to make solid-headed pins. In 1838 
he began with this machine the manufacture of pins in Pough- 
keepsie, N. Y. As he never had the machine patented here, 
it was operated secretly for a number of years. Until 1842 
the industry made little progress because of discriminating 
tariffs. In this year, however, a new tariff law went into effect 
which was more favorable to this industry than the previous 
tariff act, and the above-named companies did a very profitable 
business. Led by exaggerated ideas which became prevalent 
as to the extent of the business and the profit made in it, many 
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persons in different parts of the country invented machinery 
for the construction of pins. Attempts in this direction met 
with varying success but the articles turned out were, with 
a few exceptions, inferior, and the market became overstocked. 
In consequence of this over-production, by 1848 all parties en- 
gaged in pin making, except the two old companies at Pough- 
keepsie and Birmingham, suspended operation. In the year 
1850 there were four establishments engaged in this industry, 
and the success attending them led to further improvements 
in the machines. A Mr. Fowler and a Mr. Atwood perfected 
machines to make 160 to 170 pins a minute which, on account 
of their capacity, soon replaced the early machines. 

Following the successful introduction of a machine for mak- 
ing the pins, the next important step was to invent a machine 
that would stick them on paper. Howe and Slocum gave their 
attention to this matter as early as 1840. Dr. Howe invented 
the device for crimping the paper, and this was followed by 
the distributer of Mr. Slocum. The two inventions were com- 
bined and effected a great increase in the number of pins that 
could be stuck on a paper in a day. These devices were im- 
proved upon by Mr. De Grasse Fowler, who invented the 
“goose neck” or “runway.” For.many years the sticking 
machines consisted of a combination of these three devices, 
but more recently machines of various styles have come into 
use that will stick from 500 to 600 packages a day, far more 
than the early combined machine of Howe, Slocum, and 
Fowler. 

The old process of pin manufacture by manual labor was 
very slow and tedious, since each pin passed through the 
hands of from 14 to 18 individuals. The modern pin is made 
in the United States by the improved Atwood or Fowler ma- 
chines. The process of pin manufacture by modern machines 
may be briefly described as follows: Coils of wire are placed 
upon a reel, whence the wire is drawn automatically by a pair 
of pincers between fixed studs that straighten it. A pin length 
is then seized by a pair of lateral jaws, from which a portion 
of the wire is left projecting, when a snaphead die advances 
and partially shapes the head. The blank is then released and 
pushed forward about one-twentieth of an inch, when the head 
is given another squeeze by the same die. By this repetition 
of the motion the head is completed and the blank is cut off 
the wire in the length desired. About one-eighth of an inch of 
wire is required to make a pin head. If the attempt were 
made to upset this with a head in one motion the wire would 
be more likely to double up than to thicken as desired. 

The headed blanks then drop into a receptacle and arrange 
themselves in the line of a slot formed by two inclined and 
bevel-edged bars. The opening between the bars is just large 
enough to permit the shank of the pin to fall through, so that 
the pins are suspended in a row along the slot. When the 
blanks reach the lower end of the inclined bar in their sus- 
pended position they are seized between two parts of the ma- 
chine and passed along, rotating as they move, in front of a 
cylindrical cutter, with sharp grooves on its surface, that 
points the pins. They are then thrown from the machine prop- 
erly shaped, and if they are brass pins they are cleaned by 
being boiled in weak, sour beer. After they are cleaned they 
are coated with tin. This is done by placing alternate layers 
of pins and grain tin in a copper can and adding water, along 
with some bitartrate of potash. Heat applied to this produces 
a solution of tin which is deposited on the surface of the pins. 
The pins are then taken from this solution and brightened by 
being shaken in a revolving barrel of bran or sawdust. Lastly 
the operation of “papering” takes place. This process is per- 
formed now by an automatic papering machine something in 
the following manner: The pins to be stuck are placed in a 
hopper, in connection with which a steel plate is used, with 
longitudinal slits corresponding to the number of pins which 
form a row in the paper. The pins in the hopper are stirred 
up by a comb-like tool, the shanks drop through the slits in the 
steel plate, and the pins are suspended by their heads. Long 
narrow sheets of paper are presented by the operator to the 
action of the machine, by which two raised folds are crimped, 
and the row of pins collected in the slit steel plate is then, by 
being subjected to the same action, pressed through the two 
crimped folds. These operations are repeated until the requis- 
ite rows of pins are stuck in each paper. 
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LETTERS UPON PRACTICAL SUBJECTS. 


A SUGGESTION TO THE APPRENTICE. 


Hditor MACHINERY: 

I wish to make a simple suggestion to the apprentice, which, 
if followed, will be sure to be appreciated in after years. It 
is an almost daily occurrence to hear old journeymen, during 
the noon hour, discussing their various tools, where they 
were purchased and what they paid for them. During one 
of these discussions one of the men was noticed to be the 
center of interest among his shop mates. He had traveled 
over the United States and the Old Country quite extensively 
and one of the men asked him some questions concerning 
some of the places which he had visited. He took from his 
tool chest a small note book which contained notes from the 
time that he started to learn his trade, each place in which 
he had worked, the name of the firm, location, superintendent, 
general foreman, etc. Also the date of entering and leaving 
the place, the wages received, tools purchased, where, when, 
and their cost. It was interesting to see the men gather 
around him and ask him to read some of the notes from this 
book. 

Nothing would please me more than to have one of these 
books of my own but it is a little late in life to start now, so 
I will suggest to the young man starting out, that he keep a 
note book in his tool chest., MACHINIST. 


HOW SHOULD THIS PATTERN BE MADE ? 
Editor MACHINERY: 

Considerable discussion has taken place in our shop regard- 
ing the way in which the pattern shown in the sketch should 
be made. When I came to work in this shop my first job 
was to make a pattern of a cap for a 14-inch journal box. 
The principal dimensions of this cap are given in the drawing 
and it will be seen that while the inside is semicircular the 
outside is elliptical. After carefully studying the drawing I 
decided to saw around the elliptical outside, leaving as little 
hand work as possible, afterwards sawing out the bolt lugs 
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and fitting them to the cap. One of the patternmakers 
thought that this was wrong, in fact was not in keeping with 
good patternmaking. He contends that the lugs should have 
been worked from the solid and claims that all patterns 
previously made in this shop have been made in this way. 
Small bearing caps are, of course, often made from the solid 
but it seems to me that for making so large a cap my method 
was the better. I wish that some of my fellow craftsmen 
would give their ideas on this subject. 
PATTERNM AKER. 


————E 


ONE OF KRUPP’S ECONOMIES. 
Hditor MACHINERY: 

The recent death of Frederick Alfred Krupp reminds me«f 
some of the things I have been told by a German mechanic who 
worked in the great Krupp works at Hssen in his younger 
days. At that time, of course, Alfred Krupp was in authority. 

One of the economies then practiced, was of such a novel 
character that I will describe it so far as I know. At that 
time muzzle-loading cannon were being made. They were 
bored from solid forgings, leaving the breech solid with the 
rest of the gun. Instead of boring them out in the ordinary 
way and converting all the metal removed into chips, a solid 
core was taken out and afterward converted into an axle or 
similar forging. The boring tool was similar to a long hollow 
mill, and cut an annular groove in the gun to the required 
depth of bore. This in itself seems like an incredible opera- 
tion, but the cutting off of the core at the breech seems still 


more so. That it was accomplished without serious difficulty, 
I was assured by my German friend. How the tool was con- 
structed he could not or would not tell. 

Now, it would scarcely be considered good practice to use 
the metal from the center of a forging or steel casting for 
any important purpose, but then conditions were different, 
and possibly Krupp knew how to insure the integrity of such 
product. At any rate it indicates something of the wonderful 
powers of the man chiefly responsible for the development of 
the greatest European industry. ¥. EMERSON. 

Newark, N. J. ; 
DRILLING TAPERED HOLES ON THE RADIAL 

DRILL. 
Editor MACHINERY: 

Some time ago a job of drilling came to my notice which 
I think will interest some of the readers of MACHINERY. In 
a large disk, which formed a part of a machine for making 
mineral briquettes, it was necessary to drill a series of 
tapering holes that increased in diameter as they receded 
from the face of the plate. In the figure, A represents the 
plate and the section shows the taper of the holes which 
were about four inches in diameter at the top. These holes 
were drilled under a radial drill by the aid of the jig shown 
in the cut. The cast iron frame B was firmly clamped to the 
face of the disk so that the center line of the jig coincided 
with the hole to be drilled. The bronze bushing O was held 
by the nut D so that it made a smooth running fit in the 
body of the casting. Through this bushing was drilled a hole 
making the same angle with the axis of the bushing that the 
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Jig for Drilling Tapered Holes. 


sides of the hole were to make with its axis. The boring 
bar E was free to slide up and down in this hole, but the 
key F caused the bar and bushing to revolve together. 
On the end of the radial drill spindle was clamped the 
driving dog, G, the arm of which engaged an ordinary 
lathe dog clamped to the upper end of the boring bar. 
It will be apparent from the sketch that as the bar was fed 
downward the hole would be bored to the required taper. 
Providence, R. I. J. W. PRELL. 


SCREW ARBOR FOR TURNING COLLARS. 


Editor MACHINERY: 

We have as a regular job a large number of threaded collars 
to be made on the turret lathe. Considerable trouble was 
experienced in turning these on a solid arbor, owing to the 
difficulty of removing them when finished. To overcome this 
trouble, the arbor shown on next page was designed combin- 
ing, as it does, the stiffness of the solid arbor and the quick 
action of a split arbor. By the first operation the hole is 
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drilled and threaded and one side of the collar is faced, then 
it is ready to be finished on this arbor. The shank of the 
arbor fits the turret and the front end is threaded to a good 
fit in the collar. Directly beyond this thread is a second 
threaded section, somewhat coarser than the first and left- 
handed. This second thread is sufficiently large to allow 
the hexagon nut to be passed over the first thread. This nut 
is turned on its front end to a diameter slightly below that 
of the collar, in order to give clearance in turning the top. 
As will be seen, the collar butts up against the nut with the 
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Arbor for Turning Collars. 


left-hand thread and remains secure no matter how heavy 
the strain put upon it. When, however, the collar is finished, 
a slight turn of the nut will release all pressure and the collar 
may be unscrewed with the fingers. Before another collar 
is placed on the arbor the nut is returned to its first position 
by bringing the pin F, in the nut, against the screw D, in the 
arbor. This arrangement is necessary in order to use the 
automatic stops on the turret and insure getting all the collars 
of the same thickness. 


Lawrence, Mass. CHARLES P. THIEL. 


AN EXPANSION CHUCK FOR THE SCREW 
: MACHINE. 

Editor MACHINERY: 

We were making hundreds of shells 2144 inches outside di- 
ameter and 1 15-16 inside, on the outside of which it was 
necessary to perform several operations and make them per- 
fectly true with the hole. We were at first perplexed to find 
a way to hold these shells but finally solved our difficulty by 
the adoption of the spring chuck, here shown, which was sim- 
ple and can be used on any screw machine that is provided 
with a wire feed. The body of the chuck, A, is made of ma- 
chine steel and four longitudinal slots extend the full length 
of the portion on which the work is held. When the chuck 
was made these slots were stopped a little way short of the 
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Expansion Screw Machine Chuck. 


forward end, leaving a small tie which held the piece in shape 
while it was being hardened. This was afterward cut through 
with a circular lap. After these fins were cut away the taper 
portion and the part that fits the spindle were lapped out so 
as to be perfectly in line with each other. I then made an 
arbor to fit these holes and ground off the back of the chuck. 

The plunger, C, is made of tool steel, hardened and ground, 
the length being governed by the wire feed so that the quill 
of the machine will act the same upon it as it does on ordi- 
nary collets. The taper on our chuck was 11 degrees on a 
side and it was afterward found that this taper was sufficient 
to cause the chuck to release itself, so that the spring was 
not needed. Should the taper be made less, however, the 
spring would be necessary. B is the spindle of the machine 
and D the quill which forces the plunger into the chuck. 
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After the parts were assembled the chuck was put in the 
machine and by the use of a grinding attachment, held in the 
turret, the portion upon which the work fits was ground and 
then lapped to a good close fit in the holes in the work. As 
these holes were all made to plug gage the chuck worked 
very nicely. In each of the four slots was fitted a piece of 
fiber which kept out all chips and dirt. de Wi Se 


BORING BARS. 


Editor MACHINERY: 

Fig. 1 shows the plan and Fig. 2 the side view of a boring 
bar that I have used with success for both straight and tapered 
work. It consists of a bar, B, whose centers are offset enough 
to bring the eccentric sleeve, S, central with the lathe centers. 
The object in making this sleeve eccentric is to make 
more room for fastening the cutting tool. The bar is splined 
for about three-fifths of its length and a feather, F’, fitting 
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A Convenient Form of Boring Bar. 


tight in the sleeve and sliding in the spline, keeps the sleeve 
from turning on the bar. The cutting tool, 7, is held in place 
by means of the set screw, C. Fig. 3 shows the form of driver 
that is used. The jaws are placed in the slots, DD, Fig. 2, and 
the straight end is fastened in the tool post, like an ordi- 
nary lathe tool. The carriage feed is used to feed the sleeve 
along the bar while the tailstock is set over to get tapers the 
same as in turning work held on the centers. 

I also submit a sketch of a rig for re-boring lathe head- 
stock boxes which “Connecticut” asks for in the September 
number of Macuinery; this is shown in Figs. 4, 5 and 6. The 
headstock is left in its normal position on the lathe bed and 
the plate, K, which is supplied with a cenier, is clamped to 
the back end of the headstock with its center true with the 
lathe spindle, thus forming a bearing for one end of the bar, 
while the other end runs on the tailstock center, L. The 
sheave is securely keyed to the bar and is driven, by means 
of a rope drive, from any convenient line of shafting. If 
desired a pulley and belt may be substituted for the sheave 
and rope. The bar is provided with an eccentric sleeve which 
carries the cutting tool and is prevented from turning on the 
bar by a feather the same as shown in Fig. 2. The sleeve is 
threaded to fit the feed screw for about one and one-half 
inches on the end that the screw enters, and a clearance hole 
is drilled the rest of the way through. Fig. 5, which is a 
section on the line, A B, shows how the toothed wheel, J, is 
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Bar for Boring Lathe Boxes. 


The toothed wheel is rigid on the feed screw 


let into the bar. 
and is turned slightly at every revolution by coming in con- 


tact with a bar held in the toolpost for that purpose. The 
headstock end of the bar is made as shown, for boxes that are 
tapped out on the back end to receive an adjusting screw, the 
reduced size entering the tapped hole. By using a cutting tool 
as shown in Fig. 6, which projects a little beyond the end of 
the sleeve such a box can be bored and also faced. 
Watervliet, N. Y. Ma .H. Baran 
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SCREW MACHINE TOOLS FOR MAKING BOLTS. 
Hditor MACHINERY: 

I had several thousands of the bolts shown at A to make 
from hexagon stock on the screw machine. Three turning 
tools were used and it was found very difficult to keep them 
set so as to always make the corners square and of the cor- 
rect length. So I adopted the method shown in the sketch. 

This method, which is described here, worked very suc- 
cessfully. The bolts were first turned, nearly to finished size, 
with the regular turning tools, as shown at H. On the back 
toolpost of the cut-off slide was mounted the tool holder, B, 
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Screw Machine Tools for Bolt Making. 


in which are set the tools F, G and H. When the bolt had 
been rough turned, as previously described, these tools were 
then run up to a stop and the bolt finished as at A. As these 
tools have but little stock to remove they seldom require 
grinding and therefore save a great deal of time and insure 
accurate work. After the body of the bolt has been finished 
as described it is cut from the bar with the cutting-off tool 
shown at C, which while cutting chamfers the corners, at the 
same time, thus completing the bolt. JAMES P. HAYES. 
Meriden, Conn. 


A HANDY JIG TO HAVE AROUND THE SHOP. 
Editor MACHINERY: 

The photograph shows a tool that we made two or three 
years ago, which does not seem to be generally known or 
used. It has proved of so much convenience to us that we 
think a description may be appreciated by others who have 
similar work to do. As will be seen, it consists of an angle 
plate which is capable of holding studs of different diameters 
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Fig. 1. 


Jig for Drilling Set Screw and Oil Holes. 


horizontally or at an angle. It is used for drilling setscrew 
and oil holes in pulleys, gears and other similar work. The 
studs, five of which are shown in the photographs, range in 
size from 14-inch to 2 inches in diameter. The smaller 
sizes, up to 5-inch, are driven into the backs of the larger 
ones, thus saving the expense of making complete studs for 
these sizes. 

As with nearly all new tools, if a second one were to be 
made it would be different in some respects from the original. 
The objection to the present tool is that the movement of 
the studs is somewhat limited, so if another were being 
built it should be as shown in Fig. 2, in which it will be seen 
that the studs may be set horizontally, vertically or at any 
angle between. Fig. 3 is a dimensioned drawing of one of 
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-ly large flat surface for clamping to the angle plate. 
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the studs, which will give a general idea of their size, al- 
though, of course, the dimensions are varied for the different 
sizes of studs. They are made from stock somewhat larger 
than the diameter of the stud required and are turned with 
as much eccentricity as possible in order to obtain a sufficient- 
For 
work that requires to be held rigidly the studs could be made 
to expand on the same principle that is employed for expand- 
ing arbors or reamers. CorRNEIL RIDDERHOF. 
Grand Rapids, Mich. 


REGARDING LARGE OIL TANKS. 


Editor MACHINERY: 

In your publication Vol. 9, No. 1 for September last, under 
“Notes and Comments” (Engineering Edition) we see it 
stated that what is said to be the largest steel tank in the 
world has been completed at Boston for the Atlantic Refin- 
ing Co., and measures 36 feet high, with a diameter of 90 feet. 
We, in this country, are specialists in the oil tank line, and 
think that you will find the following particulars of current 
contracts which we are executing, of sufficient interest to your 
readers to merit notice in an early issue of your journal. 
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Fig. 2. Base of the Drilling Jig. 


Catalogue page 79 enclosed, shows a view of tanks, 58 feet 
6 inches diameter, by 30 feet high, built and erected for the 
Burma Oil Co., Ltd., also tanks, 64 feet diameter, by 34 feet 
10 inches high, built and erected for the Standard Oil Co., 
of New York. These were installed at Budge Budge, the 
great oil depot for this side of India, and are typical of sim- 
ilar contracts carried out by us in other parts of the coun- 
try. 

Our most important contract at present in progress of ex- 
ecution is for the Standard Oil Co., of New York, and con- 
sists of two steel tanks each 90 feet diameter, by 38 feet 6 
inches high to top of roof. The capacity of each tank is 
considerably over 1,250,000 gallons. The bottom, which is 
double-riveted, weighs 46 tons and is composed of 67 plates 
36-inch thick, maximum sizes rolled being used. In this part 
of the work there are 15,200 rivets. The maximum size of 
plates has also been used for side of tanks, there being 13 
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plates in circumference; the bottom strake is 9-16-inch thick, 
each plate weighing 3,360 pounds. There are 240 14-inch 
plates and 12,500 rivets in each roof, the net weight of rivets 
in a tank being 15,680 pounds. 

For the above and for other oil companies we have, in 
the aggregate, close on 100 smaller tanks actually in hand at 
present, for erection all over India. Each tank is built up 
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from the imported raw material. Our works, we may say, 
have an area of 35 acres—exclusive of our drydocks and saw 
mills. 

Howrah, India. Burn & Co. 

[The item referred to, is in error as regards capacity and 
as being the largest, even in this country. The maximum 
capacity of a tank 90 feet in diameter and 86 feet high, is 
about 34,260 barrels of 50 U. S. gallons, capacity. Mr. H. 
CG. Folger, Jr., of the Standard Oil Co., informs us that a 
number of oil tanks have been constructed in the United 
States to hold 50,000 barrels and some even larger. The very 
large tanks are in the Texas oil fields.—Eprror. | 


METHOD OF MACHINING SLIDE VALVES. 


Editor MACHINERY: 

The economy of milling over most planing operations is 
pretty generally understood, and we are very much in favor 
of the duplex face or butt mill type of machine. The machin- 
ing of an ordinary slide valve is one of the operations for 
which we have lately used the miller. The work was for many 


Fig. 1. Machining Slide Valves, First Operation. 


'years done by planing, and as large numbers were made, suit- 
able fixtures were used so that several could be machined at 
once. They were also done at piece work, so we may infer 
that the planing was accomplished in a reasonable time, one 
and one-half hours being the average. 

The first operation, illustrated in Fig. 1, is to mill the 
edges of the valves at A, it being essential that the edges 
shall be parallel with the exhaust port. 
the valves are placed, one on the top and one on the bottom, 
of the steel plate on which are bosses the same length and 


Fig. 2. Machining Slide Valves, Second Operation. 


width as the exhaust ports into which they fit. This plate, 
bearing the two valves, is then fitted into grooves in the mill- 
ing fixture so that the valves are held with the exhaust port 
parallel with the travel of the machine. In this way the first 
operation is performed on both sides of two valves simultan- 
eously. 

The second operation is to mill the valve stem lug B, Fig. 2. 
The fixture in which this operation is performed is simply an 
angle plate with a groove planed in its face the same width 
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as the valve. In this plate the valve is held by a pair of latch 
clamps which have a spring under them, holding them up 
in position so that but a single turn of the clamping nut is 
required to clamp or release the work. 

The next operation, which is to mill the face, is performed 
in the fixture shown in Fig. 3. This fixture is an I-shaped 
chuck having a row of setscrews on top, along its two 
edges, by which the work is securely held. This is the most 
particular part of the job and the cutters need to be in best 


Fig. 3. Machining Slide Valves, Third Operation. 


condition and the feed must not be forced too much, but in 
this operation eight minutes only is consumed in finishing 
the face of the two valves. 

The fourth operation, which completes the work, is to mill 
cach end at a given distance from the center. This is per- 
formed with an end mill, on an ordinary plain miller, the 
valve being held in the fixture shown in Fig, 4. One valve 
is shown in position, the valve stem lug B being held against 
the stop pin D, while the edge A is held squarely against the 
planed shoulder H. The second valve is held in the other 
half of the fixture in the same manner, so that while one piece 
is being milled another piece is being jigged and the ma- 
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Fig. 4. Machining Slide Valves, Fourth Operation. 


chine need not be stopped until the entire lot is completed. 
The operators on the machines were apprentices in their 

first year, at $1.00 per day, and they completed the lot of 

valves in twenty-nine minutes each. Of course the writer 

regulated the speeds and feeds of the machine, as well as 

the speed of the boy. A. A. AVERY. 
Warren, Pa. 


————— 


ELLIPTICAL GHARING. 
Editor MACHINERY: 

The builders of presses and other machines for the press 
working of metals do not seem to place much value on what is 
called the element of time in the construction of their ma- 
chines. Forming tools, punches and other tools that are used 
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in changing the form of metals, have in most cases the chop- 
ping movement, going down to the work as fast as they go up, 
advancing at the same speed as they recede. A slow move- 
ment of the punch or forming tool is valuable in several 
ways. It prevents sudden strains from injuring the press, 
favors the punches and dies, allows them to be run longer 
without having to be ground or replaced, and ina great many 
cases permits the use of a less expensive metal for the tools. 
During an experience of many years in using and building 
presses, the writer has become strongly attached to the use 
of the elliptical gear. These, while giving the powerful alter- 
nating leverage, the slow advance and the quick return, are 
capable, when properly designed, of furnishing as much or 
as little of the element of time as may be desired. 
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Elliptical Gears. 


The sketches show a pair of elliptical gears in the two 
effective positions and illustrate the slowness with which 
the tool is forced through the work and rapidity with which 
it returns to position for the next stroke. These gears have 
a leverage of about 21% to 1. The large end describes a 
circle, the diameter of which is equal to that of a 53 tooth 
gear, while the small.end moves in a circle whose diameter 
is that of a 21 tooth pinion, No. 1 position shows the rela- 
tion of the gears when the punch or tool is being driven down 
at a rate of 15.85 revolutions per minute. No. 2 position, 
when the tool is being withdrawn from the work at the rate 
of 100.95 revolutions per minute. E. M. LEHMAN. 


Chicago, III. 
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A HOME-MADE T-SQUARE ATTACHMENT. 
Editor MACHINERY: — 

In every draftsman’s daily work he has continually to use 
his triangle at angles other than those found on the regular 
30-60 and 45 degree triangles. For this purpose I have made 
the attachment shown in Fig. 1, which has proved very use- 


x 
IES 
eS 


jl 


Industrial Press, N.¥. 


Fig. 1. A Handy Attachment for the T-square. 


ful in a great number of cases. The base A is made of a 
piece of wood about one-quarter of an inch thick and ten 
inches long. In the center of this base is firmly fastened a 
thin strip of steel carrying at its top the thumb tack B, which 
serves as a pivot for the triangle C. About this pivot the 
triangle is swung into any desired position, after which it is 
held in place by means of the retaining strip D. This strip 
is pivoted to the triangle at # and is held down to the base 
of the attachment by a thumb tack passed through one of 
the holes F, F, F. In this way the triangle may be held 
firmly in any position desired, and it may be easily set at any 
required angle by the use of a protractor. A few of the 
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useful applications of this attachment are shown in ise 
and many others will suggest themselves to the draftsman 
as he becomes familiar with the use of the instrument. 

In constructing this arrangement any 45 or 30-60 triang!e 
can be used and for the strips I employed pieces of an old 
hack saw, but strips of brass or other metal will, of course, 
answer the purpose equally well. A. McA. 


RIGHT AND WRONG WAYS. 
Eiditor MACHINERY: z 

While working in different shops in this country, in England 
and France, various examples of the right and the wrong 
way to do a job have come to my notice and I think that 
some of these cases may be of interest and possibly benefit 
to the readers of MACHINERY. ; 

An order came into the shop one day for a lot of screws, 
about three feet long by two and a half inches in diameter, 
having six threads (or a sextuple thread). The turners were 
on piece work and started cutting them in the usual way, by 
dividing the change wheel into six equal parts and cutting 
thread by thread. One, however, more enterprising than the 
rest, made a gage which was as long as the lead, and had six 
equally divided spaces in it, which were equal to the spaces 
between the threads. Next he got six tools forged and ground 


to the right dimensions and fixed these on the rest so that 
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Fig. 2. Some of the Uses for the T-square Attachment. 


each one would just go into a space in the gage and were all 
in line; then putting in the change wheels, he started the 
lathe and cut the six threads all at once. 

I remember a lot of bolts being made about 12 inches long 
by two inches diameter, threaded at one end, with a hexagon 
head at the other. These were faced up and the centers 
thereby turned off. It was then found best to turn them 
down a little in the middle as they fitted too tightly in the 
holes. It looked as though all those bolts would have to be 
centered again before the turning could be done, so they were 
taken to the lathe man and he was told to go ahead—and go 
ahead he did. He found a short box spanner which would fit 
the bolt head and this he put in the chuck jaws, setting it to 
run true. Next he got a steady rest with two semicircular 
wooden blocks which just fitted the threaded part; these were 
lined with tin to prevent the threads from cutting the wood 
out. Having everything ready he picked up a bolt, put the 
head in the box spanner, and the screwed end in the steady 
rest, started the lathe and put the cut on at once. The tool 
traveling toward the headstock pressed the bolt into the 
box spanner, and so prevented it from working out. One cut 
across was enough to take off the required quantity of metal 
and he finished those bolts in such short time that the fore- 
man would hardly believe his eyes when he saw them turned 
and yet uncentered. 

He was a bit different from the man who, when given some 
left-hand screws to cut, set to work and rigged up the lathe 
to run backwards, turned the tool upside down, and pro- 
ceeded to cut what he thought would be a left-handed screw. 
He must have been considerably astonished at the result. 

A few years ago a hydraulic press had to be moved—it was 
a large one of about 800 tons pressure. The ram was in the 
bottom casting, and the top was held up by four large col- 
umns. The man who had charge of the job went to a lot of 
trouble to get it apart; he got derricks, ropes, blocks, etc., 
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had a regular gang of laborers and, in time, with a lot of 
shouting and bossing he got it to pieces. It was then erected 
in the new place. Lately it was taken down to make room 
for a more powerful machine and a young mechanic was put 
in charge. He didn’t cut off the water pressure first of all, 
then get derricks, etc. No! he took the four nuts off the top 
of the press, put a lot of packing on the press table, opened 
the valve and as the ram went up it lifted the top casting 
clear of the columns. This top was then barred through 90 
degrees and the ram lowered, which let it down between the 
columns. The ram next brought it down to the level of the 
floor and it was rolled away to the crane. Next a crosspiece 
was fixed to the ram table and to the two opposite columns, the 
lower nuts were taken off, the ram sent up, and it pulled out 
the two columns which were allowed to fall to the ground, 
being guided by ropes. In the same way the other two were 
removed. The ram was next lifted up as far as safe and 
secured from toppling over by four ropes, after which it was 
pumped completely out of the hole, the ropes slowly slackened 
allowing it to fall to the ground. The water pipes were now 
disconnected and the bottom casting lifted by hydraulic jacks. 
All this took the mighty force of the mechanic and his laborer; 
no derricks, blocks or special tackle were used; only a few 
ropes, and it was done in about one-sixth of the time it took 
the other man, who had worked hard but did not think. 

That reminds me of a man I knew who had to repair a 
double cylinder engine, and after taking it to pieces and doing 
the necessary repairs carefully put it together, gathered up 
his tools, just started the engine to make sure it was all right, 
and I think he was the most surprised man in that State when 
he saw the engine run—well, but the wrong way. After using 
up a lot of brain energy it dawned on him that the crank- 
shaft and cranks were turned end for end. He was in a nasty 
temper for the rest of the day. 

In placing a steam valve, remember there is a right and a 
wrong way to connect it up. I have known many cases where 
they have been placed upside down. The valve should always 
be placed so as to close against the in-flowing steam, that will 
cut off the steam from the side of the valve where the hand- 
wheel and stuffing box is located, so when the packing gets 
worn it is only necessary to close the valve and repack. If 
the valve is put in the other way it is impossible to pack it 
without shutting off the steam at another valve, which is 
generally inconvenient. 

There was once a steam pump, pumping water to a high 
tank with the inlet pipe at the bottom of the tank. The 
pump did not work well, and the boss, after long considera- 
tion, decided that there was too much weight of water to 
pump against. So he had the inlet pipe removed from the 
bottom, another length joined on, and turned over the top of 
the tank. Thus the water would be pumped over the top and 
run into it. He could never understand why the pump in- 
stead of being better was worse, if anything, after easing(?) 
the load so much. It was a pity he never studied elementary 
hydraulics. 

I have noticed lately there has been a lot of discussion 
about making things theoretically and not practically correct. 
I have seen many cases of this; one was where a drafts- 
man, after using his slide rule and table of “Strengths of 
Materials,’ designed a cast iron hydraulic cylinder for low 
water pressure to be cast with the wall three-sixteenths of an 
inch thick by twenty inches in diameter. It was quite strong 
enough theoretically and did not (or would not, for it was cast 
five-eighths) use much metal. But for all that, he fell a good 
deal in the chief’s estimation. ae 

He was nearly as bad as the draftsman who was preparing 
drawings for some machinery. A brick wall which was to be 
two and a half bricks thick, came between some of the 
parts. A brick is nine inches long and nine inches multiplied 
by two and a half equals twenty-two and a half inches. This 
he put down as the thickness of the wall. He forgot the mor- 
tar, and when the wall was built it was twenty-four inches 
thick, which made such a difference to the machinery that a 
lot of alterations were necessary. 

Mistakes like these are, in my opinion, due to the drafts- 
man not having enough practical experience. The great major- 
ity only just rush through the shops doing patternmaking, 
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machining, and fitting (no molding as a rule) in about a 

year, then they think they have had a good, varied, practical 

experience. Gro. P. PEARCE. 
Williamsport, Pa. 


A FRICTION CLUTCH PULLEY AND THE JIG 
FOR TURNING THE FRICTION SHOES. 
Editor MACHINERY: 

The photograph, Fig. 1, shows a special chuck that is used 
for turning clutch shoes and Fig. 2 shows the friction pulley 
in which these shoes are used. -When the clutch was designed 
these shoes were fortunately made to take up a little less 
than 90 degrees, making it possible to place four in a circle. 
I say “fortunately” because it was not done with that pur- 
pose in view, aS we expected to build a revolving fixture for 
the milling machine and mill them as we are doing with the 
shoes for a smaller size of these clutches. But as there was 
already more milling than our capacity conveniently allowed 
we were compelled to resort to the lathe and, although it is 
not possible to tell whether or not the miller would have 
done the work quicker, it is sure that we are well satisfied 
with the amount of work turned out with this chuck. It is 
fitted to the faceplate with eight dowels, and four capscrews 
tapped into it from the back hold it fast. 

Here let me say a word about dowelling special chucks to a 
faceplate. Some do not like the practice because it impairs 
the “looks” of the faceplate. This is true, in one sense, but it 
is also true that “handsome is that handsome does” and the 


Fig. 1. 


Jig for Turning Clutch Pulley Shoe. 


time saved by dowelling as many as possible of the speciai 
chucks to the faceplate would pay for another if one were 
bound to have one not perforated with dowel holes. When a 
number of chucks have been dowelled to a faceplate it is 
often difficult to find the right holes, even if they have been 
numbered. This is usually caused by numbering too many 
of the holes and using the same number more than once. It 
is neither necessary nor desirable to number more than two ot 
the dowels and corresponding holes for each fixture, as when 
these are found. the rest of them will, of course, drop in. 
When the first fixture is dowelled to a faceplate two of its 
dowels should be marked 0 and 1, two of the next one 2 and 3, 
etc.; there will then be no trouble in finding the right holes 
and the faceplate will look at its best when a large number 
of holes indicate that it has been made “good and useful.” 
The foregoing relates only to that class of chuck that cannot 
very well be made to screw onto the spindle nose in place of 
the faceplate. 

To return to the chuck in question, it is principally different 
from many others in thatneither wrenches nor measuring tools 
are needed in its use. As the four quarters of the chuck are 
identical, but one needs be considered in describing it. The 
fulcrum end of the shoe, having been previously milled with 
straddle mills and drilled, is placed on the stud in the chuck 
and the nut, A, tightened by hand while the other end of the 
shoe is left some distance away from screw B; then, pressing 
the shoe down onto this screw the nut A is “helped along” 
tightening it firmly. Screw B was adjusted when the chuck 
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was made and is not again disturbed. Collarscrew C is now 
unscrewed till its collar touches the back side of the rib on 
the shoe and levernut D is tightened to lock it. This supports 
the shoe against the side pressure of the tool, which is fed 
toward the faceplate. The clutchshoe is now firmly held and 
the tool being adjusted to a setpiece on the chuck, a roughing 
and then a finishing cut are taken. ~The force of the cut 
presses the piece firmly down on screw B and there is no 
tendency to tear away. Although these shoes are to be faced 
with leather it is essential that the outer surface conform as 
nearly as possible to the clutch rim on the pulley. Should it 
fail to fit the rim the leather would engage it at one end 


Fig. 2. Clutch Pulley. 


only and the pulley would be crowded to one side on its 
sleeve and, less surface being in contact, the clutch would not 
drive so well. 

The construction and action of the clutch in which these 
shoes are used is so different from any other that a brief 
description of it may be of interest. In the photograph, Fig. 
2, the pulley has been slipped back on the shaft and the cap 
removed from over the gear to expose the working parts to 
view. A rectangular groove is milled in the shaft and therein 
slides a toothed rack R meshing with gear G. The rack is 
attached to a grooved sliding hub H, which is moved laterally 
in the usual manner by fork F on the shifter rod. Gear G 
has a long hub, one end of which is threaded right and the 
other left hand. The screws SS are held from turning by the 
lockpins JJ, each engaged in a notch of the disks DD, which 
are fast on the screws. When the gear rotates the screws the 
shoes will be either forced outward or allowed to be drawn 
inward by the spring P, according to the direction of rotation. 
When the leather wears away so sliding hub H will reach the 
hub of the clutch before the shoes are expanded sufficiently, 
the cotterpins passing through lockpins IJ are withdrawn, and 
the expanding screws SS may be turned to another notch and 
again locked. This adjustment is readily made without the 
aid of any tools. It, however, needs be made but very seldom 
as the latter is very durable when in contact with metal and 


the old story of a rawhide lace-leather hanging over a line-— 


shaft and wearing it in two is not entirely without founda- 
tion. 

When these clutches were first designed there were some 
doubts concerning the enduring powers of leather, so, as 1 
preferred leather to wood or fiber, a preliminary test seemed 
advisable. A countershaft for a lathe being equipped with 
a pair of clutchpulleys its shifter rod was connected through 
a bellcrank to an improvised crankpin on the faceplate of 
another lathe and when it had been reversed considerably 
over one hundred thousand times under a heavy load the 
leather was found to be reduced one-hundredth inch in thick- 
ness. This was some eighteen months ago; the countershaft 
has been in daily use since and there appears to be several 
years of service left in the leathers. The principal beauty 
of this clutch is the very small effort required to operate it, 
as the clutchshoes are actually screwed into contact with the 
clutch rim so that with the tip of the little finger at the shifter 
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lever the clutch may be engaged tight enough to slip the 
belts. 

Although designed primarily for use on friction counter- 
shafts for machine tools its good points have introduced it in 
other establishments and even in woodworking shops it is 
preferred to the common tight and loose pulleys. Some of 
them used at woodworking shops are running at 800 to 1,100 
turns per minute, a speed reached successfully by very few 
friction clutches. CoRNEIL RIDDERHOF. 


PATTERN FOR AN OBLIQUE CHUTE. 
Editor MACHINERY: 

Pattern makers occasionally meet with problems that are 
exceedingly perplexing, especially to those who have neglected 
the study of geometry; moreover such problems are often 
by no means easy to solve even by those fairly informed 
in that science. Fig. 1 shows the pattern which is the subject 
of one of those problems. A cast iron chute rectangular in 
section is required to pass in an oblique direction through a 
brick wall 1714 inches thick. It passes through at an angle of 
35 degrees with the perpendicular and 45 degrees with the 
face of the wall. As the illustration shows, the chute emerges 
from the wall with its sides parallel with the vertical joints 
of the brick work, but its top and bottom are oblique to the 
horizontal joints of the wall. This obliquity results from the 
combination of angles and the rectangular section of the 
chute. There are several ways of determining the length of 
the pattern and the angle of its ends in such a case, and two 
of these ways will be described. “ 

In order to obtain the proper dimensions and angles of the 
pattern it is advisable to lay down full size the necessary 
views, as illustrated in Fig. 2. First draw the plan A, making 
a equal to the thickness of the wall and b equal to the base 
of the required triangle horizontally. In this case the hori- 
zontal angle being 45 degrees makes both sides of the tri- 
angle 1714 inches. Draw the line d parallel with the hypote- 
nuse c and make the perpendicular distance between the 
two lines equal to the external width of the chute, 14 inches, 
and extend d to e. Draw the side elevation B equal to the 
thickness of the wall, making the line f 35 degrees with the 
perpendicular. Project a line from g toward h and extend it 
indefinitely. Project the point i toward k and extend it in- 
definitely. Project the point 7 and intersect 1 k at k; connect 
km, this line will give the angle of the chute through the 


Fig. 1, 


Pattern for an Oblique Chute. 


wall when viewed in front elevation. Project the point e, 
and intersect the line gh at h. Project the point m toward 0 
and extend it indefinitely. From the point h draw the line h » 
parallel with mk intersecting no at o, connect ko and the 
length of the line so formed will equal the length of the an- 
gular side on the top and bottom of the chute at its ends. 
So far while we have arrived at the width of the chute, also 
the angle of the ends on the top and bottom, there is no 
line that gives the actual length of the chute, because to ob- 
tain that it is necessary to have a view from a point per- 
pendicular to the side; the side being obliquely viewed in 
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that which has been drawn. The actual length of the chute 
through the wall is the diagonal line, or hypotenuse of the 
angle whose sides are the line f and the length of the thick- 
ness of the wall g. Draw q@ perpendicular to the end of f 
making the length equal to the thickness of the wall, connect 
the extremities of f and q and the hypotenuse r will equal 
the actual length through the wall, and between the flanges 
of the chute; this line also furnishes the basis for obtaining 


pattern complete except the core box, which is a plain rect- 
angular one, is shown at the left in Fig. 1. 

To begin the pattern a box or core print whose cross sec- 
tion equals that of the interior of the chute, is built up of 
one inch material; the length of the print is sufficient to allow 
bearings for the core beyond the flanges at each end. Upon 
the print the length and angles of the pattern are lined off 
and the thickness for the metal planted on in conformity 

with the lines. Where the thickness 
forms undercuts, as at one end of the 
sides, the undercut pieces are made to be 
drawn separately from the body of the 
pattern; they are secured in place by 
draw pins. After the thickness is com- 
rs ee pleted the flanges at the end are fitted to 

OF the pattern and secured by draw pins; 
they remain in the sand and are drawn 
after the body of the pattern has been 
lifted from the sand. 

Another way which the writer has often 
used with great advantage and unvarying 
success in working out difficult problems 
of this character, is to make a wood model 
to a convenient scale and develop the 
object from it. He would especially 
recommend this method where a number 
of different angles are involved, because 
it enables one to comprehend the problem 
more readily by having the chief features 
of the object under view, thereby impress- 
ing them more deeply on the mind and 
making mistakes less liable. 

Fig. 3 shows a model of all that is 


B necessary to solve the present problem, 

THICKNESS and in making the pattern it would save 

OF WALL tenfold time spent in making the model, 

It is not necessary that such models 

- a7 should be very elaborate, but accuracy is 

if ERONTAELEYATION _ pan Ase sed: : absolutely essential. It so happens in this 


Fig. 2. Development of Pattern for Oblique Chute. 


the angle of the ends of the chute on its sides. With the 
length of the line r intersect gh at s and ik at t, and draw 
tu parallel with no. Draw v parallel with r making the 
perpendicular distance between the two lines equal to the 
external thickness or depth of the chute. Let v intersect 
tu at u, the length tw will then equal the depth of the end 
of the chute where it emerges from the wall, and the angle so 
formed will be the angle of the ends on the side of the 


Fig. 3. Wooden Model for Oblique Chute Pattern. 


chute. Project and make kw equal to tu; from w draw 2 
parallel with ok intersecting no at y, and the rhomboid so 
formed by ko and wy will be the figure of the end of the 
chute, minus the flange, when viewed perpendicular to the 
end, as it emerges from the wall. Having determined the 
most important part of the problem, and proper length and 
angles for the pattern, its construction is not difficult. The 


case that the angles of the ends of the 
chute agree with those with which it 
passes through the wall, 35 degrees and 45 degrees, or so near 
to them that they answer practical purposes; but this result 
does not follow as a rule for any combination of angles. 
A problem of the foregoing character was once submitted 
to the writer after its solution had baffled the efforts of 
several excellent draftsmen for a number of days, and he 
solved it with the aid of a model, which required less than 
two hours to make. 


Washington, D. C. I. McKim CHASE. 
* * * 


British engineers quite properly take pride in the durability 
of their machinery. They intimate that the American habit 
of scrapping machinery long before it is worn out, is a trick 
to deceive, and that such machinery is scrapped because it 
actually had to be, to prevent deterioration of the product. 
This is, of course, untrue, but it is true in many cases that 
American design is not as durable as it should be. This 
fault, however, is being generally corrected without going to 
the British extreme. A great ado has recently been made 
in England over the record of a Stephenson locomotive that 
was put in commission in 1822, and, at last reports, was still 
running. Such durability is of an extremely expensive kind, 
as we have time and time again demonstrated in the operation 
of American railroads—railroads that have the cheapest 
freight rates in the world. The old engine had been rebuilt 
so that little if any of the original remains. As to dura- 
bility, which appeals to the practical American engineer, any 
mentioned by Mr. J. Davidson in a paper read before the 
Liverpool Engineering Society, is a good type. He referred 
to a Willans engine that had run five years in which time 
its crankshaft had made 535,000,000 revolutions. The cross- 
head pin was found to be worn in one part only .002 inch, 
and the connecting rod brasses had worn only .02 in the five 
years of service. Such a condition indicates good design, 
first-class fitting and excellent care on the part of the operat- 
ing engineer. 
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CONTRIBUTED NOTES AND SHOP KINKS. 


BORING TOOL HOLDER. 

E. M. Burgess, Springfield, Ohio, sends a sketch of a holder 
for inserted cutters to be used in boring in such close quar- 
ters that a setscrew placed on the end or side of the holder 
would be in the way. This holder has a hole running from 
the back end into the tool channel, the hole being tapped 
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at its outer end for the setscrew A. A piece of tool steel B 
with its end beveled and toothed extends from the setscrew 
up to the tool which it clamps firmly. The end D being 
solid can be made considerably thinner than if it was drilled 
and tapped for a setscrew. 


CENTER REST KINK. 

Referring to the “kink” in the October MACHINERY, rela- 
tive to setting work in the center rest, A. GC. Muff, Los Angeles, 
Cal., writes: My method of doing this is to bore out the 
center rest to the nearest even dimension, using a boring 
bar held on the lathe centers. Then, when a shaft or other 
piece of work is placed in the rest a pair of inside calipers 
is set to the difference between the diameter of the shatt 
and the bore of the steady rest, and by measuring from the 
bore the work is very readily brought to a central position. 

At our shop we have eight lathes, ranging in size from 
8 to 48 inches, and on none of these was the center rest 
bored out when it was received from the factory. Within a 
short time I have bored out center rests made by several 
different lathe builders, and each time I was surprised to 
see how universally negligent builders are in the construction 
of this part of the lathe. Not only were these rests left 
in the rough, but some of them were about a quarter of an 
inch eccentric. Also the guides for the jaws were not milled 
accurately and the jaws, when set for small sizes, presented 
different faces to the work than when set at their largest 
capacity. 


LINING UP THE TAILSTOCK. 

E. M. B. sends a “kink” for lining up a tailstock after it 
has been set over for taper turning. Select a perfectly 
straight and true arbor and put it in the centers of the lathe. 
Then put a punch mark in the side of a lathe tool, near the 
back end as at A. This tool is put in the tool post so that 
it is approximately parallel with the arbor and so that the 
punch mark is about on a level with the centers. Placing 
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one end of an inside micrometer caliper in the punch mark, 
measure the distance from the tool to the arbor when the 
carriage is close to the headstock. Run the carriage down to 
the other end of the arbor and adjust the tailstock to the 
micrometer. By repeating this operation two or three times 
the centers can be lined up in a very few minutes. 


WINDING SMALL SPRINGS. 

A. GC. Muff, Los Angeles, Cal., describes an ingenious and 
simple way for winding small springs in a vise. In the first 
place a rod.of the diameter of the inside of the spring is bent 
to form a crank and a small hole drilled in one end to hoid 
the wire while being wound. This rod is placed at one side of 
the vise, as shown in the sketch, and one end of the wire 
passed through the hole in the end while the other is led up 
through the copper jaws of the vise, which are set so as to 
make an easy fit for it. To get the proper pitches a piece of 
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metal, A, the width of which equals the required distance 
between two coils of the spring, is bent to a half circle at one 
end while the other is left long, forming a tail. This is 
hooked over the mandrel at the point of bending and feeds 


SIDE VIEW OFA 


Industrial Press, N. 2, 


it along at the desired pitch while the tail strikes against 
the vise and is thus prevented from turning. When no drill: 
is at hand for drilling the hole in the end, a slot may be filed 
to answer the same purpose. In this manner the writer 
has been able to wind all kinds and pitches of springs when 
doing repair work miles away from a lathe or any tools other 
than a vise and file. 


PULLING A TIGHT KEY. 

James F. Willey, Jeffersonville, Ind., in sending in a “kink” 
says: An aged blacksmith once told me that the best “kinks” 
could be learned from workmen of very ordinary ability. 
Whether this be so or not, the one which is here illustrated I 
saw used by a man whose reputation for quick wit greatly 
exceeded his skill as a mechanic. He wished to remove a 
tight key for a pulley on the end of a shaft and the way he 
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did it is shown in the sketch. With a lathe dog a hexa- 
gon nut was clamped tightly against the projecting end of 
the key and a setscrew was then turned through the nut. 
The end of this screw bore against the hub of the pulley and 
as it was turned it raised the nut and consequently drew the 
key with it. 


A REAMER KINK. 

Charles F. Brandon, Hartford, Conn., sends the following, 
reamer kinks regarding which he says: They would probably 
be out of place for a first-class tool job but for ordinary work 
they are frequently very handy. It is often required to ream 
a hole slightly larger than the size of the reamer at hand. 
To do this we employ a piece of drill rod about 1-64 inch 
larger in diameter than the depth of the reamer flutes and 
long enough to extend through the hole and project a few 
inches on either side. This rod is thoroughly lubricated and 
inserted with the reamer in the hole. The reamer is operated 
in the ordinary manner and the rod crowds it to one side 
sufficiently to cause it to cut the hole slightly large. Should 
the enlargement not be sufficient a larger rod may be used 
or two rods may be put in flutes near together. 

A reamer that has become slightly dulled. may be sharp- 
ened without grinding by the use of a piece of Stubs’ drill rod 
1% to 44-inch in diameter, depending on the size of the ream- 
er. One end of this rod is hardened as hard as possible and 
this is inserted in the flutes with the side pressed firmly 
against the cutting edge of the blade. This is slid up and 
down a few times against each blade and has the effect of rais- 
ing a slight burr on the blade which causes it to take hold 
well and to cut a smooth hole. 
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JIG FOR GRINDING A CHISEL. 

Woodworker writes: Patternmakers and woodworkers 
who grind chisels, plane irons, etc., in the old way by holding 
them on the stone as shown at A will find the little jig, for 
holding them as at B, to be a great convenience. The two 
pieces, C and D, are screwed or nailed together and braced 
by the bracket EH. Then the piece C is beveled to give the 
proper angle to the edge of the tool. The fixture is fastened 
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to each side of the grindstone trough by the bolts F and a 
series of bolt holes is drilled through each flange of the 
trough so that the jig may be moved in as the wheel is worn 
down. With this attachment the writer has ground trim- 
ming knives as accurately as could have been done on a 
special emery grinder. 


JIG FOR DRILLING COLLARS. 

C. H. Rowe, Lynn, Mass., sends the sketch of a jig which 
he has used with much satisfaction for drilling setscrew 
holes in collars. The collar @ is held in position by means 
of the three locating pins D, D, D, and the swinging clamp 
HE. In order to place a collar in position for drilling, the strap 
is swung to one side about the hand screw G. When the 
collar has been put in place the clamp is swung back and in 
doing so its motion is limited by the pin F, which brings 
it to a stop directly over the collar. At the top of the jig is 
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a bushing B through which the drill is guided. When the 
outside diameter of the collars is likely to vary, the pins 
D, D, D, may be replaced by a central pin, L, Fig. 2, and 
the collar held on this while it is being drilled. 

* * * 

The great Forth cantilever bridge in Scotland with its two 
spans of 1,710 feet each, has the longest single spans in 
the world. It is one of the world’s long bridges, being 
9,000 feet long. The Tay bridge is the longest great bridge, 
having a total length of 10,780 and following that is the Ohio 
River bridge at Cairo, Ill., with a total length of 10,560 feet. 
The new Manhattan bridge now building across the East 
River will come next with a length of 9,230 feet. The dis- 
tinction of having the longest span will soon be taken from 
the Forth bridge, however. A bridge is to be constructed 
across the Strait of Canso between the mainland of Nova 
Scotia and Cape Breton, which will have a clear span of 1,800 
feet. Its estimated cost is $5,000,000. 
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DIFFERENTIAL INDEXING. 


METHOD OF INDEXING EMPLOYED ON BROWN & SHARPE 
MFG. CO”’S UNIVERSAL MILLING MACHINES. 

This method of indexing is much simpler than the com- 
pound method heretofore employed for obtaining divisions 
that are prime numbers and others not obtainable with the 
regular index plates. The indexing is obtained in the same 
manner as for plain indexing excepting that the spiral head 
spindle is geared to the index plate. It differs from com- 
pound indexing in that the movement of the crank at each 
indexing is positively modified by the plate, which is geared 
to the spiral head spindle and moves whenever the crank is 
moved. The differential motion is thus obtained, allowing 
the indexing to be made with one circle of holes and the 
index crank turned in one direction the same as in plain in- 
dexing. This enables spacings to be made that cannot be 
obtained with an index plate locked in the usual way with 
the stop pin. In the compound method, it is necessary to 
exercise great care, aS two circles are employed and it must 
be constantly kept in mind as to the direction in which the 
crank is to be moved, right or left. In the differential 
method, however, there is little opportunity for error, as the 
index crank is moved the same as in plain indexing, it be- 
ing only necessary to place the proper gears in position, as. 


Fig. 1. 


Indexing for 319 Divisions. 


indicated by the table which accompanies the machine. This 
table is made up to include both plain and differential index- 
ing and avoids the necessity of two separate circles. It gives 
all divisions from 1 to 360 and the proper change gears and 
instructions as to placing them. * 

As an illustration of the principle of the differential method 
of indexing, assume the index plate and spindle to be geared 
together in the ratio of one to one. The plate will then turn 
once while the spindle turns once. Therefore, if the plate 
turns in the same direction as the crank, and the crank is 
turned enough more than a complete revolution at each in- 
dexing to have the crank pin go into the same index plate 
hole, it will be readily seen that one turn of the crank will 
be in consequence of having followed the plate while the 
spindle has made one turn, Hence, the worm will have turned 
40 turns in 39 indexings, which is equivalent to obtaining 39 
divisions with equal gears and using only one hole in the index 
plate, the regular spacing number being 40 turns of the worm 
to one of the spindle, If the regular spacing number were 
60, it would be possible to obtain 59 divisions with the equal 
gears. 

The use of two idlers with the equal gears will rotate the 
index plate in an opposite direction. to the crank. In this 
case, the crank, in making 40 complete revolutions, will 
meet the same hole in the index plate 41 times, thus obtain- 
ing 41 divisions by bringing the crank to the same hole in the 
plate at each indexing. It will, therefore, be readily seen 
that with only one hole in an index plate, it is possible, by 
gearing the index plate to the spindle in a ratio of one to one, 
to obtain 39 divisions with one idler and 41 with two idlers. 
With one idler, the spacing number is changed to 39 and it is. 


* This table is reproduced in the data sheet accompanying the Engineer 
ing Edition of this month.—EDITOR. 
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possible to obtain divisions equal to 3 x 39 with a circle of 3 
holes, or 4 x 39 with a circle of 4 holes, etc. With the same 
gearing and two idlers, the spacing number is changed to 41. 
Any division not obtainable with the index plate can, there- 
fore, be made up with proper gearing. 

To explain this method further, the following examples 
are given: 

Required: 59 divisions, no index plate with 59 hole circle 
being at hand. First, set the indexing for 60 divisions, which 
is 2-8 turn of the crank at every indexing. With 59 index- 
ings, therefore, there will be obtained 391-3 revolutions of the 
worm, lacking 2-3 turn of the 40 required for one complete 
revolution of the spindle. With the proper gearing, 2-3 turn 
can be made up, the gears in this case being 48 on the worm 
and 32 on the spindle, with one idler. This will give the 
59 divisions required, or with two idlers, 61 divisions can be 
obtained. 


Fig. 2. 


Indexing for 177 Divisions. 


In gearing the index plate to the work spindle, it is neces- 
sary sometimes to employ compound gearing, Fig. 1. As an 
illustration of this method of gearing, take 319 as the num- 
ber of divisions required. First, select some number of divi- 
sions that can be obtained with any index plate furnished 
with machine; for example, 290, which would require a plate 
with 29 hole circle, using 4 holes at each indexing, 4/29 turn 
of the index crank. Indexing 319 times, 4/29, the worm will 
pe turned 44 times, this being 4 turns more than the 40 re- 
quired for one complete revolution of the spindle. 4—the 
number of turns that the plate should make to one turn of 

3x 4 

It can be expressed in the form, ———; 
IES? 

324: ae ALS 


multiplying the first turn, - x —, and the second, — < —, the 
24 33 Ny 


the spindle, and 


72 < 64 
expression becomes — 
24 x 48 


resent the teeth of available gears, the gears, 72 and 64, being 
drivers, 24 and 48 driven gears. %ne proper arrangement of 
these gears is found by referring to the table. Gear on 
spindle, driver; gear on worm, driven, or the follower. The 
first gear on the stud is a driver, which drives the worm 
gear. The second gear on the stud is a follower, being driven 
by the spindle gear. A collar is provided for use on the 
spindle to locate spindle gear. In some arrangements of the 
gearing, this collar is placed outside of the gear next to the 
nut and in others, back of the gear. For example: in com- 
pound gearing, it is placed back of the gear, bringing the 
gear out against the nut; and in simple gearing, many times 
it is necessary to place this collar back of the gear, for the 
reason that the gear may be so large that it will interfere 
with the gear of the worm sleeve. An example of this is 
shown in the gearing for 176 teeth. In this case there are 
two 24 tooth gears on the stud, making the gearing appear as 
if it were compound; but the two 24 tooth gears really act as 
a single idler, as they are on the same stud. 

Spacing for One-Quarter Degree.—To space for 4 deg., or 
1,440 divisions, first try an indexing of 1/33, which will give 
a spacing of 1,320. It is sometimes found convenient to mul- 
tiply the difference between the spacing required and the as- 


. The terms of this fraction rep- 
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sumed number of spaces by the assumed indexing, which 


gives the gear ratio direct. Thus, the difference between 
120 
1,440 and 1,320 is 120, which, multiplied by 1/38, equals —— 
33 


the required gear ratio; that is, there are 120 spaces to gain. 

One spacing being 1/33 of a turn of the index crank and 120 
120 

spacings required, —— is the number of turns of the index 
33 

120 40 

— equals —. 

33 11 


crank to one turn of the spindle. In order to ex- 


press this ratio in a form that will permit the use of avail- 


40 200 
able gears, it is necessary to reduce it as follows: — equals —, 
11 


which can be compounded into Muitiplying the first 


Dex wel 
Sao 64 255 4) 100 
term, — x -, the result is—; and the second term, — KX -=__, 
ge 40) dale Saki Ald! 
64 x 100 
and the ratio, or train of gears, becomes alm order 
Ox 44 


to gain the required number of indexings, one idler is re- 
quired to reverse the index plate in relation to the move- 
ment of the crank, which, combined with the compound gear 
stud, gives the effect of two idlers, for the reason that the 
gears on the stud act as one idler. The gears, 64 and 100, are 
drivers, and those with 40 and 44 teeth respectively are fol- 
lowers. 

Fractional Spacing.—As illustrating this application, as- 
sume that it is required to space a Vernier to read to 1-12 
of a degree or 5 minutes; the Vernier to be used in connec- 


Fig. 3. 


Indexing for 169 Divisions. 


tion with a scale divided to degrees. Usually the method 
adopted to accomplish this is to have the Vernier spaces oc- 
cupy a distance corresponding to 11 degrees and to divide 
this into 12 parts or spaces, which may be expressed as fol- 
lows: 


11 11 
—- +12 ———, which is equal to one space. There would, 
360 4320 
4320 
therefore, be ——— spaces in the whole circle, or 392811 di- 
alat: 
visions. Indexing of 1/9 or 360 gives the difference between 


392 8-11 and 360 or 32 8-11 indexings to be obtained with the 


360 


gearing. 32 8-11— —— indexings, which, multiplied by the 
11 


300 nels eA) 
value of one indexing, 1/9, gives —- x —- = —, the resulting 
11 Orang! 
200 64 x 100 
gears will be —— or —, one idler being required. It 
55 40 x 44 


will be noted that the gears called for in this example are 
the same as those used in the one just previous. 

This method of indexing has been applied to all of their 
universal milling machines by the Brown & Sharpe Mfg. Co., 
to whom we are indebted for the above description and photo- 
graphs. ; 
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ITEMS OF MECHANICAL INTEREST. 


Stud Setter—Cutting Odd Worms—High Pressure Piston Pack- 
ing—Magnetic Attachment for T-square and Draw- 
ing Board—Spindle Boring Machine. 
STUD SETTER AND EXTRACTOR. 

An English stud setter and extractor of somewhat novel 
construction was described in a recent issue of the Mechani- 
cal World. It can be used both for setting studs and for 
removing them. Broken studs can be removed provided 
5-16-inch grip is available. This, of course, applies only 
when the studs are not “seized” or rusted fast, but are 
merely broken off in such way that a grip cannot be taken 
with ordinary tools. A socket A, provided with a square # to 
take a tap wrench, is placed over the stud to be removed. 


Fig. 1. 


Device for Setting and Extracting Studs. 


The sliding wedges B B are then pressed in equally until 
their serrated edges are in contact with the stud, when by 
turning the tool by the aid of a wrench the stud is ex- 
tracted. The stud is removed either by a pipe wrench, or 
by placing it in the vise and turning the tool in the reverse 
direction. To change the tool to a stud fixer, the cover- 
plate C is removed, the pins D, D, which are loose in the 
wedges, pressed through to the other side, the wedges in- 
serted in the reverse position, and the coverplate replaced. 


METHOD OF CUTTING WORM OF ODD PITCH. 

Under the heading “Workshop Practice’ in a recent issue 
of Feilden’s Magazine a description is given of the method 
followed in replacing a worm when it was found there were 
no change gears to the lathe that would permit its being 
cut. The new worm casting was bored and keyed on a man- 
drel along with the old worm. A double-ended toolholder 
was clamped to the cross slide of the lathe. Into the left 
end was fitted a cutter for chasing the new worm and into 
the other end was fitted a steel guide filed to fit the old 
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Fig. 2. Cutting Worm or Odd Pitch. 


worm, the idea being to make the old worm give the neces- 
sary traverse to the lathe carriage for cutting the new worm. 
All this is clear in the accompanying cut. The steel guide 
projected 44-inch further than the cutter when starting the 
cut; as the successive cuts were taken, the cutter was ad- 
vanced in the toolholder without moving the cross slide. 


HIGH-PRESSURE PISTON PACKING OF ENGLISH DESIGN 

Apropros of the articles that appeared on pistons and pack- 
ing rings in the July and December, 1902, issues, we repro- 
duce from London Engineering a short description of Down- 
ie’s piston packing for high-pressure steam engines, which 
is in use in some large marine engines, both for the main 
pistons and for the piston valves. The packing consists of 
two rings placed side by side in one groove, which is turned 
wider at the bottom than at the top. The rings are faced flat 
on their opposing faces and conical on the piston and junk- 
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ring faces. They are cut and sprung into place so as to 
“break joints.’ The object of the inclined upper and lower . 
faces is to prevent undue pressure on the cylinder walls be- 
cause of the steam pressure. By regulating the distance 
between the junk-ring and the piston, the diameter to which 
the rings can expand can be controlled. In fitting the rings 
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Fig. 3. Piston Packing Ring for High Pressures. 


a little slack is allowed so as to let the rings wear to the 
cylinder, after which it is claimed they remain tight, the 
slight wear that takes place on the conical surfaces being suf- 
ficient to keep them full bore. The grooves shown in the 
sides of the rings, are evidently for “water packing.” 


DRAWING BOARD AND T-SQUARE WITH MAGNETIC 
ATTACHMENT. 


An English novelty in drafting room appliances, is a T- 
square having a number of small horseshoe magnets mounted 
in the head and so arranged that their poles come in con- 
tact with an iron strip attached to the left-hand end of the 
board, the idea being to hold the T-square to its right-angle 
position, by magnetic attraction alone. This, of course, al- 
lows the draftsman to use both hands at his work more ad- 


Industrial P.ess, NY. 
Fig. 4. Drawing Board and T-square with Magnetic Attachment. 


vantageously. The magnets are said to oppose little resist- 
ance to movement of the blade to any position parallel with 
its normal position, but considerable force is required to dis- 
place the blade from its right-angle position. A drawing 
board with this attachment may be used in a vertical, slop- 
ing or horizontal position with equal facility. 


STENCILING COUNTERSHAFT SPEEDS. 

Extensive additions are being made to the Juniata Shops 
of the Pennsylvania R. R., at Altoona, Pa., and many new 
machines are being installed. Mr. A. Timm, general foreman 
of the machine shop, writes us that they have been consider- 
ably troubled by the neglect of machinery houses to give the 
speeds at which the countershafts for various machines re- 
ceived from them, should run. The machines received direct 
from the manufacturers, are usually accompanied by a blue- 
print or letter giving the proper countershaft speed, and the 
same information is sometimes given in their catalogues. 
But the machinery received at these shops from machinery 
houses, has, in all cases, lacked this quite necessary informa- 
tion. Hight small machines were received from one house 
in one week, and not one of them was accompanied by the 
countershaft speed. Of course it is a simple matter to calcu- 
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late the countershaft speed when the spindle speeds are 
known, but this all takes time and is entirely unnecessary 
labor. Mr. Timm suggests that machinery builders generally 
adopt the practice of stenciling, on the countershaft for each 
machine, the proper speed at which it is to run. This should 
make a record of sufficient permanence to insure its reach- 
ing the customer, even if the machine has passed through a 
machinery house. 


A MONSTER LEATHER BELT. 

An exceptionally large leather belt has been put into place 
at the power house of the Twin City Rapid Transit Co., at 
Minneapolis. It was supplied by 
the W. S. Nott Rubber Company of 
that city. The belt is 100 feet long, 
weighs 2,000 pounds, is 80 inches 
in width and three-ply. ‘There are 
eight hides to every four feet of 
the belt, which means that 200 head 
of cattle—a respectable herd for a 
small stock farmer—were required 
to furnish enough leather for this 
enormous belt. 

Throughout the entire process of 
construction no fasteners of any de- 
scription were used outside of a 
special belt cement of high adhesive if. 
power. Altogether it took 15 men 
more than a month to fashion it. 

The size of the belt gives an idea of 

the diameter of the big wheel which 

will before long be furnishing much 

of the street railway motive power. 

The largest belt ever built by this company was furnished to 
the Anaconda copper mine at Anaconda, Mont. It was 180 
feet long, 66 inches in width and four-ply. It required 360 
hides and weighed 3,600 pounds, driving from a 28-foot 
diameter pulley to an 87-inch driving pulley. Its speed was 
5,000 feet per minute, and it transmitted an average load 
of 1,800 horse power.—The Age of Steel. 

* * * 
A SPINDLE BORING MACHINE. 

Of the different problems with which the machine tool 
builder is confronted probably none have required more care- 
ful attention and experiment than that of boring out the 
hollow steel spindles used on iathes, boring machines, etc. 
For this purpose many of the different builders have designed 
and built their own machines, which are generally admirably 
adapted to the class of work they are to handle. The photo- 
graph illustrates one of these spindle boring machines which 
has lately been built by the Springfield Machine Tool Co., 
Springfield, Ohio, for their own use. The construction of the 
head of this machine is clearly shown in the drawing Fig. 6. 

This machine is intended to bore holes from 1 inch to 6 
inches in diameter in spindles varying from 1% inch to 7 
inches in diameter. The cone is keyed to a spindle which is 
geared into the main spindle of the lathe with a ratio of three 
to one. Back gears are provided so as to give eight different 
speeds, arranged in geometrical progression. 

The most important requisite of a spindle boring machine 
is a wide range of feeds of ample power. ‘The feed power is 
taken from the coneshaft and transmitted to a cone the shaft 
of which is geared into the feed rod. In addition to the use 
of a five-step feed cone, back gears are furnished so that ten 
different rates of feed are obtainable, giving a range from 
.0005 inch to .01 inch per revolution of spindle. Motion from 
the feed rod is transmitted to the carriage by means of a 
train of gearing and a pair of rack pinions which engage in 
a pair of steel racks, one of each being located on the top of 
the bed and at the side of the V’s, upon which the carriage 
travels. This arrangement makes a much steadier feed than 
could be obtained if only one rack were used, as is customary 
in engine lathe construction. The feed is engaged or disen- 
gaged by means of a powerful friction which is so designed 
that it will slip should any unusual resistance be encoun- 
tered. A pilot wheel, keyed to a rack gear shaft provides for 
a quick return of the carriage. 
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A duplex single-acting pump supplies a constant stream of 
oil, which is essential to the proper working of the drill. 

As will be noted the spindle of the machine is hollow, which 
permits of holding the spindles to be bored, at one end with 
the universal chuck and at the other end with suitable collars 
which must fit the ends of the spindle that is being bored 
and the bore of the machine spindle. ‘This construction 
enables a comparatively short machine to be used for boring 
long spindles, whereas if one end of the spindle were to be 
held in the chuck and the other end in a bearing or steady 
rest, the length of this machine would require to be almost 
doubled. A rest is provided which guides the boring tool at 


Fig. 5. Machine for Boring Spindles. 


the commencement of the cut and after a hole has been drilled 
a short distance, say 2 inches or 3 inches, it may be removed 
by being swung out of position. 
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(2 Det 
Fig. 6. Section through Head of Spindle Boring Machine. 


The carriage has a travel of 5 feet, and therefore, permits of 
boring a hole 5 feet in length without resetting the boring 
bar, and as ample provision is made for this purpose, Ttats 
possible to bore holes 7 feet or 8 feet in length without turn- 


ing them end for end. 
* * * 


According to a short article recently published in the 
Electrical World and Engineer the thawing of frozen water 
pipes appears to be a regular winter industry in Sault Ste. 
Marie. A transformer is mounted on a sleigh and hauled 
around town to wherever frozen pipes may be. Connection is 
made to the pipes each side of the frozen section with the 
secondary wires from the transformer and the primary 
wires are connected to the 2,200 volt circuit, through a 
water rheostat. The water generally begins to flow very quick- 
ly after the current is turned on, usually within one minute. 
Pipes as large as 4 inches diameter and frozen more or less 
for 200 feet, have been thawed out in this manner and at a 
fraction of the cost of following the usual plan of digging. 
That the business is profitable may he inferred from the 
usual charge being about $3.00 for thawing house pipes. 
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A FORTY-FOUR FOOT PIT LATHE. 


DESCRIPTION OF LARGE FRICTION DRIVEN LATHE. 
Paper read before the American Society of Mechanical En- 
gineers, December, 1902, by John M. Barnay. 

The machine here illustrated was designed to meet the de- 
mands of an establishment manufacturing the heaviest type 
of electrical machinery. The ever-increasing dimensions 
of this class of machinery make it particularly desirable that 
the existing heavy machine tools should be capable of exten- 
sion of capacity with a view to probable future requirements; 
and that a pit lathe is peculiarly adapted to such extension 
will, doubtless, be readily admitted. 

The faceplate of this lathe measures 30 feet in diameter, 
and the present dimensions of the pit will admit of swinging 
44 feet on centers, with a maximum width of 12 feet. The 
large faceplate is built up of twelve segments. The rim is of 
box section, the ends of the rim in each section being finished 
to make the joint, and the segments being held together at 
the rim by body-bound bolts, The arms are slotted for bolts, 
and the space between segments is also shaped to receive the 
usual square-headed bolts, as the inner end of each segment 
is fastened to the smaller faceplate by several] body-bound 
bolts. The smaller faceplate is cast in- 
tegral with the forward section of the 
spindle which revolves in a _ babbitted 
bearing 48 inches in diameter by 68 inches 
in length, the rear bearing being 22 inch- 
es in diameter and 28 inches long. It 
is calculated that the pressure on the 
main bearing will, at times, attain a max- 
imum of 125 pounds per square inch. 

Teeth were cast into the periphery of 
the 12-foot faceplate for the purpose of 
driving same while turning out the spin- 
dle bearing. After the spindle was finish- 
ed by this method the segments of the 
large faceplate were bolted on, the spindle 
assembled on the headstock, and the peri- 
phery of the 30-foot faceplate turned off, 
with the spindle in its own bearing. 

A novel feature of interest in connec- 
tion with this machine is the method of 
drive adopted, which is a friction roller, 
18 inches in diameter, made of com- 
pressed paper, while the rim of the large 
faceplate, 15 inches wide, affords the 
necessary contact surface for driving: 
Power is supplied by a 75 horse power 
motor, quadruple geared, the use of 
the multiple voltage system giving the 
machine a range covering all diameters 
from six feet to the present capacity, though the gear train 
is designed to admit of two changes of back gear in addition. 

The tool carriages are supported on massive cast-iron col- 
umns resting on the bottom of the pit, and the feed mechan- 
ism is driven by an independent motor properly back geared. 
By the use of the multiple-voltage controller, and a device 
called a feed regulator, at rate of feed from 3-64 inch to 
2%4 inches per minute can be had without a change of back 
gears. There was also designed for this machine an out- 
board bearing to support the outer end of mandrels and bor- 
ing bars which is provided with a geared sleeve connected 
to a train of back gears driven by an independent motor; the 
whole being self-contained and constituting a portable boring 
and facing tool. An approximation of the total amount of 
cast iron used in the construction of this machine places the 
weight at 480,000 pounds, of which the spindle and two face- 
plates together weigh about 155,000 pounds. 

As would be expected in this class of tool, the center of 
gravity of the revolving parts lies very close to the edge of 
the pit; hence, the matter of a substantial foundation became 
one of considerable importance, and to meet the severe re- 
quirements the design of the headstock provides a large area 
for the distribution of this pressure, so that the forward part 
of the headstock alone covers an area of 68 square feet. The 
masonry foundation consists of a layer of best Portland 
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cement grouting on top, surmounted by a five-foot layer of vit- 
rified brick which, in turn, rests on a massive column of best 
pressed brick, all laid in first quality of Portland cement. 

[In connection with the above-described machine Mr. Bar- 
nay furnishes us the following data regarding the power 
required for operating and the power transmitted by the fric- 
tion wheel.—Eprror.] 

The weight of the revolving parts of the pit lathe alone is 
about 155,000 pounds. Add to this the weight of the casting 
bolted to the faceplate and we have 210,000 pounds. The di- 
ameter of the main bearing of the spindle equals 48 inches. 
The number of revolutions of the spindle during the opera- 
tion of boring was % revolution per minute, representing a 
cutting speed of 45 feet per minute. Assuming a coefficient of 
friction of 0.10 for the bearings, we have power required to 
drive machine with casting bolted to faceplate, but without cut, 

210,000 * 48 X 3.1416 x .10 
12 X 33,000 
equals 8 horse power, nearly. To this is to be added the 
power required to run three cuts each % inch deep with \% 
inck feed. At forty-five feet per minute cutting speed this is 
equivalent to removing 64% cubic inches of metal per minute. 
Assuming that it takes 35-100 horse power to remove one 
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cubic inch of cast iron per minute, a good average, as estab- 
lished by numerous independent tests, we have power re- 
quired to take three cuts as above, about 2214 horse power. 

Then 8 plus 2214 equals 3034 horse power, which is the total 
horse power transmitted by the friction wheel at the surface 
speed of 7414 feet per minute. 

Now let us compare this result with such published formu- 
le as have been found available on this subject. Taking, 
for instance, Prof. Goss’ formula published in the transac- 
tions, A. S. M. E., XVIII, pp. 102. According to this formula 
horse power equals .000238 D, W. N., in which D equals diam- 
eter of wheel in inches; W equals width of wheel in inches; 
N equals number of revolutions per minute. 

Applying this to our case, we have, D equals 18; W equals 
15; N equals 15%; .000238 D. W. N. equals 1.012 horse power. 

As Prof. Goss’ formula is based on pressure of contact of 
150 pounds per inch, it would follow that the pressure of con- 
tact in our case is 150: X:: 1.012: 3014, which gives 4,524 
pounds. 

In justice to the author of the above formula it should be 
said that it was probably never intended to apply at such 
extremely low surface speeds. As stated in his paper, the ex- 
periments conducted at the time of the establishment of the 
formula covered surface speeds between 400 and 2,800 feet 
only. 
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NEW TOOLS OF THE MONTH. 


A RECORD OF NEW TOOLS AND APPLIANCES FOR MACHINE SHOP USE. 


DUPLEX DRILL LATHE. 

A special manufacturing tool that is simple in construction 
and well adapted to its work is shown in the accompanying 
half tone. This is a duplex drill lathe and is used for drilling, 
through jig eyes, such work as hinge holes in fire doors and 
their frames, sewing machine treadles, machine frames 
girths, etc. On either end of the lathe bed is mounted a drill 
spindle similar in construction and operation to that of an 
ordinary vertical drill. These spindles are independent, have 
a light, quick hand movement to and from the work and are 


Duplex Drill Lathe. 


provided with power feed and adjustable automatic trip. 
Hach spindle is driven by a four step cone from an indepen- 
dent countershaft, and is back-geared, giving eight changes 
of speed. The work is held on a heavy T-slotted table on 
which are also placed the jig eyes and fixtures used for 
directing the drill. The table is of ample size for handling 
large work, while for drilling small pieces extension drills 
are used. In the machine illustrated the distance between 
the heads is 4634 inches and the height of the center of 
spindles above the table is 5% inches. These dimensions 
may be altered to meet any desired requirements. This ma- 
chine is the product of the Garvin Machine Co., New York. 


ELECTRICALLY DRIVEN HAND DRILL. 

The portable electrically driven hand or breast drill here 
illustrated is likely to prove of great convenience in any shop 
where it is used to replace the ordinary hand drill. Owing to 
its greater speed it performs the work much more rapidly than 


Electrically Driven Hand Drill. 


it could be done by hand, besides saving the strength of the 
operator. The power is supplied by connecting the flexible 
wire cord to any convenient incandescent lamp socket, and the 
range of operation is limited only by the length of the cord. 
The drill is under perfect control at all times as a switch is 
provided, where it is within easy reach of the index finger, 
for starting or stopping the motor. This machine is made 


by the Hisey-Wolf Machine Co., Cincinnati, Ohio, and is 
supplied in three sizes, taking drills up to 44 inch, % inch and 
% inch respectively. 


NEW END AND SURFACE GRINDER. 

The illustration shows a grinder, for end and surface work, 
that is made by the Rowbottom Machine Co., Inc., Waterbury, 
Conn. This machine possesses features that make it espe- 
cially helpful for tool and press room work and for a variety 
of purposes in manufacturing. 
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Combined End and Surface Grinder. 


The table on the right is counterbalanced and provided with 
a quick method of adjustment for wide ranges by the lever 
shown under the table. By lifting up the lever the table is 
released and is free to move either up or down, by pressing 
the lever down the table bracket is firmly fastened to the 
column; the handwheel under the table is then available for 
fine feed. On the left is a swinging table for end grinding 
by swinging the work across the face of wheel; this table is 
adjustable for angular work and is provided with adjustment 
to keep it close to the wheel. The emery wheels for end 
grinding may be replaced by emery cloth disks or the machine 
can be provided with both, as the change is readily made from 
one to the other, thus allowing the machine to cover a large 
range of grinding. The bearings are dust proof with adjust- 
ment for taking up wear, and oiling devices are provided. 

The emery wheels are 10 inches diameter and the emery 
cloth discs 12 inches diameter. The table for surface work 
is 16 inches long by 10 inches wide, with up and down adjust- 
ment of 8 inches and is capable of surfacing 8 inches wide. 


LOWE TEST INDICATOR. 

Fig. 1, on next page shows a test indicator that has been 
brought out by H. A. Lowe, Waltham, Mass., and which, owing 
to the convenience of its manipulation, will be found useful 
for an unlimited number of purposes in the machine shop. 

The shank of this indicator is 7-16 inch by 15-16 inch and is 
carried in the tool post of the lathe. Being casehardened it 
is not injured by the tool post screw, and at the same time the 
channel shaped section of this shank affords protection to the 
delicate working parts. 

The forward end of the holder terminates in a point bearing 
a pivot about which oscillates a lever the short arm of which 
is placed in contact with the work to be indicated. The long 
arm of this lever runs back to a spiral groove in the vertical 
pointer spindle. This arrangement causes the pointer to re- 
volve over a horizontal graduated disk mounted on the back 
end of the holder. This disk is graduated to read in thou- 
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sandths of an inch of movement of the short lever arm and 
the leverage is such that any movement of the short lever is 
multiplied one hundred times by the pointer. A flat spring, 
placed under the long arm of the indicator, keeps the pointer 
normally at the zero position. This tool may be applied to 
testing shafting, flanges, gears and all kinds of lathe work, 
and is also used in the planer and shaper for setting angle 
plates and work 
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Fig. 1. H. A. Lowe’s Test Indicator. 


When the indicator is to be used for internal work the 
screw button, shown beside it in the cut, is inserted into the 
eye of the short arm and the point of this button is placed 
in contact with the inside of the hole. This is illustrated in 
Fig. 2, which shows the indicator in use for re-chucking a 
gear so that the hole will run perfectly true. The pointed 
rod, shown just below the indicator in Fig. 1, is used for 


Fig. 2. Re-chucking Gear by Hole. Fig. 3. Setting Jig on Faceplate. 


“wiggling up” or locating work on the faceplate central to a 
prickpunch mark. One end of this is fitted with a female 
center which is placed on the tail center of the lathe while 
the point is placed in the prickpunch mark in the work 
which is held on the faceplate. Then by use of the indicator, 
as shown in Fig. 3, the work may be quickly brought to a 
central position on the faceplate. 


THE ACME METAL SAW TABLE. 
This saw table is the invention of Mr. F. D. Hazelton and 
is being placed on the market by Hazelton and Donald, Phila- 
delphia, Pa. The table is the result of the inventor’s needs for 


Acme Metal Saw Table. 


a saw for cutting sheet, rod and tube brass, fiber, hard rubber, 
printers’ furniture and electrotype plates. The machine occu- 
pies a floor space of but 18 x 24 inches, is constructed wholly 
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of metal and is self-contained. One important feature is that 
the saw arbor is but one inch below the surface of the saw 
table, thus permitting the use of saws of small diameter and 
consequently obtaining the greatest power and accuracy. The 
table swings entirely open or may be set to saw any desired 
depth while the slitting gage may be adjusted for slitting any 
width up to 12 inches. The cross cut gage will swing either 
way to any practical angle. An improved device is provided 
for holding the arbor from turning while attaching or removy- 
ing the saws. A removable throat plate allows the use of 
wood cutting saws up to 6 inches in diameter. 


A DRILLING AND BORING TOOL FOR STEAM ENGINE 
WORK. : 


The accompanying half-tone illustrates an interesting special 
machine, for use on large steam engine work, that was recent- 
ly built for the W. A. Harris Engine Co., Providence, R. L., 
by the Prentice Bros. Co., Worcester, Mass. 

This machine was designed for boring up to 36 inches in 
diameter and is capable of drilling from the solid up to 6 
inches. The base is bolted to a cement foundation while the 


Prentice Bros. Co.’s Special Drilling and Boring Machine. 


top is of suitable shape to fasten to the overhead timbers 
of the shop. The total height of the machine from the base 
to the top of the cone pulley is 14 feet 4 inches. This allows 
the spindle to be raised to a maximum distance from the base 
of 10 feet 6 inches, or it may be lowered to a height of 
but 14 inches. The head is counterbalanced and its vertical 
movement in the upright is facilitated by the employment 
of compound gears. The spindle, which has a _ horizontal 
traverse of 23 inches, has four changes of geared feed, hand 
feed, and quick return motion. This machine can also be 
used for vertical milling, feeding by hand through the com- 
pound gearing. 
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A NEW LATHE DOG. 

A new lathe dog which is manufactured by the Eddystone 
Engineering Works, Eddystone, Pa., is illustrated in the ac- 
companying cut. This dog has two jaws which are pivoted 
about a central stud, A, and grasp the work in the open ends, 
A bolt, B, tightens the jaws onto the piece being turned and 
when this bolt is released the spring O spreads them apart 
and the work is at once released. The steel about which the 
jaws pivot has at its lower end a T-head D and clamping nut 
E, so that it can be firmly clamped at any point on the face- 
plate. In use, this stud is slid into one of the faceplate slots, 
as shown in the cut, and the jaws are brought down over the 


New Lathe Dog. 


work, which is held on the lathe centers. The jaws are then 
tightened on the work by the nut F and the driving stud is 
clamped to the faceplate by a turn of the spanner nut H. This 
makes a rigid and powerful clamping dog which is easily 
operated. When removing the work and introducing new 
pieces, if they are of the same size, it is only necessary to 
operate the bolt that clamps and releases the jaws as the 
stud holds the dog in the proper position for receiving the 
pieces. This dog is made in four sizes capable of taking work 
from 1 inch to 12 inches in diameter. 


SPECIAL GEAR CUTTERS. 

R. M. Clough, Tolland, Conn., is making two forms of gear 
cutters, one of which, we believe, is distinctly new and the 
other is so little known that it will be of interest to most 
mechanics who may be more or less familiar with gear cutting. 
The first-mentioned cutter is that shown in Fig. 1. It is 
made with shoulders at the sides of the regular teeth, for 
the purpose of milling off the tops of the gear teeth as the 
cutting of the tooth spaces proceeds. This saves turning the 
blanks since the tops of the teeth are all milled to correct 
length at the same time that the tooth spaces are cut. These 
cutters are made eight in a set for each pitch to cut gears 


of the regular Brown & Sharpe involute tooth shape, from 12 . 


teeth to a rack. 


Fig. 1. 


The cutter shown in Fig. 2 is for cutting bevel gears at one 
cut for each tooth which, of course, saves at least one and 
usually two cuts for each tooth, when done in the ordinary 
way. This cutter is, to all intents and purposes, a 2214 degree 
involute cutter, and is made eight cutters to a set for each 
pitch, for either spur or bevel gears. It is thinner on the 
points of the teeth than a Brown & Sharpe, or 15 degrees in- 
volute cutter, and is used by setting the gear at such an 
angle as to “shallow” the small ends of the tooth spaces the 
proper amount. The gears produced in this manner are said 
to run fully as well as when cut with three operations for 
each tooth, and the teeth are so shaped as to be somewhat 
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stronger than the ordinary bevel tooth of the same pitch. 
Firms that are using these cutters prefer the gears to those 
cut in the ordinary way, to say nothing of the decreased cost. 


AUTOMATIC GEAR AND RACK CUTTERS. 
The Dwight Slate Co., Hartford, Conn., have recently rede- 
signed and improved their gear and rack cutters in a manner 


Fig. 1. Improved Automatic Gear Cutter. 


Fig. 2. Automatic Rack Cutter. 


tending to simplify their operation and increase the produc- 
tion. In their automatic gear cutters of earlier design it 
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POINTS OF SUPERIORITY— Suave Heads of Steel, drop forged. Clamping 
Groove round, no sharp corners, forces blade against side of slot square with face of head. 
Blades accurately graduated, have shaded figures that are quickly read. Protractor [leads 
engine divided to 90 degrees either side of zero; Level furnished with head, accurately 


set parallel to face. ALL PARTS INTERCHANGEABLE. 


BS A Convenience—Our tools carried in stock by hardware dealers. BS 
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was necessary to change the cams that regulated the length 
of the cut, three cams being required for each machine. In 
the new machines one cam only is used and this, in connec- 
tion with the oscillating arm, can be readily adjusted to 
give any required length of cut within the capacity of the 
machine. In operation the arbor, carrying as many blanks 
as can conveniently be placed thereon, is put on the centers 
and the machine started. Once put in motion, the cutting will 
continue until the completion of the last tooth, when the 
feed motion will be tripped out of engagement. After the 
completion of each cut the table is returned to first position 
automatically and at the same time the index is unlocked, 
moved to the proper spacing and securely relocked. Fig. 1 
illustrates the No. 2 machine which is capable of cutting gears 
of 6 pitch and finer up to 8 inches in diameter; extreme 
length of cut 4 inches. The No. 1 machine cuts gears of 12 
pitch and finer up to 4 inches in diameter; extreme length of 
cut 3 inches. 

The new rack cutter is shown in Fig. 2. This machine as 
formerly built was semi-automatic, the operator being re- 
quired, after each tooth was cut, to feed the head back by 
hand and space for the next tooth. It has now been made 
into a full automatic cutter and when the work is once 
started it will continue without attention, until the entire 
rack is cut. This machine will cut racks of 12 pitch or finer, 
19 inches long at a single setting, while by resetting any 
length of rack may be cut. 


THE NEW YORK NATIONAL EXCHANGE BANK. 


The New York National Exchange Bank, corner of Cham- 
bers Street and West Broadway, has just completed a number 
of improvements and additions which greatly increase its 
facilities for doing business, and a happy combination of 
practical experience and good taste has combined not only to 
utilize every foot of space, but to decorate the new banking 
rooms so that they equal in attractiveness any in New York— 
a comparison not to be lightly made. 

The screen work forming the partitions is constructed of 
Pavanozza marble up to the counter level, above which the 
partitions or cages are constructed in bronze metal finished 
in verde antique, the interiors being fitted with latest im- 
proved counter systems including filing cases of all kinds. 
The wood work and furniture are of Mexican mahogany and 
walls finished with green burlap which makes a _ pleas- 
ing contrast with the other fittings. The vaults are con- 
structed with heavy steel linings, inside and outside vestibule 
doors, and the reserve fund is further protected by being con- 
tained in two massive chests of the heaviest construction; the 
whole controlled by time and combination locks of the latest 
design. 

The New York National Exchange is an old and well-known 
bank, organized in 1851, and for many years conducted on 
what may be termed old-fashioned methods; until, about three 
years ago the management was undertaken by younger and 
more active men, who have increased its business and re- 
sources with such rapidity as to attract the attention of the 
down town business community. During the period referred 
to the total resources have moved up from about $2,000,000 to 
over $7,000,000. The officers of this institution are James 
Rowland, president; Lewis E. Pierson, vice-president; and 


Rollin P. Grant, cashier. 
* * * 


FRESH FROM THE PRESS. : 


Dips: THHIR CONSTRUCTION AND Usb. By Joseph V. Woodworth. 
Published by Norman W. Henley & Co., 132 Nassau St., New 
York. 3884 8vo. pages. Illustrated. Price, $3.00. 

This book treats of tools for sheet metal working. Its pages con- 
tain descriptions, with illustrations, of dies, press fixtures and sheet 
metal-working devices, from the simplest to the most intricate, and 
the author has described their construction in a clear manner, so 
that any good mechanic will understand how to design, construct 
and use them. Mr. Woodworth is a practical toolmaker and die- 
maker and has become well known through frequent contributions to 
MACHINERY and other technical papers, and his book on dies is the 
outcome of his work in this direction. Its various pages contain tlie 
articles that he has contributed to the different papers, thoroughly 
revised, and re-written where necessary, with a great deal of addi- 
tional matter. The volume is largely the result of Mr. Woodworth’s 
own experience, supplemented by material gathered through observa- 
tion in different metal-working establishments. 

There are twelve chapters in the book, as follows: Single or 
blanking dies, and double or piercing and blanking dies; simple 
dies for use in machine shops; gang and follow dies; the adaptation 
and use of simple dies and press fixtures; bending and forming dies; 
perforating dies; curling, wiring and seaming processes ; drawing 
processes, for sheet-metal shells; coining processes—operations on 
heavy stock; feeding sheet metal to the dies; annealing, hardening 
and tempering—the use of files; miscellaneous dies, presses and 
fixtures. 

This is the most elaborate treatise that has appeared on sheet 
metal work, and there is probably not a diemaker or a toolmaker who 
would not find some information of value within its pages. There 
are over 500 illustrations, most of which are wax engravings made 
from original drawings by Mr. Woodworth. The development of 
sheet metal working has been so rapid during the past few years 
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that most mechanics have not had the opportunity to keep pace witb 
the construction of the tools used in such work and the author has 
done well to gather together so large a fund of information upon the 
subject, where it may be readily referred to. 


ADVERTISING LITERATURE. 
Tun GRANT GpAR Works, Boston, Mass. Circular and price list of 
machine chains and sprockets. 

Tue JosppH DrIxon CrucisLp Co., Jersey City, N. J. Booklet 
descriptive of graphite facings for flat molding and stove plates, for 
dry sand work, for green sand, etc. 

Tur GARVIN MACHINE Co., Spring and Varick Sts., New York. Gen- 
eral catalogue G of universal milling machines, plain and vertical 
milling machines, Lincoln milling machines, grinders, screw machines, 
drills, slotters, ete. 

Tur Payne Co., Inc., Elmira, N. Y. Bulletin No. 12 of Payne en- 
gines, for electric light and power service. These are either belted 
or direct-connected, and several views of this engine are given, also 
views of the parts. 

Tur Burt Mra. Co. Akron, O. Pamphlet entitled “The American 
Oil Filter,” describing and illustrating the oil filter and purifier manu- 
factured by this company. The Burt exhaust head is also men- 
tioned. 

PAWLING & HARNISCHFEGER, Milwaukee, Wis. Bulletin No. 12, 
which describes the standard I-beam trolleys built by this company. 
Chain block traveling cranes, and electric traveling cranes and hoists 
are also described and illustrated. 

-THEr SHELBY SrtnnL Tus Co., Pittsburg, Pa. Price list No. 12, 
Nov. 1902, of the Shelby cold-drawn seamless steel tubing for me- 
chanical and engineering purposes. Hot rolled tubes are also manu- 
factured by this firm. 

Tun ARGUTO OILLESS BrARING Co., Wayne Junction, Philadelphia, 
Pa. Catalogue of Arguto oilless bearings to be used in friction or loose 
pulleys, on shaft bearings, in friction clutch pulleys, on countershafts, 
etc. They are applicable to light or highspeed machinery where lubri- 
cants are undesirable, but not for heavy work. An abstract from the 
report of the Franklin Institute on Arguto oilless bearings is published 
in the back of the catalogue. 

Tur Prarr & Wuirnny Co., Hartford, Conn. Standard size cata- 
logue, Dec. 1902, describing the thread milling machine recently placed 
on the market by this company. This machine is built for the pro- 
duction of precision screws, worms, lead and feed screws, etc. The 
various parts are shown in detail, and four handsome half-tones illus- 
trate the work, large and small, that it is capable of turning out. 
Various useful tables in connection with this work are given. The 
Pratt & Whitney automatic cutter grinder is also shown. 

TuE REEVES PuLLEy Co., Columbus, Ind. General catalogue of the 
Reeves variable speed transmission. This catalogue, just issued, Is 
standard size and profusely illustrated by half-tones and line draw- 
ings. The Variable Speed Transmission and its operation are 
described in detail, and two fine illustrations show clearly the workings 
of the different parts. Sizes from Nos. 0 to 12 are illustrated and a 
number of sketches show the application of variable speed to planers, 
shapers, lathes, milling and boring machines, drills, ete. Several 
testimonial letters are published and also price lists of the variable 
speed. ‘The company also publish the ‘“‘Paper Machinery” issue, which 
treats of variable speed transmission more at length. 


MANUFACTURERS’ NOTES. 


Tun National Tooi & Stamping Co., is the name of a new concern 
erecting a factory at Wayne Junction, Philadelphia, Pa. They will 
manufacture special tools and dies, and do general sheet metal stamp- 
ing. 

TuE Resck Machine Tool Co., Cleveland, O., are erecting a three- 
story brick factory building on Quincy and Craw Sts., for the manufac- 
ture of machine tools and steel balls, the latter formerly manufac- 
tured by the Cleveland Ball & Screw Co. 

Tun Q. & C. Co., Chicago, Ill., recently made a shipment from their 
factory at Chicago Heights, of one of the largest special metal saw- 
ing machines to the United States government, to be used at the 
Cavite Navy Yard, Manila. 

J. T. Stocoms & Co., Providence, R. I., have just put out a new 
morocco case, plush-lined, to hold their Nos. 1, 2 and 3-inch machinists’ 
set, listed as No. 21. The special advantages of this case, which is 
illustrated in their advertisement in this number is that it can be 
readily laid in the tool box. 

THE name of the system of cost keeping devised by W. 8. Rogers 
has been changed from ‘Universal Cost System” to “Industrial” Cost 
System. For information about this system Mr. Rogers should here- 
after be addressed care The Bantam Mfg. Co., Bantam, Conn., instead 
of Keene, N. H. 

Tun Joseph Dixon Crucible Co., Jersey City, N. J., published in their 
December number of ‘‘Graphite,” an article on the experiments of 
Prof. W. F. M. Goss, of Purdue University, on the use of Dixon's 
graphite in air-brake equipment. These experiments are not only in- 
teresting but of value to all who have to do with locomotive engi- 
neering. 

Mr. DANInL W. PepricKk is no longer connected with the Pedrick 
& Ayer Co. His entire time and attention are now given to the H. B. 
Underwood Co., of which firm he is the senior partner. He has been 
a partner of this firm since its organization, and is superintending the 
turning out of high-grade portable cylinder boring bars and other 
portable tools for railway repair shops for this firm. 

GEORGH WILLIAM HorrMaANn, 295 Bast Washington St., Indianap- 
olis, Ind., manufacturer of the U. S. Metal Polish and “Barkeeper’s 
Friend,’ informs us that the demand for his product has greatly 
increased this year. ‘This paste is, sold in powdered and fluid form 
and is used for polishing gold, silver and plated ware, nickel, tin, 
brass, copper, ete. 

Tur Fox Machine Co., Grand Rapids, Mich., manufacturers of 
wood-working machinery, have just completed a four-story addition 
to their plant. They have purchased a larger engine, increased the 
boiler capacity and erected a new pattern storage building. They re- 
port that they have found these additions necessary owing to their rap- 
idly increasing business. 

Tum Crocker-Wheeler Co., Ampere, N. J., manufacturers of electri- 
cal machinery, report the shipment of eighteen orders for engine type 
generators of various sizes, to different parts of the United States. 
They state that their new mill building is now being occupied, en- 
larging their floor space by 60,000 square feet, and giving increased 
facilities for prompt deliveries on large orders. 

WwW. S. Roaurs, formerly of the Roller Bearing and Equipment Co., 
Keene, N. H., and of the Ball Bearing Co., Boston, Mass., has become 
the general manager of the Bantam Mfg. Co., Bantam, Conn. This 
company was organized two years ago for the manufacture of ball 
and roller bearings and under Mr. Roger’s management will make the 
regular line of goods formerly manufactured by the companies at 
Keene and Boston. 
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THE GREAT WEST-ALLIS PLANT 


OF THE ALLIS-CHALMERS COMPANY, MILWAUKEE, WIS. 


HE views = accom- 
panying this arti- 
cle were recently 
taken at the new 
works of the Allis- 
Chalmers Co., Mil- 
waukee, Wis., and 
we think all our 
readers will be 
glad of the oppor- 
tunity to see how 
this immense plant 
looks now that it 
has so nearly 
reached a state of 
completion. The 
piesent Allis-Chal- 
mers company ope- 
rate the old E. P. 
Edwin Reynolds. Allis works, Mil- 

waukee, aS well as 

the new works; also the Fraser-Chalmers and the Gates 
Works, Chicago, the works of the Dickson Manufacturing Co., 
Seranton, Pa.; and they have absorbed the business of the 
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latter serving simply to increase the resources of the com- 
pany by doubling the capacity of the Milwaukee shops and to 
afford almost unlimited opportunity for future growth. 

The new Milwaukee plant is situated at West Allis, a sub- 
urb of Milwaukee, which has the shipping advantages at- 
forded by two railroads and is destined to become an im- 
portant manufacturing village. Several other manufacturing 
plants have been located there and many houses are being 
built. The land controlled by the Allis-Chalmers company 
is about 100 acres in extent and if the business should be- 
come large enough to require all the buildings ealled for in 
the original plans, Milwaukee will have one of the largest 
groups of machine shop buildings in the world. Unlike 
nearly every other large establishment, however, they will 
not represent a haphazard growth, with buildings erected 
to meet present needs, without any particular regard to the 
future. The whole plan was carefully laid out by Mr. Rey- 
nolds, with whose name the accomplishments of the jo, dee 
Allis company are inseparably connected. The floor areas 
of the machine shop, pattern shop, foundry, erecting shop, 
etc., as far as erected are carefully proportioned from data 
secured at the old works and additions to the plant may be 
made in such a way as always to maintain these ratios, if 
desired. 
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Fig. 1. One End of Machine Shop No. 1 of the West-Allis Plant of the Allis-Chalmers Co. A10x12 Planer appears in the Foreground, and in the Right is 
a Floorplate 24 x 200 feet, on which Massive Portable Tools are used. 


Lake Erie Engineering Co., Buffalo, and transferred it to 
their other plants. The Chicago and Scranton plants build 
the mining machinery contracted for by the company, the 
latter taking some of the engine work also, leaving the Mil- 
waukee plants free to carry on the bulk of the enormous 
engine business for which the company is best known to the 
public. The old E. P. Allis works are to be continued in 
operation, the same as before the new works were built, the 


As shown in the ground plan, Fig. 3, the plant is con- 
structed in units, entirely similar in principle (to use an illus- 
tration) to the unit system of filing cabinets and book cases 
now so generally employed in business offices. One complete 
unit has now been built and consists of a pattern shop and 
storage building, foundry, machine shops, power house, black- 
smith shop, erecting shop, and yard storage, with cranes, 
tracks, ete. This unit consists of three buildings, the pattern 
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shop, foundry, and erecting shop, which may be extended 
northward indefinitely, as indicated by the heavy dotted lines, 
and of three smaller buildings for machine shop and black- 
smith shop purposes extending east and west. 

These smaller buildings, and their proportionate parts of 
the larger buildings, really subdivide the main unit into 
three sections, and in making additions the shops may be 


Fig. 2. Foundry Yard—Pattern Shop on the Left, Foundry on the Right. 


extended to include one, two, three or more of these sections, 
as required; but in any case it will be possible to preserve 


the balance between the pattern and foundry work and the_ 


machine shop work. 

Entering the works from the office indicated at the lower 
left-hand corner of the plan, the first building to be reached 
is the pattern shop and the pattern storage building, be- 
tween which and the foundry is yard room for the storage 
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different sections of the yard on which the Company operate 
their own locomotives. 

The pattern shop and storage building, as already 
stated, is one of the three buildings extending north 
and south, and which in the event of the enlargement 
of the works will be lengthened as much as re 
quired. The part of the building utilized for pattern stor- 
age is four stories high, with concrete floors supported by 
steel construction carefully protected by fireproof material. 


‘ The part used as pattern shop is next to the foundry and 


is only one story high, giving excellent light over the whole 
floor area. Two views of this building appear in Fig. Be 
That in the upper left-hand corner shows the pattern stor- 
age section and indicates the proportions of the structure, 
while that in the lower right-hand corner shows the pat- 
tern shop and part of the runway for the traveling crane 
mentioned above in connection with the foundry yard. 

The next building to be reached is the foundry—another 
of the three structures running north and south. This is 
the building which appears at the center in Fig. 4, It is 220 
feet wide, of the same 
length as the pattern build- 
ing, and is divided into 
three bays, the center bay 
being higher than the two 
outside bays or wings, after 
the usual custom in such } 
buildings, so as to ad- 
mit.side light through win- 
dows at the top. The foun- 
dry is equipped with three 
cupolas and approved ap- 
paratus is provided to fa- 
cilitate charging with the 
proper mixtures of iron and 
coke. The traveling crane 
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Fig. 3. Plan of the new Allis-Chalmers Plant. 


of pig iron and coke and other supplies for the foundry. 
A view of this yard is shown in Fig. 2, and it will be noted 
that it is served by a traveling crane, supported by runways 
on columns. The material is brought to the yard on cars on 
a standard railroad track—part of an elaborate system of 
tracks extended through the different departments and to 


collects the material and brings it to the base of the in- 
clined tracks shown in Fig. 6, where it is transferred by 
jib cranes to hydraulically-operated cars which convey it up 
the inclines to the charging floor above. The complete 
scheme embraces a pair of scales suspended from the hook 
of the traveling crane by which the pig or scrap iron 
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Fig. 4. General View of the New Works, looking Northeast. The Building in the Center is the Foundry. On the Right is Machine Shop No. 1, connecting 
with the Erecting Shop at its further end. 


can be weighed before being deposited at the base of the 
inclines. 

It has already been mentioned that the foundry yard is 
served by a railroad track, but to facilitate the disposal 
of sand and other material within the foundry itself there 
is also an elevated track, indicated clearly in the general 
view, Fig. 4, and which runs adjacent to the foundry 
one side of the building. Supplies of sand or other ma- 


Pattern Storage Building. 
Erecting Shop, looking Northwest. 


distance is the No. 1 machine shop which adjoins it. Each 
of the machine shops and the blacksmith shop is 120 feet 
wide and 575 feet long. Shop No. 1 has a central crane 
span of 67 feet with two cranes of 80,000 pounds capacity. 
The sides are constructed on the gallery system and have 
auxiliary cranes of 20,000 pounds capacity. An interior 
view of this building is shown in Fig. 1. In shops Nos. 2 
and 3 we believe the crane equipment is somewhat different, 
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End of Erecting Shop and No. 1 Machine Shop, looking Northwest. 
Foundry Yard and Pattern Shop. 


Fig. 5. 


terial are drawn up onto this track and discharged into bins 
provided for them, without further handling. 

Next in order are the three buildings running east and 
west—two of which serve the purpose of machine shops and 
the third as a powerhouse and blacksmith shop. Beyond 
and communicating with these is the erecting shop shown in 
the lower left-hand view in Fig. 5. One end of it also ap- 
pears in the upper right-hand view of this group, and ir the 


being adapted in each case to the class of work to be done. 
Most of the heaviest machine work is done in shop No. l, 
which contains several unusually massive and striking ma- 
chine tools. The main feature of the building is a floorplate 
24 feet wide by 200 feet long, embedded in a substantial 
concrete foundation and equipped with several very massive 
tools of semi-portable character for machining the heavy 
frames and other engine parts that can te more conveniently 
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and quickly handled by the floorplate system than by any 
other method. 

The construction of this floorplate is the result of much 
study, and it is believed to be so substantial that it ‘will 


Fig. 6. Jib Cranes and Inclines used in Charging Foundry Cupolas. 


stay in alignment a long time. There is ample provision, 
however, for adjustment, should it get out of level. The 
floorplate is built up of deep cast-iron sections 24 feet long 
by 8 feet wide, heavily ribbed and having T-slots for clamping 
tools or work. At intervals there are depressions in the 
upper top surface of the floorplate, for accommodating the 
projecting ends of foundation bolts and their nuts, and also 
the heads of the adjusting screws which, in each case, are 
placed beside the foundation bolts. These adjusting screws 
extend through the floorplate and bear against a small cast- 
iron plate embedded in the concrete, so that by slackening on 
the foundation bolt and turning the adjusting bolt the plate 
can be raised or lowered to bring it into adjustment; then, 
when the nut on the foundation bolt is again tightened the 
plate will be held solidly through the binding or clamping of 
the two bolts. After adjusting the sections of the plates 
in this way and leveling them, they are grouted in with 
cement. 

The machine tool equipment of the floorplate is a remark 
able collection of tools and indicates a disposition on the 
part of the management to provide every facility for turning 
out the heaviest class of work economically and accurately. 
Among other floorplate tools are two large Morton traveling 


One of two 10-foot Rotary Planers in use on the Floor Plate of Machine Shop No. 1. 
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shapers, 48x48x72 inches and one 72 inches by 72 inches by 
11 feet, the latter being the largest shaper of this type ever 
built. The ram of this machine is of steel, cast hollow, 10x12 
inches in cross section. The length of stroke is 72 inches, 
the saddle carrying the ram will feed vertically on its sup- 
porting column a distance of 6 feet, and this column in turn 
will feed on the bed of the machine 11 feet. The saddle is 
counterbalanced by an air cylinder on the rear of the column, 
furnished with pressure by a small compressor, motor-driven. 
The machine also has a milling attachment whose arbor is 6 
inches in diameter, and may be used either for boring or 
milling, and which carries a 12-inch mill on its outer end. 
As in all Morton shapers this machine works with a draw cut. 

The most striking tools on the floorplate are a pair of 10- 
foot rotary planers built in the Bement-Miles shops in Phila- 


‘delphia and which are the heaviest and largest tools of the 


kind we have seen. A view of one of them appears in Fig. 8. 
The cutter heads of the planers face each other and one of 
the machines will ordinarily remain in a fixed position while 
the other can be adjusted so as to take in work of greater or 
less length or width between the cutter heads. The movable 


machine is provided with rollers and is so designed that it 

can be raised off the foundation and supported by these rollers 

to facilitate moving along the floorplate, thus bringing it ap- 

The final adjustment is 
® 


proximately to the correct position. 


Fig. '7. Showing Runways for Traveling Cranes which Operate between the 
Machine Shops. 

obtained by an endwise movement of the main spindle of 
either planer which can be adjusted out or in a distance of 
7 inches. The following specifications of the 
machine were kindly furnished us by the 
builders. The saddle has a traverse of 16 
feet on a bed 26 feet long. The faceplate is 
10 feet 7 inches outside diameter and holds 
75 cutting tools. There are three cutting 
speeds—of 22, 30 and 40 feet per minute, 
with feeds of 2, 4 and 8 inches per revolu- 
tion, or an equivalent of 10 inches per min- 
ute at 40 feet cutting speed. A moment’s 
thought on the part of the reader will show 
what this means in the way of rapid sur- 
facing by comparison with the usual meth- 
ods of removing stock. All of the gearing 
and clutches are mounted on a platform and 
are controlled by levers within reach of the 
operator, who need not change his position 
at all. For heavy surfacing, provision is 
made for backing up the periphery of the 
faceplate by means of adjustable slides that 
can be brought solidly against its inner sur- 
face. 

Of the other interesting tools 1n this shop 
may be mentioned a 12x10 and a 10x10 
planer, the former planing work 30 feet long, 
and two large boring mills, one 12x12 and 
the other 12x14, furnished by the Niles-Be- 
ment Pond Co. The largest planer appears 
in the foreground in Fig. 1. There is also a 
port boring machine of somewhat unusual 
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construction, built by the Grant Tool Co., Franklin, Pa. This 
was described in the June, 1902, number of MacuInery. 

The galleries of this building and of machine shop No. 2 
are equipped with a great variety of smaller tools, furnished 
by different builders, which we will not undertake to enum- 
erate; though it may be mentioned that a conspicuous instal- 
lation is the large number of lathes furnished by the Lodge 
& Shipley Machine Tool Co. An interesting device in shop 
No. 2 is a dashpot-testing apparatus by which the valve gear 
mechanism of an engine can be run for any length of time and 
up to any speed. It is interesting to note also that the dash- 
pots and similar engine parts are made on turret lathes, being 
turned out in quantities just as are the small parts of any 
machine which is manufactured by modern methods. 

In the blacksmith shop there are, at present, four steam 
hammers, the largest being of 12,000 pounds capacity. Oil 
burners are used for the heating furnaces. On the outer 
end of this building, room has been left for the installation 
of the power plant, and at the time of the writer’s visit 
one unit was running, and others were in process of erec- 
tion. The engines are to be of the Reynolds-Corliss vertical 
type and there will be one unit of 100 K.W., one of 35) 
K.W., and one of 500 K.W. capacity. There is room here for 
two more 500 K.W. units, to meet future requirements. Both 
Westinghouse and Crocker-Wheeler generators are used and 
the Bullock multiple voltage system is employed for the 
distribution of the current in the works. The crane equip- 
ment throughout the plant is by Pawling & Harnischteger, 
Milwaukee. 

Continuing now to the erecting shop we find a building 
running north and south, 115 feet wide by nearly 560 feet 
long, arranged in two bays, one of which has 60 feet head 
room under the crane hook, served by a 75-ton crane. A 4(- 
ton crane will be installed later. This section of the shop 
will be for assembling vertical engines, pumping engines, 
etc., which can be completely erected here before shipment. 
The other bay of the shop has 25 feet head room under 
the crane hook and will be used for the collecting of parts 
before they are needed for the erecting floor, and for shipping. 
The general design of the erecting shop and its relation to 
the machine shops which connect with it will be evident from 
the upper right-hand view in Fig. 5. 

The first essential in an erecting shop is a substantial 
floor, and this has been secured by laying two feet of solid 
concrete on top of the clay soil which serves as foundation 
for all the buildings. Oak stringers were embedded in the 
concrete and leveled by the aid of a transit and grouted in. 
On these stringers a heavy plank flooring was laid. 

The track and yard arrangements of the West Allis plant 
are complete in every respect. Connection is to be had with 
the Chicago, Milwaukee and St. Paul Ry. at the north, and 
_ with the Chicago and Northwestern Railway at the south. 

Ranged on the easterly side of the yard are the tracks for 
the reception and shipment of freight, with spur tracks run- 
ning into the erecting shop and to other sections of the 
yard. As represented in the drawing, Fig. 2, there is a break 
in the continuity of the tracks, this being done in making 
the sketch, because it was desired to show the arrangement 
of the upper or northerly switches, which in reality are 
beyond the limits indicated by the drawing. The switches 
are so placed that two tracks are open to the C. M. and St. 
P. Ry. for shipment or delivery, and two to the C. & N. W. 
Ry, for the same purpose. One of the tracks, in each case, 
is to be used solely for cars that are being loaded for ship- 
ment, and the other for cars containing freight to be de- 
livered. This plan will reduce to a minimum the amount of 
switching to be done. ; 

Beginning at the right, the first track is to be used for 
connecting the two railway systems. The next two are the 
shipping and receiving tracks for the C. M. & St. P.; the 
next two are for the C. & N. W.; and the next three are 
tracks through which connection may be had with the shops, 
foundry, and all the various departments of the works. To 
reach these tracks, however, by either railroad system, it is 
necessary that cars should pass over the single track at the 
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north part of the yard, where the scales are situated, as ifdi- 
cated on the plan, thus ensuring that no supplies shall enter 
any part of the works without first being weighed and 
checked. 

The yard crane equipment is no less complete than the 
vailroad facilities. The crane arrangement between the pat- 
tern shop and foundry has already been described. There 
are traveling cranes similarly arranged between machine 
shops No. 1 and 2 and between the latter and the black- 
smith shop, the runways for these extending across the yard 
space between the easterly ends of these shops and the 
foundry. In Fig. 7 the ends of these three buildings appear, 
and the crane tracks and one of the cranes are clearly visible. 
In the distance is the stack of the power plant. 

It is a fortunate and pleasing circumstance in the life of Mr. 
Reynolds that he has lived to see the culmination of his 
efforts in the design and completion of this plant. He 
is over 70 years of age and his life has been marked by 
aggressive and original work in various branches of con- 
structive engineering. Before going to Milwaukee he was 
prominently connected with the Geo. H. Corliss engine works, 
Providence, R. I., which, under the direction of their founder, 
became the leading works of their kind in the world. When 
Mr. Reynolds went to Milwaukee the EH. P. Allis Co. were 
far from flourishing; but he has succeeded in doing with this 
concern in the West what Mr. Corliss did so long ago in 
the East; only on a more magnificent scale, and with the 
most elaborate plans for the future ever projected in the 


engine business. 
* * * 


MUW’S THE WORD. 


A curious tale of machine shop secrecy is told by a New 
England manufacturer of machines who recently made a trip 
to Australia and the neighboring islands, including New Zea- 
land, where at Auckland he had the following experience: A 
local dealer in machinery asked the New England man if he 
wished to see a remarkable machine, one of which the like 
was not to be seen in all New Zealand. Of course an affirma- 
tive answer was given, whereupon the proprietor of a local 
jobbing machine shop was approached and asked for the privi- 
lege of seeing the machine in his shop. After much argument 
and a lengthy explanation of the visitor’s business, the coun- 
try from which he came, etc., the privilege was reluctantly 
granted. <A portion of the main workroom had been parti- 
tioned off and the door leading into the little room thus made 
was always kept carefully locked. Even the belt holes were 
carefully screened so that none of the workmen in the main 
shop could peek through into the “holy of holies.” The pro- 
prietor unlocked the door, fearfully ushered his guests within 
and quickly shut and locked the door behind them. ‘There 
before them was a machine carefully covered with a tarpaulin 
which having, with due ceremony, been removed, revealed to 
the bewildered New England man, a Brown & Sharpe univer- 
sal milling machine! His astonishment can be imagined; 
also his embarrassment. He did not know whether to laugh 
at the matter as a practical joke or to get angry, so made 
some non-committal remarks and withdrew as soon as he 
decently could. When once safely away from the shop he 
took his New Zealand friend to task and asked him why in 
the name of common sense he had been taken to see a ma- 
chine with which he was, of course, perfectly familiar. The 
reply was that he, the New Zealander, wished to give the 
New Englander a practical demonstration of the difficulties 
which he met in selling new machinery. The proprietor of 
this shop had been enterprising enough to buy a milling 
machine and he did not propose that any of his rivals in 
business should get a glimpse of the machine or know any- 
thing about it. The proprietor had unboxed and set up the 
machine alone, and did all the jobbing work that came within 
its range. If the visitor had been from New Zealand or the 
neighboring island of Australia, he would have not been 
permitted to see it. So the dealer in machinery was unable 
to take prospective customers to this shop and there visually 
demonstrate to them the great advantages of the, to them, new 
machine. 


290 


SHOP CONSTRUCTION.—5. 


FLOORS. 
Oscar HE. PERRIGO. 


In the construction of mod- 
ern manufacturing buildings 
there are many methods of 
constructing a floor, varying 
all the way from the almost 
primitive “dirt floor’ of the 
forge shop to the close-joint- 
ed smoothly-finished hard- 
wood floor of the modern 
watch factory. Those which 
principally concern us in 
these articles, however, are 
such as are necessary in the 
modern machine shop, forge 
shop, iron foundry, etc., and 
these we may properly divide 
into six classes, viz: 

First, those composed ex: 
clusively of earth, as the floor 
Second, those composed of earth and 


of the forge shop. 
concrete, like the floor of an iron foundry, as shown in verti- 


cal section in Fig. 1. Third, those of stone and concrete, as 
the main or ground floor of a machine shop designed for con- 
structing and erecting heavy machinery, shown in Fig. 2. 
Fourth, those composed of stone or bricks, as required for en- 
gine and boiler rooms, etc., shown in plan in Figs. 3 and 4. 
Fifth, those of wood, supported by iron beams, as illustrated 
in vertical section in Figs. 5 and 6. Sixth, those composed 
entirely of wood, as shown in Fig. 7. 

There are also certain conditions which will, in a great 
measure, determine the kind of floor to be adopted, as, for 
instance, the situation, the kind of work to be done and the 
weights which the floor will have to support. As to materi- 
als, there are those of each kind which it might be perfectly 
proper to use in other portions of the work of construction, 
but which would be objectionable in a floor. Stone should be 
of such nature and quality as to remain firm and hard, with 
no disposition to crumble away. Hence granite is the best, 
although there are other kinds which are nearly as good for 
certain purposes, and much cheaper. Generally, such as can 
be obtained near the work are used, to avoid the cost of 
transportation. 

For paving, a hard, smooth-surfaced stone is needed. Sand- 
stone wears away easily, and, therefore the harder varieties 
are preferable. Slate makes a very smooth-wearing and satis- 
factory floor. Granite is not usually employed for this pur- 
pose owing to the expense of obtaining it and the cost of 
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Fig. 1. Earth and Concrete Floor. 


cutting. Paving bricks should be hard-burned and of a 
quality to insure toughness, so that they may not be easily 
broken by accident. Many brick companies, in different parts 
of the country, now manufacture bricks for street paving 
which possess aS good wearing qualities as most kinds of 
stone. Gravel should be free from soil, although a moderate 
quantity of sharp sand is not objectionable. When earth is 
used in making a floor a certain amount of clay should be 
added, to give an adhesive quality to the mass. Sand should 
be clean and sharp, free from soils and alluvial earth, and 
not too fine. 

Lumber should be so cut at the mill that the grain of the 
wood shall run as nearly as possible at right angles to the 
face of the board or plank, as shown in Fig. 9, rather than 
with the grain running in a direction nearly parallel with the 
face, as in Fig. 10. The reason for this is that the surface 
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of the planks shown in Fig. 9 will wear smoothly evel 
under very hard usage, while in the other case it will easily 
splinter up and present a very unsightly appearance, and 
will not last more than half as long as when properly cut 
from the log. Then, too, while the plank shown in Fig. 3 
will warp very little, if any, that in Fig. 10 has a great tend- 
ency to warp, owing to the direction of the grain, and to 
the fact that the sap or outer portion of a log, being the 
newer growth, is less dense and consequently will contract 
more in the process of seasoning. Therefore the tendency 
is to distort the plank to the form shown by dotted lines in 
Fig. 10. Logs are usually cut up at the mill on the lines 
shown in Fig. 11. The boards taken off at the right and leit, 
called “sidings,” are trimmed on their edges separately and 
sold at a reduced rate, while the remaining center portion 
of the log is cut into stock boards, or planks of regular width 
and thickness. 

To preserve the direction of the grain with relation to 
the faces of the boards or planks, the form of cutting shown 
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Fig. 2. Stone and Concrete Floor, 


in Fig. 12 would be advisable, but not as economical. This 
latter method is on the principle of quartering, as referred 
to in the furniture makers’ term of “quartered oak,’ for in- 
stance. This form of cutting is shown in Fig. 13. It gives 
comparatively narrow boards, is expensive, and generally 
used for expensive woods, and for expensive work, as for 
fine furniture. 

The main, or ground floor of the machine shop being in- 
tended to sustain moderately heavy weights, both of machines 
and materials—as well as the hard usage in moving: them 
from place to place, and the shocks of heavy work—is now 
usually made of concrete, and laid as shown in Fig. 2. In 
some cases those portions of floor included in the side wings 
are constructed of wood. This form is objectionable on ac- 
count of the obstruction formed by the joining of the concrete 
floor and the planks; for at this point the former is apt to be 
cracked and broken, and the latter dented, split and defaced. 
This is particularly so if the planks are a trifle higher than 
the concrete, as is likely to be the case when newly laid down. 
Then, too, where such a floor is of wood it is necessary to 
excavate a foot or so below the floor timbers, to provide an 
air space for preventing the decay of the materials. 

To lay a concrete floor for this purpose the earth should 
be excavated to the depth of from 18 to 24 inches, according 
to the weights which the floor is to carry. For ordinary 
purposes of machine shop work 22 inches is desirable and 
sufficient. If the ground is sufficiently firm at this level, no 
further preparation need be made. If soft and yielding, the 
excavation should be carried down to solid ground, and then 
filled up with solid earth, or still better with gravel, the 
excavation being flooded with water and the filling material 
thoroughly puddled as it is put in. On top of this bed should 
be placed a layer of coarsely broken stone, from 8 to 12 inches 
deep; and upon this a layer of crushed stones, none of which 
should exceed 2 inches in dimension. This layer should 
be from 4 to 6 inches thick. On this is spread a layer 2 to 4 
inches thick of concrete composed of one part Portland ce- 
ment, two parts clean, sharp sand, two parts clean gravel, 
and three parts fine crushed stone—all taken by measure, 
and not by weight. These ingredients should be mixed rather 
wet so as to settle well down into the spaces between the 
stones of the previous course. The concrete should be ram- 
med hard and made perfectly level. Then comes a coating 
of from % to 1 inch thick, consisting of a mixture of one 
part Portland cement and two parts clean, sharp sand, which 
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should be laid before the former course is dry, in order that 
the two courses may firmly unite. This last course is laid 
quite wet, to facilitate “floating’—that is, the levelling off 
and smoothing. 

Sometimes the intermediate course of concrete work is 
made up of shingle (coarse gravel, stones, or pebbles), mixed 
with hot coal tar or Portland cement; but this has the ob- 
jection that, whatevér be the medium used for cementing 
the mass, it will not adhere to the rounded surfaces of the 
pebbles as effectively as it does to the more porous surfaces 
of crushed stone. Therefore, where subjected to hard usage, 
this shingle is more likely to disintegrate and break up, than 
where crushed stone is used. 

The gallery floors of the machine shop are supported on 
built-up girders 20 inches deep, placed at each of the col- 
umns dividing the wings from the central part of the build- 
ing. Carried upon angle bars riveted to the girders at a 
proper height, are the ends of 3xl6-inch floor joists, placed 
20 inches from center to center, their upper edges coming 
21%4 inches above the top of the girders, which space is occu- 
pied by a spiking piece. On these joists is laid a floor of 
21%4x6-inch planks, planed on both sides and matched with 
tongue and groove. This construction is shown in vertical 
section in Fig. 6. The girders here shown may, of course, 
be solid I-beams, with angle bars riveted on them for sup- 
porting the ends of the joists. 

Where a lighter construction may be safely resorted to, 
on account of less weight to sustain, the form shown in Fig. 
5 is proper. In this case an I-beam is used, say 10 to 15 inches 
deep, and the ends of the joists rest upon the lower flange of 
the beam. They should be of such depth as to project a couple 
of inches above the top of the beam, as shown, to provide a 
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Fig. 3 


Stone or Brick Floors. 


space for a spiking piece. In either case the ends of the 
joists should be beveled as shown, so that they may drop 
out clear in case of fire, without displacing or warping the 
I-beams. 

Wood joists may be dispensed with altogether, if safety 
from fire is of more consideration than first cost. In this 
case I-beams of proper strength are laid upon the girders, 
or with their ends resting upon the lower flanges thereof— 
say 4 to 8 feet from center to center—and upon them are 
laid planed and matched floor planks from 3x6 inches to 
5x8 inches, according to the distance between supports and the 
load to be sustained. These are bolted to the upper flange of 
the I-beams. This arrangement is shown in Fig. 8. The 
vertical space occupied by these methods of construction 
varies considerably, as is shown in the engravings, and 
must be taken into account in designing the building. 

Where it is desired to support floors by wooden beams, 
the form shown in Fig. 7 is proper. The dimensions of the 
beams must be sufficient to carry the load, taking into con- 
sideration also the distance between supports. The ends of 
the beams resting in the brick wall should be upon a “header 
course’ of bricks, as shown, and the ends of the beam bey- 
elled off the same as if used in connection with an iron girder 
or I-beam, so that in case of fire the beam will fall freely 
out of the wall without injuring it. Floor joists are laid 
upon the beams in the usual manner and spiked to them. 
Wooden floor joists should be braced by a “bridging” of, 
say 2x3-inch scantling, as shown, placed at intervals of from 
4 to 8 feet, according to the dimensions of the joists and the 
weights they have to support. 

In using floor planks of 8 inches or over in thickness it 
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will be found more economical to groove both edges of the 
planks and insert a separate piece as a tongue, than to cut 
a groove in one edge and a tongue on the other. 

The selection of proper lumber for floors has already 
been referred to. It is often profitable to consider those 
things that have failed since it has been well said that “we 
learn as much by one failure as by two successes.” And the 
failures in shop floors are prolific sources of much annoy- 
ance and expense. A certain machine shop floor was laid 
upon round chestnut timbers, flattened on top and bedded in 
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Floor Supported by I-beam. 


gravel laid over “made land,” that is, loosely filled in with 
refuse matter of any sort easy to obtain. The floor proper 
was of 2-inch spruce planks. The result was that. within a 
year the chestnut timbers and the under side of the planks 
began to decay, and since that time about one-half of the 
timbers, and nearly all the floor planks have been replaced 
each year, the patching-up process going on at intervals, 
and the result being an unsightly as well as expensive and 
annoying affair. Within a hundred feet of this floor was 
another of 2-inch planks laid on 3x12-inch joists, supported 
on 12x12-inch timbers resting on piers, raising the floor about 
two feet above the ground. Twelve years after this was laid 
some planks were removed to put in a machine foundation, 
and the joists and timbers were found looking nearly as fresh 
and new as when they came from the lumber yard. Their 
elevation above the ground and the ventilation of this space 
by small gratings in the side walls were evidently the cause 
of their preservation. These cast-iron gratings, say 10x18 
inches, should be inserted at least every fifty feet in the 
walls of buildings whose ground floors are of wood, and at 
least a foot of ventilating space should be left between the 
ground and the floor. 

Another example, equally instructive, was a second floor 
of a machine shop. It was of 214x6-inch spruce planks, prop- 
erly supported. They were grooved on each edge *%-inch 
wide and strips were inserted as shown in Fig. 14. The 
builders evidently thought that planks 214x6 inches, with in- 
serted tongues, would make a good and substantial floor. 
And so they. would have, but the unfortunate selection of the 
planks included many with the grain running in the wrong 
direction, which caused much warping and distortion. Fig. 
15 is from a sketch taken at the head of a stairway, careful 
attention having been given to the direction of the grain 
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Floor Supported by Built-up Steel Beam. 


and the distorted form of the planks. It is, perhaps, need- 
less to say that the tongues were split, and in some cases the 
planks also. 

Formerly the timbers most used in ordinary construction 
were of spruce. While this wood is well adapted for floor 
planks, it has very serious objections when used as sup- 
porting timbers. There is great liability to warp, twist and 
crack as the seasoning process goes on, while its strength is 
not as great as some other easily obtained woods. For 
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instance, hard pine is superior in this respect, while it is 
about 35 per cent. stronger than spruce, and its usual cost 
is only about 20 per cent. greater. 

The foundry floor is subjected to a very considerable 
weight, both in molding sand and in the castings produced, 
but the rough usage and shocks which the machine shop 
floor is called upon to withstand, are not met with here. 
Consequently there is no need of such an expensive prepara- 
tion. The ground is prepared in the same manner as for the 
machine shop floor, except that it is only 12 inches below the 
floor line. This space is first covered with a 4-inch layer of 
crushed stone, over which is poured a thin mixture of one 
part Portland cement and two parts sand, mixed rather wet. 
Then a concrete is made of the same mixture and finely 
crushed stone, and laid to a depth of about 3 inches. On top 
of this is spread a flowing coat of the cement and sand mix- 
ture from % to %-inch thick, which is properly levelled off. 
All this having thoroughly set, the remaining portion of 
about 4 inches is made up of molding sand. 

Pits are dug in the central portion of the foundry floor, of 
such number, area and depth as the contemplated work ren- 
ders necessary. The bottom is covered with 6 inches of 
concrete and laid with two courses of hard bricks. The 
side walls of the pits are 8 inches thick and are built of hard 
bricks, all laid in cement mortar. The top of the wall is level 
with the final cement coat of the floor. If castings of ten 
tons or over in weight, and with comparatively small bases 
are to be made in one of these pits it will be necessary to 
put down a more substantial bottom. Excavation should be 
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might be made thick enough to endure these conditions, 
but would be quite expensive and would answer the purpose 
no better than a hard-rammed floor of earth, as above de- 
scribed. 

For the floor of the boiler room, flag-stones, or hard-burned 
bricks may be used, whichever is found most convenient. 
If stones are used they should be cut to a certain width, in 
one direction at least, in order that they may be laid in 
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Fig. 8. Floor Supported Entirely by Steel Beams. 


courses so as to “break joints,” as shown in Fig. 3. They 
should be from 1% to 2% inches thick. Supposing the ground 
to be sufficiently solid for the purpose, it is prepared by 
levelling, the same as heretofore described and at least 4 
inches plus the thickness of the stones below where the top 
of the floor is to be. Sharp sand should be filled in 4 inches 
deep, and the stones laid upon this, the sand being rammed 
closely under each course as laid. When completed, dry sand 
to the depth of 1% inch is spread over the whole and swept 
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Methods of Sawing up Timber. 


made to solid ground, or “hard pan,” and large stones laid 
in cement mortar built to within about a foot of what is to 
be the bottom of the pit. Then proceed as above for making 
ready for the side walls. Care should be exercised in ram- 
ming or puddling, or both, to fill in around the side walls. 

The floor of the forge shop is a still more simple matter 
than that of the foundry. The ground is prepared as before, 
and levelled off a foot below where the top of the floor is to 
be. This space is filled in with clean gravel mixed with clay, 
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Fig. 7. Floor with Wooden Beams. 


in the proportion of three parts of the former to one of the 
latter, laid down wet and thoroughly rammed down with a 
broad-faced rammer. Sharp sand, or the fine cinders from 
forges are sifted over this to prevent the surface from be- 
coming muddy when accidentally wet. In the case of a 
forge shop, concrete is hardly advisable, being liable to be 
broken up by the heavy shocks from hammers and the 
rough usage to which it would be subjected. Of course it 


back and forth to force as much as possible down through 
the joints. This is the cheaper and more simple method. 
If it is desired to make a more substantial pavement, the 
earth should be levelled off at such a height that only an 
inch space is left between it and the stones, and an inch 
course of a mixture of one part Portland cement and two 
parts of sharp sand worked up rather soft. The stones are 
laid on this while it is wet, and all spaces filled as each course 
is laid and levelled. Some masons may prefer to make this 
mixture with a portion of lime added, the same as in cement 
mortar. 

Should bricks be used they may be laid on either the sand or 
cement bed the same as described for stone, except that about 
half the depth of sand will be sufficient. They should be ar- 
ranged in the form shown in Fig. 4, by which method they are 
firmly bound together, and, if laid only upon sand, will retain 
their places for a long time. They are in some respects to be 
preferred to stone. Where the ground is soft or has soft 
spots, it will be necessary to excavate to comparatively hard 
ground and then fill in with solid earth—preferably gravel— 
which is to be tightly rammed or puddled to make it firm. 
Upon this the layer of sand may be placed as described. 

It is sometimes desirable to have engine room floors paved 
also, and occasionally with much larger and heavier stones 
than those described above. They should be carefully laid 
in cement mortar on a good concrete bed. If rolled-iron 
plates, or cast-iron plates are to be used they should be sup- 
ported by brick piers and iron bars, or by brick walls sup- 
porting their ends, and at other points if their dimensions 
render it necessary. Cast-iron plates may be made with 
strengthening ribs on their under side, by which means the 
supports may be much further apart. 


February, 1903. 


The modern engine room is a much better appointed de- 
partment than formerly. It should have a floor of narrow, 
matched hard pine, smoothly levelled off by hand planing, 
and the surface kept oiled with boiled linseed oil. The 
floor of the storehouse is of 2-inch planks laid on 8x12-inch 
joists, placed 15 inches from center to center, which in turn 
are supported by timbers 10x12 inches, placed 10 feet apart, 
from center to center and resting on piers, leaving 15 feet 
between supports. If the load which this floor is to carry 
warrants it, this distance should be reduced to 10 feet. The 
floor planks may be matched if desired, but for a floor for 
heavy machinery storage they need not be either matched 
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A Floor that Warped out of Shape. 


or planed. The carpenter shop floor is of similar construction 
to the above except that the joists are 2x10 inches, laid 18 
inches from center to center, and supported at distances of 
13 feet by 8x10-inch timbers, resting on piers 10 feet apart. 

The cupola platform of the foundry is of 2%-inch planks 
laid on 3x12-inch joists, placed 12 inches from center to 
center, and supported in their centers by a 10x12-inch beam, 
whose ends rest in the brick walls, and its center upon an 
8x8-inch post. The floor, at least in the vicinity of the cupola, 
should be protected by sheet iron smoothly nailed down. 
If preferred, the floor may be constructed entirely of iron. 
In this case, plate girders or I-beams should carry cross sup- 
ports and the floor be composed of cast-iron plates reaching 
from one support to the other, and having supporting ribs 
cast on their under sides. This form would, of course, make 
a much better method of construc- 
tion, and in such a situation, much 
safer from the danger of fire, al- 
though more expensive. 

The floors of the washrooms in 
the power house are of 144x6-inch 
matched planks, planed on both 
sides, and laid on 2x12-inch joists 
placed 16 inches from center to 
center. 

Floors in the office building, in- 
cluding the drawing room and pat- 
tern shop, are laid with a lining of 
ordinary pine “‘%-inech thick, and 
covered by 1%-inch hard pine, 
planed and matched, and not over 
3% inches wide, with the grain of 
the wood as shown in Fig. 9 The 
floors are laid on 3x 12-inch joists 
placed 16 inches from center to cen- 
ter and supported by 10x12-incn 
beams set 12 feet from center to 


center. For the second floor these 
beams are supported on iron col- 
umns in the office and on 8&x8-inch 
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one end resting in the front wall and the other on an 18- 
inch box girder carrying the rear wall and resting on iron 
columns, as shown in the plan. 

As to the kind of lumber used in the floors of manu- 
facturing buildings, spruce is by far the most common, and 
if properly selected is best for all ordinary purposes. Hard 
pine makes an excellent floor and is preferable where extra 
expense is not an obstacle. Occasionally when cost is a 
secondary consideration, and a perfectly smooth surface is 
necessary, floors of hard maple are laid and carefully sur- 
faced off by hand-planing. This makes probably the most 
durable of any of the wood floors. 

The writer saw a floor about 125 x 250 feet, prepared with 
a concrete bed and then laid on the wet flowing coat with 
hard maple blocks 2-inch x 4-inch x 12-inch laid on edge and 
in the “herring-bone pattern” shown for bricks in Fig. 4. 
After the concrete had thoroughly set the surface was hand- 
planed and oiled. Of whatever kind of wood floors are made 
the material should be well seasoned, and if shrinkage cracks 
are to be avoided, the narrower the planks are the better, al- 
though three inches may be the minimum width. If they are 
three inches thick or more, then six inches should be the mini- 
mum width. 

* * * 


CAMMING AUTOMATIC SCREW MACHINES. 


EXPLANATION OF PRINCIPLE, AND DEMONSTRATION. 

Very little has ever been published on the subject of cam- 
ming automatic screw machines of the Spencer or Hartford 
type for the reason, we believe, that the problem has been 
usually attacked by the “cut-and-try-method” in which “judg- 
ment” and the personal experience of the tool-maker doing the 
camming were the principal factors, calculations being ig- 
nored as much as possible. We do not mean by this that the 
universal practice is to follow this method for, happily, it 
is not; but the methods pursued by those who handle the 
problem intelligently have not, with possibly a tew excep- 
tions, been given to the public. For this reason we think the 
following reprint of an article on the subject by W. A. Jeboult 


TT 


posts in the tool room, set 16 feet 
apart, making four posts or col- 
umns in the building 50 feet square, outside measurement. 
The timbers of the ground floor are supported on brick rising 
from the ground, which is excavated to a depth of at least 
three feet below the floor. One of these piers is under each 
post or column. In place of wooden beams and joists, iron 
or steel girders or I-beams may be introduced, making a con- 
struction more nearly fireproof, particularly for the second 
floor, but adding materially to the expense. 

The floor of the pattern storage loft is of 114-inch matched 
planks laid on 3 x 12-inch joists placed 16 inches from 
center to center and supported by I-beams 15 inches deep, 


Fig. 2. 
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Fig. 1. End and Side Elevation of Screw Machine. 


published a few weeks ago in the Mechanical World (Man- 
chester), will be found to be of unusual interest. We hope 
to get something on the same subject from our contributors 
who may be able to give information of further interest. 

Fig. 1 is a side view, and Fig 2 an end view of the machine 
to which the cams are to be fitted. A A are the main driving 
pulleys on the countershaft. The drum shaft is driven from 
the countershaft by the feed pulley ©, thus driving either of 
a pair of pulleys D, which contain a differential gear, and 
so can drive the worm £ one revolution for one revolution 
of the differential gear pulley (the fast feed), or one revolu- 
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tion of worm wr for 60 revolutions of the differential gear 
pulley (the slow feed), the ratio of the differential gear in 
this case being 60 to 1. The fast feed is used when bringing 
the tools, etc., up to the work, unlocking and revolving the 
turret, also when opening and closing the chuck, feeding the 
stock, etc.; the slow feed is used when the tools are actually 
cutting. The worm £ drives the worm wheel F, and thus 
revolves the drum shaft to which the drums and disks are 
keyed. To the change feed disk @ are clamped adjustable 
dogs, which engage with a pin on the end of a belt-striking 
lever (not shown), and so shift the belt from the fast feed 
differential gear pulley to the slow feed differential gear 
pulley and vice versa. The turret slide cam drum # has 
cams fixed to it, and moves the turret backward or forward 
by the cams pressing against the bowl (roller) J. As the tur- 
ret is brought backward, a fixed cam on the turret slide with- 
draws the locking pin, and as soon as this is effected a lever 
engages with an indexing ring fixed to the under side of the 
turret, and so revolves it, thus bringing the next tool into 


CHUCK CHUCK 
ae 
CONDITION OF THE STOCK AT | 


THE END OF EACH OPERATION 


MACHINERY. 


February, 1903. 
Gama drunise Ae andi Orwancetndeeetet eter Diameter 21 inches 
Outcotis disks Sie ciece ene henna ene Diameter 14 inches 
Bowl Sad: eee a GeO) Sienna eo eure Diameter 1% inches 


We also measure the distance from the edge of the turret- 
slide cam drum (see Fig. 3, left-hand side) to the farthest 
“out” and “in” positions of the bowl J, and see at what dis- 
tance from the edge of the drum the unlocking and revolving 
of the turret take place. On the chuck and stock feed cam 
drum we measure the distance from the edge of the 
drum to the position of the bowl P when the chuck is closed, 
and again when the chuck is open; also the position of the 
bowl Q when the stock feed collet is as far forward as it 
will go. This position had better be taken when the chuck 
is open. The distance from the edge of the drum to the 
position of the bowl Q, to give the longest feed of stock that 
the machine is capable of taking, is also measured. Now, 
referring to Figs. 1 and 2, the bowl J is on the vertical cen- 
ter line, but it will be seen that the bowls P and, Q are not 
on the vertical center line, but at equal distances on each 
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Figs. 3 and 4. Diagram showing Method followed in Laying Out the Cams of Automatic Screw Machines. 


line, the locking pin then being forced in by a spring. The 
cut-off disk K, to which are fixed the forming and cutting off 
cams, ete., works the cut-off rest through the double-ended 
levers L and M, which are placed one on either side of the 
disk. The change speed disk N has adjustable dogs clamped 
to it, which alter the position of the driving belts on the 
head to fast or slow speed, or forward and reverse, etc., as 
required. The chuck and stock feed cam drum O has cams 
fixed to it, which open and close the drawback collet chuck 
by means of the bowl P, etc.; this drum also takes the cams 
which work the stock feed by the bowl Q. The following are 
the particulars required for the case under consideration: 


Main driving pulleys A.......... Diameter 12 and 8 inches 
Reed pull yeC rites ee i cuoetee ten oes Diameter 7144 inches 
Backrshatt. DUMey Se Bise cee a eteeen. Diameter 9 inches 
Ratio of 2ear. ins head awasceae es SmeOee 
Differential gear pulleys.......... Diameter 12 inches 
Ratio of differential gears, fast feed IE Keak, 

Ratio of differential gear, slow feed 60 to 1. 


Worm #H 
WiOTIMew:leellieh 0tacend. 1 eee eee eels 


Single thread 
No. of teeth, 104 


side of it; this distance should be measured. These posi- 
tions of bowls can be drawn down to any convenient scale, 
as shown to the left of Fig. 3. We also draw two rectangles 
to represent the two cam drums, developed as shown. The 
chuck and stock feed cams may also be drawn in. To start 
with, we assume that the chuck is closed, and that the bowl 
P runs up the cam 1 until the “open” position is reached. 
We now lay out the position of the stock feed bowl Q to 
feed the longest amount of stock the machine will feed, and 
at the same distance between P that there is between P and 
Q in Fig. 2. We next draw in the stock feed cam 3 just clear 
of the bowl, to be sure that the chuck is quite open before 
the stock commences to move. The bowl Q runs up the stock 
feed cam 3 (which is set at 50 deg.) until the farthest “in” 
position is reached; then the corresponding position of P 
can be laid out, and the chuck-closing cam 2 drawn in just 
clear of the bowl P, which runs up cam 2 and closes the 
chuck. The retaining cam 4 is to prevent the closing of the 
chuck from forcing out the stock feed. The stock feed re- 
turning cam 5 is adjustable, the amount of stock fed for- 
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ward being regulated by the position in which cam 5 leaves 
the bowl Q. This cam can be put in any convenient position 
on the drum, but it is advisable to keep all the cams or 
this drum within half the circumference, so that should a job 
have to be done on the machine necessitating the chuck and 
stock feed to be operated twice in one revolution of the cam 
drum, the extra set of cams could be put on without displac- 
ing any already fixed. It should be noticed that in the exam- 
ple the stock feed cam 3 will feed forward the greatest 
length of stock that the machine will take, although not re- 
quired in the present case. These cams can therefore be 
considered as standard for the machine. 

The turret slide cams are not quite so simple, and a few 
calculations must be made previous to starting; also the 
list of operations and travel of tools settled. The sample 
under consideration is first to be centered at 150 cuts per 
inch; then to be rough-drilled at 175 cuts per inch; then 
finish-drilled at 60 cuts per inch—all these operations 
being done on the fast speed of the spindle. Then a steady 
is to run up, and the forming to be done at 400 cuts per 
inch on the slow speed of spindle, the steady to return, and 
cutting off to take place at 200 cuts per inch on the fast 
speed of spindle, thus using all four holes in the turret 
and maximum travels. 

Now construct the diagram of cutting angles of turret 
slide cams, Fig. 4. It should be noticed that all the ma- 
chining operations performed by the turret are done when the 
machine is running at the fast speed and slow feed, so that 
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inches. Assume a Db c d, Fig. 4, to be a portion of the turret 
slide cam drum laid out flat. From e, at the distance 1.48 
inches, drop the perpendicular f g, and h, 1 inch down 
on fg measured from the line ab, draw a line joining e. Now 
it will be obvious that if a cam is fixed on the drum to 
coincide with the line eh, while the drum moves from e to f 
the turret will move from f to h; and as the distance e f 
is equal to 100 revolutions of the spindle, and f h is equal to 
1 inch, then the angle efh is the angle for a cam to give 
100 cuts per inch. For convenience it is necessary to con- 
struct the diagram larger than efh, so we multiply ef and 
fh by any suitable number (in the example it is 7, this giv- 
ing a diagram large enough to work from). To obtain any 
other number of cuts per inch, it will be noted that 200 is 
half the length of the line 7 k for 100 cuts per inch; 400 is 
half the length of the line for 200, and so on. 

The turret slide cams can now be proceeded with. Re- 
ferring to Fig. 3, while the chuck was closing, the cam 6 
had carried the bowl J nearly up to its work, allowing a little 
clearance, to be sure the chuck was closed before the center- 
ing tool began to cut. The amount of travel on the slow 
feed for centering having been decided on, the angle of the 
cam for 150 cuts per inch can be obtained from the diagram, 
and drawn in. The bowl J can then be shown at the end of 
its travel. It is understood that no cams are to be placed 
on the drums that would force the bowls further than their 
extreme positions shown at the left of Fig. 3. The returning 
cam 7 can next be drawn in, allowing room for the bowl 
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Fig. 6. 


the diagram is to be constructed for the fast speed and 
slow feed only. The first thing to know is the number of 
revolutions made by the spindle when running at the fast 
speed, for one revolution of the cam drum. This can be 
obtained from the list of particulars, thus: 


Worm wheel fF’, 104 teeth. 
Worm #, single thread. 
Differential gear shaft = 104 revolutions. 
Ratio of differential gear, slow feed, 60 to 1. 
Differential gear pulley D = 104 x 60 = 6240 revolutions. 
Differential gear pulley D = 12 inches diameter. 
Feed puliey C = 714 inches diameter. 

6240 x 12 
Countershaft = t——-—— = 10,000 revolutions. 

7.5 


Main driving pulley A, fast speed, 12 inches diameter. 
Back shaft pulleys B, 9 inches diameter. 
10,000 x 12 


Back shaft = ———. = 13,333 revolutions. 


9 
Ratio of gear in head, 3 to 1. 
138,333 


Revolutions of spindle for one revolution of drum, = 4444 


The diameter of the cam drum is 21 inches, and the cir: 
cumference is 65.973 inches, so that the number of revolutions 
made by the spindle for 1 inch circumferential travel 


4444 
of the drum =—— = 67.4. 
65.9 


Then the circumferential length 


1100 


of drum to equal 100 revolutions of spindle = es 148 


67.4 
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Fig. 7. 


to pass between the cams 6 and 7; the end of cam 7 is taken 
off to revolve the turret a trifle slower, and bring the turret 
to rest with less shock; the rough and finish drilling cams 
can be treated in a similar manner to the centering cam 6. 

The steady cam 12 can be drawn in, and at the position 
where the bowl J has carried the steady up to its work, a 
line can be erected showing where the forming is to start. 
The forming and cutting off being done by cams on the cut- 
off disk, these must be considered separately, and then re- 
ferred back to the turret slide cam drum. The cut-off and 
forming tools are to be kept far enough apart when in the 
mid-position to let the box tools pass between; this is very im- 
portant on some jobs. 

Fig. 5 shows the cut-off rest in mid-position and the form- 
ing lever L about to run the cut-off rest up to the job; the 
cut-off and forming levers are the same length on each side 
of the fulcrum. For the job in hand it is necessary to 
form 14-inch deep; to this we add an extra 14-inch for contin- 
gencies, making *%-inch deep at 400 cuts per inch on the 
slow speed of the spindle. The number of revolutions made 
by the spindle when on the slow speed for one revolution 
of the drum is 2,963, which number is obtained by the same 
method as used for the fast speed. The revolutions of spindle 
required to form *%-inch deep at 400 cuts per inch is 


400 X 38 


=150. While the drum makes one revolution or 
8 
moves through 360 deg., the spindle on the slow speed makes 


2,963 revolutions; then the number of degrees moved through 
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by the drum while the spindle makes 150 revolutions on the 
360° X 150 
slow speed = == 8-2 pe Says Jdtou, sb hes pOLtions OL 
2963 


the cam 15 is laid out as shown in Fig. 5. The radius for p 
qg, which is the part of the cam used when the forming tool is 
cutting, is approximately correct if taken as half the dia- 
meter of the disk; but in the case of a cam containing a 
large number of degrees, a correct spiral form should be used 
to give a uniform cut. 

Fig. 6 shows the forming lever L after forming is finished 
and the cut-off lever M is about to move the cut-off slide 
across and bring the cut-off tool into action. We leave for 
the present the portion s ¢ of the cutting-off cam 16, Fig. 5, 
used when machining takes place. The portion r s of the cam 
that moves the cut-off rest up to the job quickly had better 
be considered, and what applies to this cam, equally applies 
to the portion  p on the forming cam 15, and wu v on the re- 
turning cam 17. It is usually necessary to move the cut-off 
rest over the idle portion of its travel for the least possible 
movement of the disk. In the present case it is necessary 
to move the cut-off rest after the forming is finished to where 
the cut-off commences, and again after the cutting is finished 
to the mid-position, for the least possible movement of disk, 
and so save a lot of idle or waste space on the turret slide 
cam drum. In the case of the forming cam it is of less 
account as there is a lot of space on the drum _ previ- 
ous to where the forming starts that is used for 
returning the finish drill and running down the steady, 
and this space can be utilized when running the forming 
tool up to the job. The eifective leverage 2 should 
be kept as long as possible, but of course the shorter the 
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Fig. 8. 


effective leverage the quicker the slide moves. Another point 
to watch when working on these quick portions of the cams 
is that the opposite lever clears the cam it is leaving. 

Having settled that portion of the cutting-off cam 16 that 
moves the cut-off rest up to the job, the portion s ¢ that is 
used when machining can be considered. It is required to 
cut off %-inch deep at 200 cuts per inch; and allowing an 
extra ¥-inch, this makes %-inch total depth. The number 
of revolutions of the spindle, when on the fast speed, to one 
of the drum equals 4,444; the revolutions of spindle to cut off 


200 x 8 
a 150 
4 


using the same method as described for the forming cam, the 


%-inch deep at 200 cuts per inch Then 


number of degrees moved through by the drum while the 
¢ 150 360° 

spindle makes 150 turns on the fast speed — x 
4444 at 


= AS Bey ASS 
shown in Fig. 5. 

Fig. 7 shows the cutting off finished and the forming lever 
LZ about to return the cut-off rest to the mid-position. Fig. 
8 shows the cut-off rest back in the mid-position. 

The disk cams have been dealt with at some length so that 
their action might be thoroughly understood. When laying 
these out it is only necessary to draw the forming lever L 
and the cut off lever M in the mid-position, and at the “fin- 


This portion of the cam 16 is set out as 
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ish forming” and the ‘finish cutting off” positions; then to 
draw the cams on a piece of tracing paper on the top, which 
can be moved round for the different positions of the levers, 
in a similar manner that the positions of the disk and levers 
are shown in Figs. 5, 6, 7, and 8. 

These cams can now be referred to the turret slide cam 
drum in the following manner. From the “start forming” 
to the “finish forming” the cut-off disk moves through 181°; 

65.97" & 18.5° 


then the equivalent distance on the drum is 
360° 
— 3.39 inches, which can be laid off on the drum from the 


“start forming’ line. Again, the number of degrees moved 
through by the disk from the “start forming” to the start 


cut off is 59°; the equivalent distance on the drum is 

65.97" x 59° 

aS =10.8 inches. This can be laid off on the 
360° 


drum from the “start forming” line, other positions being 
obtained in a similar manner. 

Having laid down all the cams, it is necessary to see that 
the cutting-off tool is well clear of the job before the chuck 
commences to open. Possibly it will be found that it is not, 
in which case the cams on the turret slide cam drum and 
cut-off disk should be looked through to see if any space 
on the drum can be saved. If this is insufficient, a different 
size of feed pulley C should be used. 

No hard and fast rules can be laid down as to what 
angles should be used, as these will vary for different ma- 
chines owing to the difference in details, and hence each ma- 
chine must be considered independently. 


% * * 


MACHINE TOOLS AND MACHINE SHOP PRAC- 
TICH DURING THE TEN YEARS 
FROM 1890 TO 1900. 

Regarding the development of machine tools and machine 
shop practice during the ten years that elapsed between 1890 
and 1900, Mr. Edward H. Sanborn says, in Bulletin No. 247 
on Metal-working Machinery, that progress has been marked 
by the following significant features: 

1. The automatic and semi-automatic principles have been 
extended to new and larger classes of work than before. 

2. The forming tool has become a recognized shop appli- 
ance. 

3. The “oil-tube drill” has been developed from an excep- 
tional to a regularly used tool. 

4. Compressed air portable tools have been developed sub- 
stantially from the beginning. 

5. The application of the power press has been greatly 
extended. 

6. Electrical driving has come into general use. 

7. The system of heavy portable machine tools in conjunc- 
tion with a massive iron floor plate has been originated. 

8. The grinding machine has been largely increased in 
size, power, and extent of use. 

Closely related to machine shop practice, though scarceiy 
coming within mechine-tool classification, may be mentioned: 

9. The development of traveling cranes. : 

10. The origin of high-speed steels for cutting tools. 

These lines of development may be discussed briefly in the 
above order. 

1. The extension of the semi-automatic principle, as illu- 
strated by the hand-operated turret lathe, has been chiefly 
toward the execution of larger and heavier work, while the 
use of the entirely automatic turret lathe has been not only 
in the same direction, but has been adapted to entirely new 
classes of work. An illustration of the first line of develop- 
ment is found in several types of turret lathes which, al- 
though employing certain methods of attacking the work 
which were not known before their advent, is nevertheless 
essentially an extension of the turret principle to larger 
work than had before been done by it. 

An illustration of the second line of development is to be 
found in the ‘magazine feed’ full automatic turret lathe. 
Prior to the advent of this machine, the full automatic ma- 
chine had been employed exclusively for making screws, 
studs, etc, from bar stock which was fed to the machine 
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through the hollow live spindle, the pieces being first turned, 
threaded, etc., and then cut off, when the bar of stock was 
fed downward and another piece made, the operation con- 
tinuing until the bar of stock was used up. The new ma- 
chine applied the automatic principle to the machining of 
parts which, when in the rough, were already in separate 
pieces, i.e., castings or drop forgings. In doing such work 
the finished piece must be taken bodily from the machine 
and a new rough piece inserted. This is a fundamentally 
different operation from merely pushing a long bar of stock 
to a new position. It is effected by the “magazine feed,” 
the magazine being filled with rough parts by the workman, 
these parts then being automatically inserted in the machine 
and removed therefrom when finished. The line of develop- 
ment exemplified by the machine first mentioned belongs to 
the entire decade, while that exemplified by the other belongs 
to its close. 

Another. line of development in this class of machines 
which should be mentioned is the use of multiple spin- 
dles, whereby the output of certain classes of work is very 
greatly increased—to the extent vu: a threefol” ~atio in some 
instances. An outgrowth of this devc:ispment has been the 
making of small brass screws and similar articles withour 
money consideration, the chips cut off in making the articles 
being accepted as sufficient payment fer doing the work. 

2. The use of the forming tool goes back of the decade 
under consideration, but its use prior to 1890 was chiefly, 
if not entirely, for the making of articles from very soft com- 
position castings, examples of the work being seen in the 
caps of salt and pepper boxes. The application of the princi- 
ple to harder material came about in connection with the 
bicycle industry, one of its final applications to articles of 
steel being in the making of bicycle-wheel hubs. If this is 
not the first application of the method to steel, at least it 
familiarized the mechanical public with it, and from this it 
has come to have quite an extended application. 

3. By the “oil-tube drill” is meant a drill—either flat or 
twist—having an oil tube or oil channel leading to or near its 
point, through which a current of oil may be forced to 
lubricate and cool the cutting edges and to wash away the 
chips. It is used chiefly for deep drilling in steel and usually 
in machines of the lathe class, in which the work revolves 
against a fixed drill, although the arrangement is also used 
in upright drilling machines, in which the tool revolves. 
The history of this appliance is almost exactly parallel to 
that of the forming tool. It was known and used to a limited 
extent before 1890, having first been used for the drilling 
of gun barrels; but its more extensive application must, like 
that of the forming tool, be credited to the bicycle industry, 
the development of the two tools being, in fact, simultaneous. 
The forming tool having been successfilly applied to the 
machining of the outside of bicycle-wheel hubs, it was found 
that a portion of the gain due to its faster action was lost 
because the simultaneous drilling of the hole required more 
time than the work upon the outside of the piece. This condi- 
tion of things led to the adoption of the oil-tube drill for this 
work, and from this application the use of the appliances 
has become widely extended. Of the two, the oil-tube drill is no 
doubt the more important. The increasing use of hollow- 
spindle lathes and automatic and hand-operated turret lathes, 
in which the spindles are necessarily hollow, not to mention 
milling and other machines having hollow spindles, has given 
a wide field of usefulness to this tool. 

4. The numerous class of small and unpretentious pneu- 
matic tools which came into prominence and extended use 
during the decade under review may, it is quite possible, 
be looked upon as the most important single machine tool de- 
velopment of the decade. Of these, the first in order of im- 
portance as well as of time is the pneumatic hammer. 
Originally devised as a substitute for the hand hammer and 
chisel in the machine shop and in stone-cutting, it has ex- 
tended its field of usefulness to many other fields, and is 
to-day an indispensable tool in shipbuilding and in the erec- 
tion of steel-frame buildings. Of the general class of com- 
pressed air tools, the next in importance to the hammer is 
perhaps the rotary drill, which, in its numerous forms and 


MACHINERY. 


297 


applications has introduced mechanical power in place of 
hand labor for classes of work to which the application ot 
mechanical power seemed almost hopeless. These and numer- 
ous other applications of compressed air to machine and sim- 
ilar work stand almost wholly to the credit of the decade 
1890 to 1900, the hammer alone having been in use prior td 
1890. 

5. The great expansion in the use of power presses which 
has taken place during this decade must be credited largely 
to the growth of the electrical industries. The advent of 
the laminated armature for electric generators and motors 
called for accurately-made punchings of sheet metal of a 
size and in numbers previously unknown. The power press 
furnished the natural method of making them, and in its 
development the capabilities of the machines were demon- 
strated as they had never been before. 

6. The electric motor as a means of driving machine tools 
was first seriously proposed about or shortly before the mid- 
dle of the decade, and was generally looked upon by mechani- 
cal men as a fad of the electrician. The innovation never- 
theless obtained a foothold, and advantages which were not 
foreseen were tound to attend it. It has become the accepted 
method of driving factories (a@) which are composed of many 
departments, the flexibility and economy of the system in 
distributing power over a considerable area from a central 
station being here the factor of dominating importance, and 
(b) those which are of a nature requiring tools and machines 
to be located at considerable distances apart, especially if 
they are also to be intermittently operated. It is also making 
rapid progress in machine shops, to which the above limita- 
cions do not apply, though in such applications opinion re- 
garding its merit is still unsettled. A leading controversial 
point is the attachment of individual motors to each machine 
tool versus group-driving of several machines through a 
single motor and a line shaft. There are well-defined condi- 
tions under which each method is suitable, but there is still : 
a wide intervening field of debatable ground. As a matter 
of fact, in this field the individual motor is making rapid 
progress—more so perhaps than can be readily explained. 

7. Like the increased development of power presses, the 
floor plate portable tool system of attacking heavy work 
must be credited to the electrical industries, which in this 
instance, curiously enough, furnished both the work for 
which the system was first devised and the means for doing 
the work. It was to the machining of the ring or magnet 
frames of large electric generators that the system was first 
applied, and the electric motor supplied the only practicable 
method of driving the tools which form part of the system. 
The system has not yet found much application outside of 
electrical work, although a beginning has been made, and 
this growth will doubtless continue. 

8. The grinding machine was first devised during the past 
decade as a means of doing superior work, but it was not 
long before it became evident that it was a source of economy 
as well as a means of securing superior workmanship. The 
full significance of this was, however, slow to be realized, 
and it was not until toward the close of the decade that the 
movement began toward a very marked increase in capacity, 
weight, and power of the machine. 

9. In no feature of machine shop practice has there been 
greater progress in American shops during this decade than 
in the provision of crane facilities. Twenty years ago the 
absence of these facilities was a national reproach, but to-day 
there is undoubtedly better crane service in the United States 
than exists elsewhere. This development is to be credited 
to the electric motor, without which it is at least doubtful 
if the present stage of progress could ever have been reached. 
The mere transmission of the power required for cranes of 
present capacities by the old square shaft or flying rope would 
be a serious problem. Electricity furnishes, in fact, an ideal 
method of driving cranes, and the necessary installation of 
an electric plant for operating cranes has no doubt greatly 
furthered the adoption of electric power for other purposes. 

10. Within the last few years discoveries have been made 
whereby certain classes of tool steel are made to endure 
cutting speeds which before were impossible. Like all other 
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useful things these steels have certain limitations and it is 
too early to state definitely what their ultimate economic 
importance will be. It is reasonably certain, however, to be 


considerable. 
* * * 
STANDARD EQUIPMENTS FOR MOTOR-DRIVEN 
PLANERS. 


The G. A. Gray Co., manufacturers of planers, Cincinnati, O., 
have devoted a great deal of attention to the arrangement of 
motor drives for their machines, and have so systematized the 
methods for motor attachment as to have certain standard 
forms of brackets and connections between motor and planer 
adapted to all requirements. They are prepared to furnish 
three different types of standard drives for their spur-geared 
planers and two types for their spiral-geared planers. 

A motor drive is made up of two parts, the electrical, or 
motor equipment, and the mechanical, or supplementary equip- 
ment, which latter includes the countershaft, pulleys, etc., 
with brackets cast on the housings, and shelf fitted to same, 
for supporting the apparatus. These latter are so designed as 
to be adapted to any type of motor that may be applied to the 
planer, so that it will not be necessary to prepare special draw- 
ings or patterns to meet the needs of different customers. 
Thus, if a customer orders a planer and states that he wishes 
to use a motor of certain make and which runs at certain 
speed, the particular style of drive adapted to the specifica- 
tions is selected and the brackets are cast on the housings 
from the regular patterns in stock. 

The three types of motor drive adopted for the spur-geared 
planers are as follows: 

The silent chain-geared drive, Fig. 1 on the opposite page; 

The direct-connected drive, Fig. 2; 

The motor-belted drive, Fig. 3. 

The two types of drive for the spiral-geared planers are: 

The self-contained drive, illustrated in Fig. 4; 

The motor-belted drive, illustrated in Fig. 5. 

It will be noticed that the silent chain-geared drive, Fig. 1, 
is entirely self-contained, and permits the use of a medium or 
high speed motor, instead of the more expensive slow speed 
motor required for the direct-connected drive shown in Fig. 
2. The countershaft is mounted on a shelf, bolted to brackets 
cast on the housings, and is driven by means of a Renold 
silent chain, from a motor mounted close to it on the same 
shelf. 

With such necessarily short center distances, a belt might 
not work satisfactorily, and spur gearing might gradually wear 
noisy, on account of the difficulty of maintaining the perman- 
ency of alignment necessary to smooth and quiet running. 

The silent chain may be run slack and cannot slip like a 


belt. It does not require fixed centers, as is essential with 
gearing. It is, therefore, peculiarly adapted to this type of 
drive. 


The direct-connected drive, Fig. 2, is also entirely self-con- 
tained. The motor is mounted on a shelf, bolted to brackets 
cast on the housings, and the driving pulleys are placed on the 
motor shaft; thus making it possible to belt directly down to 
the planer. 

This type of drive makes it necessary that the motor run at 
countershaft speed; and the motor-shaft must be extended to 
carry the driving pulleys, and the pulley which operates the 
power-elevating device. In order to relieve the motor bearing 
from the undue strain, an independent outside bearing is fur- 
nished. 

The motor-belted drive, as shown in Fig. 3, permits the use 
of a medium or high-speed motor, the pulleys being so propor- 
tioned that the countershaft will be run at regular speed. 
This countershaft is mounted on a shelf, bolted to brackets cast 
on the housings, and is driven by belt from a motor placed on 
the floor, or in a more convenient location. 

In the self-contained drive, as applied to WSpiral-geared 
planers, and shown in Fig. 4, the countershaft is mounted on a 
shelf, bolted to brackets cast on the housings, and is driven by 
belt, from a motor mounted on same shelf. 

This type of drive permits the use of a medium or high- 
speed motor, the pulleys being so proportioned that the coun- 
tershaft will be run at regular speed; and the center distances 
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are such that a belt drive is perfectly practicable; the motor 
being provided with means for taking up the slack of belt. 

In the motor-belted drive for spiral-geared planers, Fig. 5, 
the countershaft is mounted on a shelf, which is bolted to a 
bracket cast on the front housing, and which is furthermore 
supported by an outboard column resting on the floor. The 
countershaft is driven by a motor placed on the floor alongside 
of the planer, or in a more convenient location. This type of 
drive also permits the use of a medium or high speed motor. 

When a complete motor equipment is furnished by the 
planer manufacturers, the outfit includes a multipolar iron- 
clad motor, a universal motor-starting rheostat with automatic 
release; overload and current indicator; main switch and coy- 
ered fuse connections. The rheostat, indicator and switch are 
mounted on a slate slab, and wired complete. It is therefore 
only necessary to fasten the slab in position and connect the 
binding posts with the line wires and motor, in accordance 
with the diagram sent with each outfit. If a customer prefers, 
however, he may supply the motor equipment himself and the 
Duilders will then furnish only the supplementary equipment, 
which would include the brackets, shelf, etc., as mentioned 
above. 

Where a customer orders a planer complete with regular 
countershaft, but intends at some future time to apply electric 
drive, the housings can be prepared by casting on the brackets, 
ready to receive the Standard motor-shelf. The motor power 
required for driving a planer obviously depends upon such a 
variety of conditions that the company generally recom- 
mend such powers as they consider ample for average 
service. It should be remembered, however, that the amount 
of power necessary at the moment of reversal, and for the 
“quick return,” is vastly in excess of what is required to merely 
drive a planer while cutting, and for that reason it is advisable 
to provide a larger motor than the actual work would require. 


* * * 


MAKING SCREWS WITHOUT WASTE OF MATERIAL. 

The latest development of automatic screw machinery about 
which we have been informed, is a machine that makes ma- 
chine screws from a coil of wire without entailing any waste 
of the material. That is to say, the product from a coil of 
wire, weighing 50 pounds, would be 50 pounds of screws. 
This surprising result is obtained, of course, by the avoidance 
of all tool cutting action except that necessary to separate 
the screw from the stock, the screw being formed, head and 
all, entirely by swaging and rolling. This machine which is 
being perfected by a Springfield, Mass., inventor, first straight- 
ens the wire from the coil, then the end is caught between 
swaging dies of peculiar construction and given a rapid series 
of blows which form the body of the blank and partially 
form the head. The body of the blank which is to be 
threaded, is swaged to a smaller diameter to allow for the 
increase of diameter due to rolling the thread. After the 
first swaging operation, the blank is cut from the wire and 
thrust into a die where the head is fully formed, and the 
slot for the screwdriver punched at the same time. This 
punching action removes no stock, but expands the head so 
that it fills the die. After this has been done the blank is 
picked up and carried between two hardened threading roll- 
ers which roll the thread and complete the making of the 
screw. 

Just what future there is in store for such a machine, 
we would not care to predict, but it appears that there is 
always a field open for any machine that effects a saving in 
time, material or attendance. When all three features are 
combined in one machine, its advantages seem obvious. The 
first machines for making wire nails, wasted a small portion 
of the wire between each nail in cutting the points. This 
waste, we believe, has been eliminated in the later machines 
and the economy resulting is of considerable importance, 
making almost the difference between profit and loss at 
times in the past. 

* * * 

It is stated that the largest steel plate ever rolled was one 
recently turned out by the Parkgate Works, England; it 1s 
30 feet long, 10 feet 6 inches wide and seven-eighths of an 
inch thick. 
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ENVIRONMENT IS RESPONSIBLE. 


The reasons for the success of American competition abroad 
and the avowed “supremacy” of the American workman 
have been investigated by the so-called Mosely commission of 
English workmen. The commission was composed of secre- 
taries of 23 leading trade unions, who made an extended trip 
through this country, visiting important plants like the 
Schenectady Locomotive Works, the works of the General 
Electric Company, the Niagara power plant, the steel works 
of Cleveland and Pittsburg, the Cramp and Baldwin works of 
Philadelphia and many establishments in other fields of in- 
dustry. 


In a recent number of the Outlook certain features of the 
report of the commission are touched upon by Mr. George 
Lynch, a London correspondent intimately acquainted with 
the work of the visitors. He mentions—what we have al- 
ready contended in these columns—that the mechanic is 
very much the same man on either side of the Atlantic, and 
that it is his environment, rather than his nationality, which 
stimulates or retards his progress. In America he is more 
productive because his influences are such as to make the 
product of his labor much greater than when under the more 
conservative and less favorable conditions which exist abroad. 

To begin with, American climate is invigorating and con- 
ducive to work. The American workman lives in better sur- 
roundings, and works under better and more healthful con- 
ditions in the factory. He is influenced by the natural tend- 
ency to push work at its most rapid rate, devising where 
possible, mechanical ways to do this. The delegates repeat- 
edly remarked that American mechanics do not seem to work 
harder than those in England, but they accomplish more be- 
cause they make their minds save their hands. They make 
the machine take the wear and tear, if they can. 

In this country, where so many factories are of recent 
construction, it is not surprising that they should be filled 
with new machinery; but the delegates were apparently sur- 
prised to find the scrap pile heaps so large in the vicinity 
of the older works, indicating that the American is disposed 
to throw out any machine almost as soon as it has been 
improved upon. Not the least important phase of the subject, 
however, is the fact that the workman in America indulges 


MACHINERY. 


February, 1903. 


less in alcoholic beverages than the English workman, sta- 
tistics showing that the consumption of these is more than. 
twice as great per capita in Great Britain as in the United 
States. 

Incidental to the trip should be mentioned the expressions 
of surprise on the part of the Englishmen that the manu- 
facturers of America should have so universally kept “open 
house” for them. It was well known that no body of Ameri- 
can workmen, skilled in the various arts and who would be 
quick to pick up ideas, could investigate the ways and 
methods of English shops, with anything like as great a de- 
gree of freedom. In other words, the country which is ac- 
knowledged supreme in its trade accomplishments has fewer 
secrets to hide than its less aggressive rival. May it not be 
that the same rule holds in respect to individual firms? We 
not only believe it does, but know that it does in many in- 


stances, > 
* *k * 


AN APT PHRASE FOR THE MECHANIC. 

The veteran Senator Hoar of Massachusetts, in his recent 
speech upon the trust problem, drew a very pretty picture 
of Worcester, Mass., as a mechanic’s home and alluded briefly 
to the many inventors who had at ‘one time or another lived 
hear that city. Eli Whitney, who doubled the value of every 
acre of land on which cotton grew, was born near Worcester; 
so was Bigelow, the inventor of the carpet loom; and so, 
also, was Blanchard, the inventor of the lathe for turning 
irregular forms. Elias Howe, the inventor of the sewing 
machine, was born and lived near Worcester, and the card 
clothing machine and the envelope machine were also in- 
vented or developed in that city. In referring to the results 
that have come from the work of such mechanics, the Senator 
very aptly said that “it was not water power or steam power 
or electricity that wrought this miracle; it was brain power.” 

This is a good phrase to remember and to live by. While 
plenty of men get along without brain power, they are general- 
ly men who are held up by props of some kind or other, and 
if the props were knocked out they would fall with them. 
Even the great trust, of which the Senator spoke, with all 
its wealth and untold resources cannot get along without 
brain power, which it will always have to pay for. 

Especially would we commend the phrase to the young me- 
chanic. Do you wish to succeed in the world? It is very 
easy to enumerate the things that will not contribute to that 
end. No mechanic will advance because he does not do his 
work intelligently; nor because he does not study; nor because 
he does not cultivate the power of observation or the habit 
of reading the technical papers, which tell him what others 
are doing in his own field of work. In short, no man ever 
succeeded because he did not use his brain. Not all mechanics 
can rise to the distinction of Eli Whitney or Elias Howe, or 
perhaps to any distinction at all. But it is morally certain 
that great mechanics like these would never have been heard 
of if they had not used their brains. Whatever may be the 
industrial conditions of the country through the great move- 
ments of modern times, let it be remembered that brains are 
the one staple commodity that the world cannot do without. 
The moral is to cultivate and develop the brain as well as 
the muscle and the future will take care of itself. 


at * * 


EFFECT OF GAS ON COAL TRANSPORTATION. 


One of the great changes possible in future industrial de- 
velopment may be the establishment of great gas-making 
plants in the near vicinity of coal mines, and the conveying 
of the gas to cities by immense pipe line systems. This would 
largely do away with the present wasteful and expensive 
method of getting fuel to market by hauling coal in railway 
cars. A modern steel coal car weighs forty per cent. as much 
as the coal it can carry, and the car has to be hauled both 
ways. This, with weight of the locomotive, makes it practi- 
cally about the same as hauling a ton of dead weight one 
way for each ton of freight. The proportion of dead weight 
hauled is usually much greater, especially when older equip- 
ment is used. The principal expense attending the movement 
of gas in mains is entailed by the pressure necessary to force: 
it through, which would have to be developed by pumps. In 
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the past, however, the cost of making gas has been a bar to 
its competing with coal in the manner outlined, so the only 
places where gas is generally used for fuel are those where 
natural gas is cheaply supplied. The price of natural gas 
varies in different localities, being from ten to fifteen cents 
per 1,000 cubic feet in some western Pennsylvania towns. In 
the future the conditions will be different, if a gas-making 
process developed by a Pittsburg mechanical engineer is as 
successful as reported. By this process it is claimed that 
fuel gas can be made at a cost of $.0108 (1.08 cents) per 1,000 
cubic feet. A ton of coal produces by the new process 25,000 
cubic feet of gas having a heat efficiency of 560 B. T. U. per 
cubic foot at a cost of $1.43. The by-products are 600 pounds 
of coke, 10 gallons of tar and sufficient ammonia liquor per 
ton to reduce the cost to the extremely low figure quoted. 
Even if there was no market for the by-products the cost of 
the manufactured gas would still be extremely low. 


* * 


ELECTRIC RAILROADING. 


In the last number of the Technology Quarterly is an article 
by Prof. Louis Duncan upon long-distance electric railroad- 
ing that gives an interesting survey of electric traction as 
the problem now presents itself. Prof. Duncan is an engi- 
neer of wide experience, and has recently been appointed 
professor of electrical engineering at the Massachusetts In- 
stitute of Technology. He does not see the doom of the loco- 
motive as plainly as perhaps some of the more enthusiastic 
members of the profession, for he believes there are several 
important factors that will tend to retard the progress ot 
electric traction between distant points, especially with the 
through-train service of the leading roads. He contends that 
for through service a single car or even two cars are not 
enough to give the comfort to which the traveler is accus- 
tomed. This requires heavy trains of a number of cars, and 
even for a certain class of suburban traffic where a large 
amount of traveling is concentrated at certain hours, heavy 
trains must be used, requiring a great deal of power for each 
train. 

In the transportation of freight, also, the tendency is toward 
heavy trains, because the minimum cost is attained with the 
maximum weight of train. The average train load on the 
Pennsylvania Railroad has increased about 75 per cent. in 
twenty years, and the capacity of the cars is over 100 per 
cent. Under these conditions he contends that continuous- 
current motors, receiving current either directly from a cen- 
tral station or from substations, are not applicable. The 
possibilities of congestion of traffic, especially in freight trans- 
portation, would make it necessary to have the capacity of 
substations enormous as compared with the average power 
required on the line, which would involve an immense in- 
crease in the original investment and some increase in the 
operative expenses. 

Another difficulty is in the large amount of switching to be 
done, much of it of a complicated nature. If electricity is to 
be used in terminals and freight yards, a locomotive must be 
designed which is economical at all speeds, and which is 
under perfect control, and current must be supplied to these 
locomotives by some means which will not endanger the lives 
of the train hands. Railroading is dangerous enough as it 
is, and any additional source of danger must be avoided. 

While the position of Prof. Duncan is very well taken, sup- 
posing that future railroading operations on electrically- 
equipped lines were to be conducted as they now are on steam 
railroads, it seems that this would be a mistake and directly 
against the tendencies of electrical operation (as manifested 
in passenger traffic. at least) which are, to run short trains 
and many of them. By doing this the public is better 
served and earnings increased without at the same time dis- 
proportionately increasing the operating expenses. The same 
should hold true to a large extent with freight traffic. Be- 
cause we are used to having freight cars take a week or more 
in going from New York to Chicago, it is no sign that this is 
the proper condition of affairs or that it is one that will 
always exist in railroad operation. Long heavy trains neces- 
sarily mean slow movement of freight with possibly a mini- 
mum expense for wages of the trainmen; short trains mean 
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quick freights and a slight increase per ton mile in wages, 
it is true, but the gross and net earnings would undoubtedly 
be greatly increased. The road bed of a railroad earns inter- 
est and dividends only while trains are passing over it and 
cars earn only in proportion to their mileage. If a freight 
car makes the round trip from New York to Chicago gal 2) 
week, it earns just double what it does when making the 
trip one way in a week, and fewer cars are required for the 
same volume of freight. Without going into further argument 
in the matter it seems to us that the future of railroading lies 
more in the direction of shorter trains at high speeds, both 
for passenger and freight service, than in following the pres- 


ent trend with steam locomotives as the motive power. 
fe eS 


NOTES AND COMMENT. 

In his diary for 1843, Samuel F. B. Morse wrote: “The in- 
ference is that telegraphic communication on my plan may 
with certainty be established across the Atlantic. Startling 
as this may seem now, the time will come when this project 
will be realized.” Yet this was only sixty years ago and men 
who were then old enough to have laughed at such a sugges- 
tion have lived to witness wireless communication across the 


ocean. 
* * # 


The Philadelphia Record, in a department devoted to scien- 
tific and mechanical notes, reproduces a cut of the motor- 
driven grinders manufactured by the Ransom Mfg. Co., Osh- 
kosh, Wis., which have the motor armature directly on the 
grinder spindle, with the following description: ‘The fa- 
miliar old grindstone is growing out of date and its place 
is being taken by the piece of machinery shown above. The 
stone wheels are driven by an electric motor encased in the 
base of the machine.” Comment is unnecessary. 


Some small work is not thought much of, and the doers of 
it are apt to receive scant consideration. Never despise, 
however, the maker of the small paragraph in a dire emer- 
gency to fill the corner of a page. Some of the quickest work 
of the editor is often done in those corners, and no wonder 
it does not always match what precedes it—American Ma- 
chinist. 

There are notes and notes. The foregoing filled “the cor- 
ner of a page” and was probably written in “dire emergency.” 
A certain religious paper, SO we are informed, has a stock 
of short prayers on hand, ranging from half-a-dozen to a 
score or so of lines in length, ready to be set in type for any 
and all occasions when a note is required to fill a certain 
space. But it is seldom that a technical editor has to prac- 
tice sacrilege to fill his columns. There are usually enough 
pertinent facts at hand to supply the material for pithy 
notes, and it is frequently a matter of surprise to find that 
the notes published in MACHINERY bring numerous inquiries 
to this office, sometimes, in fact, more than the longer ar- 
ticles. This would indicate that some of the “small work” 
of the editor receives its fair share of attention, and we 
trust that the prayers of the religious editor may be answered 


as frequently. 


As an illustration of what can be done with the new tool 
steels now appearing on the market, Prof. J. J. Flather, in 
an address before the Association for the Advancement of 
Science, stated that he had recently seen some steel loco- 
motive driving wheels which had been turned in two hours 
and forty minutes, whereas the regular time previously had 
been not less than eight hours, with the old steel. Even bet- 
ter results might have been obtained, but the belts would 
not carry the load. Prof. Flather also related an anecdote to 
show how the tendency to increase the number of compressed 
air devices in machine shop work has sometimes led to ex- 
tremes, and that in many cases the work could have been 
done just as cheaply by hand. The case in point was an ap- 
paratus that at one time was in use on one of our prominent 
Western roads. It was a sort of portable crane hoist which 
could be fastened to the smokestack of a locomotive, whereby 
one man could lift off the steam chest casing. The hoisting 
apparatus weighed about twice as much as the steam chest 
and took three men to put it up. When piece work was 
adopted two men easily lifted off the steam chest and this 
“labor-saving device” was relegated to the scrap heap. 
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A NEW INTERNAL COMBUSTION ENGINE. 


LARGE HORIZONTAL GAS ENGINES DESIGNED BY THE 
WESTINGHOUSE MACHINE CO. 

Much interest has of late been aroused by the exhibition 
abroad of numerous makes of high-power engines of the in- 
ternal combustion type, and subsequent reports concerning 
their probable manufacture in America. Although much 
more attention has been devoted to this type of prime mover 
abroad, and its development has therefore been more marked, 
it is noteworthy that American manufacturers have in the 
meantime been conducting operations along this line with the 
result that internal 
combustion engines 
of American design 
and American man- S) 
ufacture, in sizes 
as high as several 
thousand horse 
power, are in evi- 
dence for service as 
exacting and severe 
as that for which 
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The general design of the engine somewhat resembles that 
of the modern high-speed tandem compound steam engines in 
the arrangement of cylinders, frames, bed-plate, bearings, fly- 
wheel and generator. This resemblance is further carried 
out in the matter of crank effort. The engine operates on 
the four-stroke cycle, and as there are two double-acting 
cylinders an impulse is given at each stroke of the engine 
as in the steam engine. 

The employment of the four-stroke cycle involves the im- 
portant feature of positive scavenging which is here accom- 
plished by the piston during its exhaust stroke, thus avoiding 
all weakening of the incoming mixture by the inert gases from 
the previous explo- 
sion, and insuring 
uniform operation. 
In all engines em- 
ploying the two- 
stroke cycle, scav- 
enging must be ac- 
complished either 
by a special piston 
movement or by a 
blast of air from an 
auxiliary pump di- 
rected in such a 


manner as to force 
out the remaining 
burned gases, thus 
clearing the way, so 
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Fig. 1. End View of 1500 H. P. Double-crank Gas Engine, Direct Connected. 


above 250 horse 
power, and none above 500 horse power, until recently, 
with one exception—the Westinghouse Machine Company, 
whose three-cylinder vertical single-acting engine is well 
known. The company have, however, been for some time en- 
gaged in developing the double acting engine, and are now 
prepared to build this type for powers ranging as high as 
3,000 horse power. As this type of engine possesses features 
somewhat novel to those accustomed to the usual reciprocat- 
ing engine design, a brief description may be of interest. 

Fig. 3 is from a photograph of a single-crank engine of the 
new type, and Figs 1, 2 and 4 the general design of a 1,500 
horse power double-crank engine, direct connected to a D. C. 
or A. C. generator. 
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to speak, for the in- 
coming pure mix- 
ture. This latter method is the most practical, but has the 
inherent disadvantage of the incoming gas mixing with more 
or less of the air used in scavenging, causing a variation in the 
calorific value of the explosive mixture, which, for a gas of 
given constituency, should remain constant for the best re- 
sults. 

The Westinghouse design employs a mixture of unvarying 
quality, which is initially proportioned according to the 
nature of the gas used, but which remains constant under all 
conditions of load. As the loads upon the engine increase or 


decrease, a corresponding greater or lesser quantity of mix- 
ture is admitted to the cylinders, thus utilizing at all times 
an explosive mixture of maximum strength, 


resulting in 
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Fig. 2. Plan View of 1500 H. P. Engine. 
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Fig. 3. General View of '750 H. P. Double-acting Single Gas Engine. 


high thermal efficiency and economy of fuel. That this 
method is productive of the best results in engines of high 
power is apparent from the fact that reputable European 
builders, such as the Deutz Cockerill and Nurberg companies 
are abandoning the variable for the constant mixture method 
of governing. 

The construction of the en- 
gine under description departs 
materially from the accepted 
European design and embodies 
many features of modern steam 
engine practice. The design of 
cylinders, pistons and valves, of 
course, departs materially from 
steam engine practice. The cyl- 
inders are double walled, with 
the outer walls split peripheral- 


The rear section of the bed-plate which supports the two cylin- 
ders is cored hollow with a central dividing wall, and serves as 
a reservoir for incoming and outgoing circulating water. All 
connections are piped directly to these reservoirs, thus avoiding 
a large amount of piping about the engine. Through the 
bed-plate extend the four vertical exhaust pipes, which con- 


lnis< <a 


(Photograph copyrighted.) 


nect immediately below with an exhaust main. The exhaust 
passages leading from the valve chambers are cast integrat 
with the cylinders, upon their, sides, and are water cooled, 
At the ends of each cylinder occur horizontal side ports, 
resembling straight steam ports, which communicate with 
removable combustion chambers, bolted to vertical bosses. 
The cylinders are closed by 
water-jacketed heads, split dia- 
metrically for facility in inspec- 
tion of the interior, and the two 
halves are united with a ground 
fit, no packing being found 
necessary. This feature obviates 
the necessity for completely 


WYANT, 


ly to permit independent expan- 
sion and contraction without 


dismantling the engine for in- 
spection. 

The arrangement of valves 
and combustion chambers in the 
new design is simple and in 


placing the cylinder casting un- 
der stress. The two cylinders 
are united at the top by heavy 
tie-rods, engaging peripheral 
bosses, and at the bottom by a 
stout cast-iron distance piece. 


Fig. 4. Side View of 1500 H. P. Engine. 


marked contrast to the complex- 
ity of numerous European types. 
The latter still make use of the 
eylinder head or “breech end 
casting” for the location of com- 
bustion chambers, admission 
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and exhaust valves, mixing and igniting chambers, and sup- 
ports for the cam shafts, rocking levers, etc. This concentra- 
tion of so many important functions in a single casting, which 
at best is already complex, is questionable. The arrangement 
shown in the accompanying illustrations accomplishes the same 
purpose at less cost and with less complexity. The combustion 
chambers are independent castings, with plain machined 
faces, circular valve liner seats, and cored out passages for 
circulating water. Both admission and exhaust valves, which 
are of the standard poppet type, operate vertically and with 
opposite throw. They seat under pressure, open by cam move- 
ment and close by spring pressure. The central space, closed 
by the admission valve above, and the exhaust below, com- 
municates directly with the cylinder port before mentioned; 
the exhaust space with the exhaust passages on the under 
sides of the cylinder; the admission space with the supply 
pipe. This supply pipe is a rectangular cast-iron main ex- 
tending along the entire front and provided with openings 
opposite each admission valve. It receives its supply from 
the governor chamber located midway between the two ends, 
this in turn communicating with a mixing chamber supplied 
on the one hand with gas, and on the other with air, through 
suitable valves. These two valves are shown in Fig. 4, and 
are provided with graduated indices, so that the exact pro- 
portions of gas and air may at all times be visible and under 
the control of the attendant. Each valve, together with its 
spindle and, seating spring, is independently mounted, and by 
simply removing the bolts from.the bonnet, the entire valve, 
seat and liner may be drawn. out for inspection or replace- 
ment by another. Similarly, the igniters, which are of the 
“make and break” electrical contact type, are mounted in a 
removable plug extending into the combustion chamber 
through the side walls. The valve gear is Of the cam and 
roller pattern, and is driven by a helical gear, engaging a 
similar split gear bolted around the main shaft. The entire 
gear may be instantly disengaged by a special trip coupling 
inserted on the driving rod. 

The method of circulating cooling water is unique. This 
water enters a cavity in the crosshead by means of a flexible 
tube connection with the reservoir in the bedplate. It then flows 
througs the hollow piston rod to the forward piston, around 
which it circulates thence through the second rod to the 
rear piston; thence through a_brass tail rod extending through 
the rear head and there empties into a cast-iron jacket bolted 
to the rear head and communicates with the hot water outlet 
pipe. Similarly cold water is conducted through suitable pipes 
to the cylinder jackets, thence to the jackets surrounding the 
exhaust valves and ports, and finally to the return pipe, emerg- 
ing at a sufficiently high temperature for use in heating and 
drying coils, radiators, ete. 

The engine pistons are constructed in two parts, with pack- 
ing rings and babbitted bearing surfaces. They are secured 
in position on the rods by interna] nuts and present plain 
convex surfaces to the: burning gases. Piston rods are of 
forged steel, with bored water ducts. Between the two 
cylinders close fitting brass sleeves are used for packing, and 
split ring bushings in the outer cylinder head. 


The engine is started by compressed air pumped into a 
steel reservoir during a previous run before shutting down. 
For this purpose a special disengaging gear is provided 
which isolates the rear cylinder. In starting, this air is ad- 
mitted to the rear cylinder by the regular valve mechanism 
temporarily connected to the compressed air system and the 
explosion cycle in the forward cylinder is immediately started. 
The rear cylinder may then be thrown into action. Oiling is 
accomplished by steam engine appliances, such as sight feed 
cups, cylinder pumps, and oil rings for crank. pins. 


The engine is governed by a sensitive fly-ball governor of 
the standard design, protected by a circular housing. It op- 
erates a vertical piston valve supplying a fuel mixture of con- 
stant quality, but in quantities proportionate to the load. 

The single crank engine is at present manufactured in 
sizes ranging from 150 to 750 horse power, and the double 
crank from 750 to 1,500 horse power. In the latter, the 
eranks are placed at 90 degree angularity, giving four im- 
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pulses per revolution, and crank effort corresponding to that 
of the cross-compound double-acting steam engine. 

It is of interest to note that several installations of this 
type of engine are in progress. The first will be at the works 
of the Consolidated Industries Company, Batavia, N. Y., which 
will employ 250 horse power single-crank double acting en- 
gines. A special coke and gas process, known as the Lowe, 
will be employed, yielding three products—metallurgical coke 
and coal and water gas, the former to be retailed and the 
two latter combined and used for power purposes. The second 
installation will be put into operation at the works of the 
Atlantic Refining Company, Philadelphia. The engines are 
double-crank, double acting, of 500 horse power each, and will 
operate upon a rich oil gas of approximately 1,200 British 
thermal units per cubic foot—a by-product of the refining 
process. Both these installations will be direct-connected to 
Westinghouse generators. 

A third interesting installation at Hillburn, N. Y., will sup- 
ply the entire Ramapo Valley with light and power from a 
new station now building for the Rockland Electric Company. 
This plant will also operate upon producer gas, using the 
Loomis-Pettibone process. The producer plant is located in a 
separate building and supplies water gas to the Ramapo Iron 
Works and the Ramapo Foundry Company for heating and 
metallurgical purposes, as well as power gas to the generat- 
ing station. The electrical distribution system will supply 
power to local industries, as well as lighting for the Ramapo 
Valley, some fourteen miles in extent. The equipment ag- 
gregates 1,200 horse power, employing 350 horse power single- 
crank engines of the double-acting type, and a small vertical 
single acting engine for driving the exciter. Each main en- 
gine is direct connected to Westinghouse polyphase gener- 
ators, arranged for parallel operation. This plant will be one 
of the first alternating current stations in the country to be 
operated from gas power. 

A further and more recent instance of the confidence placed 
in gas power apparatus is that of the Potosina Electric 
Company, of San Luis Potosi, Mexico, a town of 70,000 in- 
habitants, situated at an elevation of about 6,000 feet above 
sea level, about 275 miles northwest of Mexico City. sine 
town was formerly supplied with electric light and power 
from a D. C. steam-driven plant which passed into the con- 
trol of the present company and has been converted to a gas 
power alternating current central station arranged for parallel 
alternation upon a single distributing system. 

The plant has been laid out for five main units, an exciter 
unit, and a compressor, aggregating 1,225 horse power, and 
will also employ the Loomis-Pettibone process for generating 
a power gas of approximately 120 British thermal units per 
cubic foot, calorific value. 

The four installations above noted are among the first ap- 
plications of fuel gas to power purposes, and the advent of 
the modern high power gas engine should serve to open up 
an entirely new field in gas engineering. A number of power 
gas processes are now available, including the Loomis-Petti- 
bone, Taylor, Mond, Otto Hoffman, Lowe, Dellwick, Fleischer 
and Dawson and the results obtained from installations now 
in service give every reason to believe that the gas-power 
station will shortly be much in evidence. At present three 
main and two auxiliary units will be installed, the remaining 


two units, each of 340 horse power, being added as required. 
* * * 


Modern Machinery reports that-a peculiar affection has 
appeared in the glass windows of York Cathedral, England. 
The glass has become dull and fragile and filled with holes. 
Windows that have been in place for six or seven hundred 
years have lately been removed in order to arrest this curi- 
ous form of deterioration. The trouble, which may properly 
be named a “disease,” is ascribed to a fungus, but in what 
way it attacks glass is not yet definitely known. Possibly it 
dissolves the silica in order to form a shell such as those of 
the microscopic diatoms that make up the fine siliceous de- 
posits found in Germany and other countries. Glass is not 
the only hard substance that may succumb to such attacks, 
for a species of bacteria is known to disintegrate the hardest 
cements, and has thus wrought havoc in water reservoirs. 
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BOILER HORSE POWER FOR HEATING AND 
POWER. 


CuHas. L. HUBBARD. 


The standard for one “boiler horse power” is the evapora- 
tion of 30 pounds of water from a temperature of 100 degrees 
into steam at 70 pounds gage pressure. This is equivalent to the 
evaporation of 34.5 pounds from a temperature of 212 degrees 
into steam at atmospheric pressure, and requires 34.0 <900— 
33,327 heat units, which for all practical purposes we may 
take as 30,000. 

It has been found by experience that in plain tubular boil- 
ers, one square foot of heating surface will evaporate about 
2.3 pounds of water “from and at 212 degrees,” which corres- 
ponds to 15 square feet of heating surface per H. P. (34.5+2.3 
—15). In well proportioned boilers, with careful firing, this 
can be somewhat reduced and some engineers give as low a 
figure as 11.5 square feet per H. P. All computations and 
tables given in this article will be based on 15 square feet per 
H. P., which experience has found to be safe and to result in 
durable construction. In computing the heating surface ot 
tubular boilers it is customary to take one-half the area of 
the shell, two-thirds the rear head less the tube area, and the 
interior surface of all the tubes. 

The H. P. required for heating a building may be computed 
in different ways, according to the data at hand. It may he 
based on the radiating surface to be placed in the building, 
or upon the heat loss through walls and windows. If ventila- 
tion is to be provided for a part or the whole of the building 
special allowance must be made for this also. Let us first 
take up the case where the amount and kind of radiation to be 
supplied by the boiler is known. One square foot of direct ra- 
diation, provided with low pressure steam (2 to 5 pounds), 
will give off from 200 to 300 heat units per hour. We may 
take for the average cast-iron radiator of medium height and 
thickness, an efficiency of 250 heat units; for a pipe coil, 300; 
for indirect pin radiators or other cast-iron indirect radiators 
of similar form, 600; although indirect radiation is not so effi- 
cient in heating the room itself, and for steam blast, 1,500. 
From this we haye: 


30,000 
=120 sa. ft. direct radiator per H. P. 
250 
30,000 
=100 sq. ft. direct pipe coil per H. P. 
300 
30,000 
= 50 sq. ft. indirect radiator per H. P. 
600 
30,000 
= 20 sa. ft. steam blast per H. P. 
1,500 


When the radiating surface of a building is not known we 
must either first compute it by one of the various methods in 
use or calculate the horse power directly from the heat loss 
through the walls and windows of the building. 
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It is common practice among steamfitters and others to 
base the radiating surface required for any given room upon 
its cubic contents. While this is a convenient way of making 
approximations or of checking up results obtained in other 
ways, it is not accurate enough for computing the sizes of 
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radiators for separate rooms unless the results are corrected 
for different conditions by a person of experience. This is 
made evident by an illustration. Take the case of two rooms 
having the same cubic contents and located as shown in Fig 1. 
A has an outside wall exposure of 100+160—260 square feet 
toward the north and west, while B has only 100 square feet 
of exposure toward the south. While a person of any experi- 
ence would make a difference in the size of radiators of the 
two rooms, I have seen important pieces of work in which the 
radiating surfaces had been computed from the cubic contents 
of the room, regardless of the wall exposure. 

When we come to deal with whole buildings instead of 
separate rooms the method becomes more rational and may be 
used with a fair degree of accuracy. 

The following table has been made up from the averages of 
several different rules in common use, and gives the cubic feet 
of space that may be warmed by 1 square foot of different 
kinds of radiation for various types of buildings. From this 
table we may easily calculate another which will give the 
horse power per 1,000 cubic feet of space for the different 
types of buildings named above. 


TABLE I. 
Direct f raters 
KIND OF BUILDING. Cast Iron pivirect Cast Iron 
Radiators. | Pipe Coils. | Radiators. 
Dywelhinves esse tcc clewicrnce' tae ss: 50 60 35 
Stores, Wholesale..... ........ 125 150 90 
uC Retallscweetckss corer crre 100 120 ai 
BanksangOmGesree tierce 70 85 50 
Diya GOOdS) SCONES ary set ete ste tet 80 95 60 
Marge Hotelsae. scceaceee es aes 100 120 70 
@Ghurches peewee» eer cerns cis 150 180 105 
TABLE II. 
Boiler H. P Boiler H. P. 
required for required for 
TYPE OF BUILDING, pe pearance 
for Direct for Indirect 
Radiation. Radiation. 
Dwellings over etistenes., oc ase: 167 .286 
Shoress WWNOlESAlOre aries co <rcurere .066 Flat 
Ge Retallewen ten eects ear .083 143 
BanksandiOices eerie oe eet 119 .200 
Dry Goods Stores ance. 2k) be ee 104 .166 
large Hotelsraasctr cas ates ees se5 083 148 
Churches eee ce. chee po cae aoe .055 .066 


For example.—Take the case of a large hotel to be heated 
with direct cast-iron radiators. From the above table we 
find that 1 square foot of radiation will heat 100 cubic feet 
of space; or 1,000+100=10 square feet will be required to 
heat 1,000 cubic feet of space. We have already found that 1 
boiler H. P. will supply 120 square feet of direct cast-iron 
radiators. Therefore 10+120=—.083 H. P. is required for each 
1,000 cubic feet of space to be warmed. In the same manner 
this may be found for different types of buildings for both di- 
rect and indirect radiators. We will now take up a more ac- 
curate method, in which the exposed wall and window surfaces, 
the construction and location of the building are taken into 
consideration, as well as the cubic contents. The heat loss 
from a building takes place in two ways: First by conduc- 
tion through the walls and windows, and second by leakage 
around doors and windows and even through the walls them- 
selves. 


TABLE III. 
. Heat Units 
Heat Units | Loss per Square 
Loss per Square | Poot per Hour 
MATERIAL, Foot per Hour | with Outside 
with Outside Temp. at 20° 
Temp. ato. below o 
Re a eravolle WCW oa bGoadmoccon de one 7 22 
a NG HAP aac Lee Se GO Cees DC mnEIaIE 14 18 
0) mae Se ae oS ane een toe 13 16 
pet SED eee WATS nes 6 ein) she wo 11 14 
QS aS! SCR EIST wel atone ata: s axe 10 13 
Wooden Construction............. 14 18 
Single WindowS.........6 -.+ «+: 7 90 


The average loss by conduction in heat units per square 
foot of exposed surface per hour for different kinds of walls 
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and for windows are given in Table III, P. 305. Column 2 
gives values when the outside temperature is at 0 and column 
3 when it is 20 degrees below zero. It is assumed in each 
case that the inside temperatura is to be maintained at 70 de- 
grees. The actual heat loss is obtained by multiplying the 
square feet of exposed wall and window surface by the cor- 
responding factor for the case in hand. 

To the heat loss found by the above table must be addéd 
that due to leakage. It is customary to consider this equal to 
one change of the entire contents of the building every 
hour under ordinary conditions. The amount of heat lost in 
this way may be computed as follows: One heat unit will 
raise the temperature of 1 cubic foot of air 55 degrees at aver- 
age temperatures and pressures, or it will raise 55 cubic feet 
1 degree. Therefore the heat units required to raise any 
given quantity of air through any number of degrees in tem- 
perature may be found by multiplying the cubic feet of air 
by the number of degrees it is to be raised, and divide the 
result by 55. If the entire amount of air in a building is 
lost by leakage every hour, it must be replaced by unheated 
air from out-of-doors; and the heat lost by leakage will be that 
required to raise the incoming air to the inside temperature 
of the building. In zero weather this will be 

Cubic contents of building x 70 


55 
This is simplified by computing the loss for 1 cubic foot of 
space and multiplying the cubic contents of the building by 
the factor thus found. 
For zero weather we have. 


Se a 
———— = 1.3 
55 
and for 20 below zero, 
190 
—= 1.64 
55 


For example.—What horse power of boilers will be required 
in zero weather to heat a building 4080 feet, having 3 stories, 
each 10 feet high? The walls are of brick 16 inches in thick- 
ness and the window area equals one-fifth the total exposed 
wall area. 

Total exposed wall and window area —(40+40+80+80) x 
C><1lO) i =7,2003 

Window area = 7,200 + 5=1,440. 

Net wall area = 7,200—1,440 = 5,760. 

Cubic contents of building = 40 Xx 80 X 30 = 96,000. 

The heat loss per hour will be, 

1,440 X 70 = 100,800 


5,760 X 14= 80,640 
96,000 XK 1.38 = 124,800 


306,240 heat units. 


and 306,240 


Sar tal, 12 
30,000 


This should be increased 10 per cent for the leakage through 

roof if there is an attic space, giving, 
1022 ei a2 EP? 

If there is no attic space, the roof should be counted the 
same as wooden construction, which in the above case would 
give (4080) X14 = 44,800, and the total heat loss would be, 
306,249 + 44,800 = 351,040, which divided by 30,000 gives 11.7 
H. P. This is based on the assumption that the building is 
sheltered by other buildings. If it stands by itself in an ex- 
posed location, the boiler power should be increased about 20 
per cent. over that given in the above case, 

excl ——eA Sea: 

Small heating boilers have been found to be less efficient 
than those of larger size, depending partly upon their con- 
struction, but more especially upon the unskilled firemen 
usually employed in caring for them. The following factors, 
computed from data given by Prof. Carpenter in ‘Heating 
and Ventilation of Buildings,” may be used for increasing 
the power of the smaller sizes, when calculated by the rules 
already given: 

Boilers of 5 H. P., multiply by 1.4. 
Boilers of 10 H. P., multiply by 1.23. 
Boilers of 15 H. P., multiply by 1.14. 
Boilers of 20 H. P., multiply by 1.07. 
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In the foregoing discussion the usual average conditions of 
chimney draft, fuel and care have been assumed. These vary 
so widely in different cases that no exact rule can be given 
to cover all conditions. The actual power of boilers depends 
so largely upon the draft, care of heating surface, and manage- 
ment of fires, that they may be made to develop under favor- 
able circumstances a capacity at least 30 per cent. above 
their ratings. This, however, is not usually taken into ac- 
count when computing the required size of a boiler for any 
special purpose, but is held as a reserve power for emergencies. 
Cast-iron sectional boilers are used almost exclusively for 
warming dwelling houses, and also used to a considerable ex- 
tent in churches, halls, etc. When a boiler of this type is 
required its power is usually based upon the grate surface 
and the probable rate of combustion. The ratio of heating 
to grate surface varies from 15 to 25 in the best makes. 
For these we may assume a combustion of 5 pounds of coal 
per square foot of grate and an efficiency of 60 per cent., 
which corresponds to about 8,000 heat units per pound of 
coal available for useful work. 

In computing the size of boiler for any given case it is only 
necessary to find, by some of the methods given, the total 
number of heat units to be supplied per hour, and divide this 
by (8,000X5) which will give the required grate area in 
square feet. The most efficient rate of combustion will de- 
pend somewhat upon the ratio between the grate and heating 
surfaces. It has been found by experiment that about 14 
pound of coal per hour for each square foot of heating sur- 
face seems to give the best results, so by ascertaining the 
ratio of heating surface to grate surface for any given make of 
boiler, we may easily compute the most efficient rate of com- 
bustion and from it determine the necessary grate area. 

For example.—The heat loss from a building is 480,000 heat 
units per hour? We wish to use a heater in which the ratio 
of heating surface to grate area is 24. What will be the 
most efficient rate of combustion and the required grate area? 
480,000--8,000—60 pounds of coal to be burned per hour; and 
24—4—6, which is the best rate of combustion to employ. 


TABLE IV.—NON-CONDENSING. 


Ratio of Expansion. 


Boil ‘ 
Prcasane: 2 3 | 4. 5 7 10 


Pounds of Steam per Hour. 


30 40 39 40 40 42 45 
45 35 34 36 36 38 40 
60 30 28 27 26 30 32 
79 28 27 26 25 27 29 
90 26 25 24 23 25 27 
105 25 24 23 22 22 21 
135 24 23 22 21 20 20 


TABLE V.—CONDENSING. 


Ratio of Expansion. 

Boi 

Pee 2 3 4 5 7 10 
Pounds of Steam per Hour. 

15 30 28 28 30 35 40 
30 28 27 27 26 28 32 
45 27 26 25 24 25 27 
60 26 25 25 23 22 24 
75 26 24 24 22 21 20 
105 Pa 23 23 22 21 20 
135 | 2d 23 22 21 20 19 


Therefore 60+6=10, the grate surface required. 

If ventilation is to be provided in a building the boiler 
power for this must be computed and added to that already 
found for heating. This is computed in the same manner as 
that to cover the heat loss by leakage, and the formula is: 

Cubic feet of air supplied per hour * degrees through which 
it is to be raised + by 55 = heat units required, and this — 
by 30,000 = boiler H. P. necessary to supply this heat. 

Calculations for power boilers are based on the steam con- 
sumption of the type of engine to be used. Table IV above, 
from Prof. Thurston’s “Manual of Steam Engine” gives 
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the average quantity of steam required per H. P. per hour by 
different types of engines working under different rates of 
expansion. This applies to the best class of engines in com- 
mon use when of moderate size and in good order. Small 
engines, having greater proportional losses in friction, leaks, 
radiation, etc., and receiving, generally, less care in construc- 
tion and running than larger ones, require more steam per H. 
P. In such cases the figures in the tables should be increased 
at least 50 per cent. 

Having ascertained from the tables the weight of steam 
required per hour for any given engine, and knowing the 
probable temperature of the feed water and boiler pressure 
to be carried, the weight of steam can be reduced to an 
equivalent evaporation “from and at 212 degrees;” and this 
result divided by 34.5 will give the boiler H. P. required. 
This should be increased somewhat for running feed pumps, 
etc., or for any other purpose for which steam is used. 


* * * 


THE NEW YORK AUTOMOBILE SHOW OF 1903. 


As we go to press the annual automobile show is in progress 
at Madison Square Garden, and the number of exhibits is 
much larger than in previous years. The marked development 
in the character and quality of the products during the past 
year is very evident. The average product of the different 
builders is greatly improved in every respect, and what is 
most noticeable is the almost universal adoption of the 
French type of carriage, having the motor in a suitable cas- 
ing in front of the chauffeur, the body and seats of the car- 
riage being of the tonneau type. Even the manufacturers of 
steam cars are adopting this design, such concerns as the 
White Sewing Machine Co., makers of the White steam car- 
riage, laying particular stress upon designs which resemble 
the French gasoline automobile, so far as outward appear- 
ance is concerned. Manufacturers of light runabouts are 
also shaping their vehicles after this style, and in the whole 
show there were but few carriages having the ‘“horseless” 
look of the typical American carriage of a year or two ago, 
which retained the dashboard but not the thills. 

The gasoline motor carriages were greatly in the majority, 
there being 63 makes of these exhibited, while only 13 
makers of steam vehicles and eight of electric vehicles had 
exhibits. The touring car was in evidence everywhere, seat- 
ing usually four people and costing in the neighborhood of 
$2,500. 

As yet there is apparently no practical low-priced auto- 
mobile on the market, the cheapest exhibited costing $550. 
There is a tendency to use air cooling for gasoline cylinders, 
either by arranging plans for creating a current of air, or by 
other means, thus avoiding the use of water entirely, making 
the motor adapted to the coldest weather. There was also 
nothing particularly new to be seen in the way of héavy 
motor trucks for commercial use, this part of the show being 
lamentably weak. It is apparent from this that one of the 
greatest uses of the automobile of the future—that of trans- 
porting heavy loads in our crowded city streets—is not re- 
ceiving the attention it deserves. Apparently the sporting 
element in automobilism far outweighs the commercial ele- 
ment, so far as the use of it is concerned. 

One of the most unpretentious exhibits—and to the writer 
the most interesting—was a complete set of cells of the new 
Edison storage battery. The set comprised 38 cells, weighing 
600 pounds, and capable of driving a light runabout 100 miles. 
It is estimated that a lead battery weighing 100 pounds less, 
(or 500 pounds) would drive an automobile only 40 miles. The 
Edison battery is a work of art as regards construction, and 
shows that a great deal of study and experimental work has 
been done to develop it. To say that its construction is neat 
enough to create admiration on the part of any one versed 
in mechanical matters, is not an exaggeration. The plates 
in this battery are composed alternately of carbon and nickel, 
and of iron; one serving as negative and the other as posi- 
tive pole. In charging the battery a deposit is formed on 
the half plate and this again is re-formed on the other half 
when the battery discharges, and there is absolutely no de- 
terioration in the plates, so far as can be determined. The 
writer was shown one plate that had done use in a battery 
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of a carriage which had traveled over 3,000 miles, and it 
showed no effect of its use. It was also said to weigh exactly 
the same as at the start. Another advantage claimed for the 
battery is that it can be charged rapidly, taking a few minutes 
only, without danger of injuring the battery, instead of re- 
quiring four or five hours, as with the lead battery. 

The Edison storage battery will be on the market this 
spring, but the representative at the exhibit would give no 
estimates as to its probable selling price. If the battery will 
accomplish the results claimed for it, and it is placed on the 
market at a reasonable figure, the electrical automobile will 
certainly receive a great impetus and become the favorite 
vehicle with a large number of people. 

* * * 


EFFECT OF VIBRATION ON STEEL TUBING. 
C. H. BENJAMIN. 


It has frequently been claimed by the makers and by the 
users of bicycles that the steel tubing of the frames is un- 
favorably affected by vibration due to constant and long- 
continued use. The writer has heard bicycle men assert 
that frames taken from old machines are often brittle and 
easily broken on this account. This is evidently but an- 
other form of that persistent delusion concerning the so- 
called crystallization of iron and steel during use. Perhaps 
some may consider it a waste of powder to fire at ghosts, 
but if the ghosts can be thereby permanently laid, the ex- 
penditure will be justified. 


.Fig. 1. 


Testing Apparatus Driven by Dow Turbine, 


During the winter of 1898-99 a series of experiments on 
bicycle tubing was maue under the direction of the writer. 
These tests were conducted at the laboratories of the Case 
School by Messrs. Austin and Brown, senior students. They 
merely served to confirm the opinions of good authorities on 
this subject, but the details may be of sufficient interest to 
warrant publication. 

The cut, Fig. 1, shows the general arrangement of the 
apparatus, which resembles in construction a speed lathe. 
The tube to be experimented upon is clamped firmly in the 
tailstock of the machine and projects a greater or less dis- 
tance to furnish a free length for vibration. 

On the free end of the tube is a hardened steel sleeve, to 
protect it from injury. The revolving spindle carried by the 
headstock of the apparatus has a crank disk and pin fastened 
to its end and revolving with it. A hard bronze roll on 
the crankpin bears directly on the cylindrical sleeve before- 
mentioned, rolling around it as the spindle turns. The axes 
of the revolving spindle and of the tube coincide but the 
surface of the roll is a distance from the axis less than the 
radius of the hardened sleeve. As the roll travels around 
the sleeve it accordingly springs the tube away from the 
center in’ every direction, giving to it what may be called a 
progressive vibration in all planes. Fig. 2 illustrates this 
springing of the tube. 

The amplitude of the vibrations is easily changed by vary- 
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ing the size of roll. Several experiments showed the best 
results from a free length of nine inches and an amplitude 
of 5-64 inch. An attempt to use longer tubes resulted in 
the tube leaving the roll altogether on account of the cen- 
trifugal force at the high speed used. The deflection of 
a in this length corresponded to a lateral pressure of 30 
64 

or 40 pounds, and a fiber stress of about 14,000 pounds—the 
stresses, of course, rapidly alternating between tension and 
compression. 

The machine was driven by a Dow steam turbine, as may 
be seen in Fig. 1. The speed used was about 5,000 revolu- 
tions per minute and a run of be- 
tween three and four hours was 
sufficient to give a million com- 
plete vibrations to the tube. 

A four-break commutator was 
attached to the spindle and this 
put in circuit with a battery and 
a telephone receiver. 

By comparing the musical tone 
produced in the receiver with a 
pitch pipe and tuning fork the 
speed could be readily deter- 
mined. 

Pieces cut from the same tube, 
one of which had been subjected 
to vibration and one not, were tried in the testing machine and 
the tensile strength and modulus of rupture determined. 

The tensile tests were made in the usual manner, plugs 
being fitted inside the ends of the specimens, to prevent 
the jaws of the machine from crushing them. The cross- 
breaking tests were made by inserting plugs at each end 
which met near the middle of the specimen. The tube 
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Fig. 2. 
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Fig. 3. 


around the shorter plug being clamped in a cylindrical holder, 
weights were attached to the end of the longer plug at a 
point about 30 inches from the clamp—until the specimen 
broke in two at the joint. 

This method avoids any danger of collapsing or crushing 
the tube and gives a clean break at right angles to the axis, 
as shown in Fig. 3. 


TABLE I. 

N Kind of Number | pee Beces iae Ultimate 
O. Tube. EOF. lbs. to Load in 
Vibrations. | inches. | Deflection. | Tension. 
2 {| rope, 500,000 9,160 

ad | .50 Carbon Ds fs SNe ek oa cee Sea ? 

4 

a || iE Ce | SagNonen: natant es Mentone. 9,140 
Df Brazed Tube} 1,000,000 3842 14,700 ; 8,080 
Ga) 3 ee “6 INGE. ats 9 ee eee eee 8,630 
11 ah ORE sel < 15,000,000 Mi awareness 10,5380 
12 Bb Ghee oe None ne eee 10,640 
20 Shelby 1,000,000 824 14,000 6,800 
21 of None ae aio eats eee 6,890 
30 Pope, Nickel) 1,000,000 288 12.300 7,200 
31 ee ee None oars Vite = Pee es 3 7,450 


Three different makes of tubes were tested but no attempt 
was made to compare the three kinds, the object being solely 
to determine the effect of vibration. Table 1 shows the re- 
sults of the tension experiments and Table II. those of the 
cross-breaking. 

Tubes Nos. 5 and 6 in Table I. had been heated and dipped 
into a brazing bath, as bicycle joints are sometimes treated. 

A comparison of the figures for the two tubes in each pair, 
as bracketed in the first column, showns no material differ- 
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ences between the vibrated and un-vibrated specimen, as re- 
gards either tensile or cross-breaking strength. In other 
words, one million repetitions of a tensile stress of 12,000 or 
14,000 pounds, alternating with compressive stresses of the 
same amount, have no perceptible effect on the strength or 
character of steel tubing. The appearance of the metal at 
fracture was the same, no sign of molecular change being ap- 
parent. 


TABLE II. 
i Breaking 

Kind of N b df Modul f 
BARE mabe: Vibrations Pay ee Ripire, 
f ee 114,000 

: 50 Carbon 1,000,000 90 14, 
4 { Pana oe | None 95 120,500 
N f 50 On tee 1,000,000 101 128,000 
oy | 50 Ohebon None 101 128,000 


Some of the characteristics of the different varieties are, 
however, well brought out. Nos. 2, 3, 11 and 12 were of the 
same kind and make, but the last two were cut from a differ- 
ent tube and were about 15 per cent. stronger. Nos. 5 and 6 
were from the same tube as 2 and 3 but having been heated 
in a brazing bath were weakened thereby. 3 

The chemical constitution of Nos. 20 and 21 was not 
known. The nickel steel, Nos. 30 and 31, was not so stiff as 
the other, and the same deflection caused less pressure and 
bending moment. This steel also shows less tensile strength 
than the .50 per cent, carbon. 

* * * 


THE DATA SHEET FOR THIS MONTH. 

The tables presented on the data sheet accompanying this 
month’s issue of MACHINERY were contributed by Mr. W. lL. 
Mann, Pittsburg, Pa. They comprise a list of circumferences 
and diameters from 1 to 300 and a table of the lengths ot 
chords for spacing a circle whose diameter is unity. The 
table of circumferences and diameters is deserving of partic- 
ular notice in that it is arranged in the reverse order from 
that usually found in tables of this kind. The tables which 
are found in all of the standard hand-books give the dia- 
meters in whole numbers, halves, quarters and sometimes 
eighths and the corresponding circumferences in decimals 
to three or five places, as the case may be. This table reverses 
this arrangement and gives the circumferences in whole 
numbers and the diameters in decimals to four places. 

It often happens that the most convenient way to make a 
measurement is circumferentially and to obtain the diameter 
the result is divided by 3.1416 or, what is more convenient, 
multiplied by .3183. The result would, of course, be found 
directly from this table. Another application of the table is 
found in laying out gearing to circular pitch. The cirecum- 
ferences, in this case, are usually in whole numbers, being 
the product of an even pitch by the number of teeth. For 
example: Required the pitch diameter of a gear having 215 
teeth, 2-inch pitch. In the table, opposite 215 we find 68.4366 
which would be the diameter in inches if the gear was 1 inch 
pitch, therefore for 2-inch pitch the diameter will be 2 x 
68.4366 = 136.8732 inches. 

The table of chords will be found useful for spacing 
drilled holes on a circle of given diameter, laying out gear 
teeth, or determining the length of the side of a regular 
polygon of any number of sides. In making a pattern, sup- 
pose it is desired to space off 21 teeth on a pitch circle 18% 
inches in diameter. In the table, opposite 21 we find .149. 
Then 18.25 x .149— 2.719, the distance to be taken on the 
dividers. If it was required to lay off 40 holes in a cylinder 
head or pipe flange on a drill circle 46% inches in diameter, 
opposite 40 in the table we find .0785 and 46.5 X .0785 = 3.65 
the straight distance from center to center of the holes. 

* * * 

The potential power of Niagara River at the Falls, is esti- 
mated by various authorities to be from 6,000,000 to 7,000,000 
horse power. ; 


February, 1903. 


MACHINERY. 


309 


ENGINEERING REVIEW. 


CURRENT EVENTS, TECHNICAL AND MECHANICAL—LEADING ARTICLES OF THE MONTH. 


The Sibley Journal states that Prof. R. A. Allen, of Cornell 
University, has conducted tests on liquid air engines from 
which he finds that the best efficiency that can be obtained 
is about 8 per cent. of the energy expended. The expenditure 
of one horse power continuously for one hour results in 
the production of enough liquid air which, if utilized in its 
turn as a source of power in a perfect machine, would pro- 
duce one horse power for one minute. The most efficient 
method of obtaining liquid air yet discovered would increase 
this last to a pericd of time of about five minutes. 


The mechanical draft plant of the Union Electric Light & 
Power Co. to be used for lighting the World’s Fair grounds, at 
St. Louis, will be equipped with both forced and induced draft 
apparatus. Generally either the forced or the induced draft is 
used, but in this case both will be installed. There will be 
twenty-six 700 H. P. boilers, equipped with automatic stokers. 
Four fans of the full housing type, size 160 inches, will be 
used for the forced draft, and will be driven by 10 x 10 ver- 
tical engines, directly attached. Two fans, also of the full 
housing type, 230 inches in size, will be used for the induced 
draft. These fans will be driven by 9 x 10 double-cylinder, 
double-acting upright engines, this type being selected to se- 
cure the maximum power in limited space. The apparatus will 
be installed by the Buffalo Forge Co., Buffalo, N. Y. 


THE NATURE OF WORM THREAD CONTACT. 

In an article published in the American Machinist on the 
nature of worm thread contact, Oscar J. Beale, of the Brown 
& Sharpe Manufacturing Co., concludes from the result of a 
practical experiment that the contact between the teeth of a 
worm wheel and a worm thread, is a line ratner than a point, 
as Mr. Grant seems to believe, according to the statements 
made in his well-known book on gears. Mr. Beale made a 
model worm and worm wheel, the worm being about 114-inch 
pitch and the worm wheel about 3 inches diameter at the 
roots of the teeth, of which there were only seven. This 
model was carefully fitted and the ends of the 7-tooth worm 
wheel were cut off to a length of about 4 inches, so that the 
nature of the contact could be observed when the two were 
in contact. From visual evidence, and tests made by bluing 
one member and pressing the two members together, also by 
rotating them in mesh, while one tooth was blued, a number 
of witnesses came to the conclusion that, as already stated, 
contact between a worm thread and a tooth of a worm wheel 
is along a line. The models used for this experiment may 
be seen at the works of the Brown & Sharpe Manufac- 
turing Co. 


NEW USE FOR CARBORUNDUM. 

The Electrical Review (London) says that a new and valu- 
able use has been discovered for carborundum, which is manu- 
factured at Niagara Falls by the Acheson process, and that is, 
covering firebrick with a highly refractory coating. Since car- 
borundum can only be melted at extremely high temperatures, 
the electric furnace being required for the purpose, it follows 
that the temperatures ordinarily generated for smelting of 
ores and metals are much below its fusing point. Finely 
powdered carborundum is made up into a paste with water- 
glass, i.e, sodium silicate, or some similar binding substance; 
and the paste is applied by means of a brush, or otherwise, to 
the bricks which are intended to be used for building a fur- 
nace, or those bricks are actually immersed in the viscid 
liquid for a certain time. If the furnace has already been 
built, the paste can be painted on to the exposed surfaces, 
giving one or more coats as may be desired. It is stated 
that a layer 1-12-inch thick will protect the bricks from the 
attack of the highest temperature which is ever produced by 
combustion methods in ordinary work; examination of the 
bricks in such a furnace (after it had been pulled down) 
having shown that they had not suffered in the least. The 
skin of carborundum does not chip off, and is hard enough to 
resist mechanical injury. 


ECONOMY OF REHEATING AIR. 

Results of tests by students at Cornell University upon the 
economy derived by re-heating air were recently published 
in the Engineering and Mining Journal. Gas was used as fuel 
for re-heating and was also metered, thus making very accurate 
testing possible. The motor was a two horse power vertical 
engine with a shaft governor, and was provided with a Prony 
brake and an indicator. The series of tests was made with 
several one-hour runs, gage pressure varying from 57 to 82 
pounds, and pressure of air raised by re-heating from 90 
degrees to 320 degrees, the results being carefully recorded 
and tabulated. The following summary of the tests is from 
the Engineering News. For general purposes we need only 
give the following summary of results: (1) The net gain 
in economy was greatest for the lower gage pressure of 57 
pounds; (2) The curve of efficiency indicates that there would 
be no further gain by heating the air above 450 degrees F., 
and with the engine used 400 degrees F. was the maximum 
temperature consistent with smooth running, on account of 
the ill effects of a higher temperature upon packing and 
lubricant; (3) Reheating the air relieves the engine from dif- 
ficulties due to freezing of the moisture in the exhaust pas- 
sages, with resulting choking; (4) The economic advantages 
of reheating were conclusively proved. A compressor able to 
supply 100 horse power of cold air to the motor, could supply 
178 horse power by the use of reheaters. 


USES FOR ALUMINUM. 

From time to time we have noted certain interesting dis- 
coveries and processes connected with the working of alumi- 
num; also new uses. A stock item has been new solders which 
were supposed to be useful for soldering this difficult metal. 
In general aluminum solders do not appear to be unqualified 
successes. This time we note a process for welding alumi- 
num, one for hardening it, and the use of aluminum as a 
whetstone for sharpening edged tools. A New York woman 
has been granted a patent for the aluminum welding process, 
which appears to be exceedingly simple. The parts to be 
welded must be scrupulously clean and raised to a temperature 
of about 1,100 degrees F., at which temperature aluminum 
softens. Pressure is then applied until the two parts are 
united, the temperature being maintained constant during the 
process. The hardening process consists of alloying alumi- 
num with from 2 to 10 per cent, of magnesium and then passing 
it several times between rollers while at a temperature of from 
750 to 930 degrees F. The result is a metal that cuts and 
files well and still has all the ductility and malleability of 
pure aluminum, the hardening process merely improving its 
working properties. As to the use of aluminum for sharpen- 
ing tools this is the alleged discovery of a German who avers 
that an aluminum stone is superior to the ordinary oil stone 
in every particular. A demonstration of this claim should not 
be difficult. 


THE HISTORY OF THE SLIDE REST. 

The slide rest. which is such an important and indispensabl 
feature of the lathe, planer, and in fact of all machine tools, 
was the invention of Henry Maudslay, but the logical develop: 
ment of the idea into the slide lathe for screw cutting and 
long turning, we are told, was the work of a Manchester inven- 
tor. W. H. Bailey, in an interesting historical article, ‘The 
Mechanical Inventors of Manchester,’ in the December issue 
of Cassier’s Magazine, says that the invention of the slide 
lathe is due to Richard Roberts and that the first slide lathe 
is working in the shops of Beyer, Peacock & Co., at Gorton, 
England. The carriage of this lathe is on the front of the 
bed instead of being on top as in general practice now. Rob- 
erts brought out this improvement about 1816. The front 
slide lathe is again coming into use to some extent in Eng- 
land. 

Roberts also invented an iron planer, an automatic emery 
grinding machine, a slotting machine, an automate drilling 
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machine and a punching machine that would punch holes in 
plates automatically to any pattern desired. The pattern was 
controlled by a card which was introduced into the machine 
and used in much the same manner as the cards in the jacquard 
loom. Machines built on this plan were used for punching 
the plates of a number of large tubular bridges, including 
the Brittania, Menai, Conway, St. Lawrence, etc. The writer 
claims that Roberts was the inventor of the first iron planer 
of the type now used, but proof of this is quite impossible since 
the early contemporary inventors kept their inventions secret 
and enjoyed the advantages accruing from the use of their 
machines, making exact dates unknown. It is quite certain, 
however, that a number of planing machines were in use at 
about the time that Roberts invented his. 
A NOVEL STEAM TURBINE PLANT. 

A unique steam turbine installation is to be made by the 
Westinghouse Machine Co., Pittsburg, Pa., at the Cumberland 
Mills, Portland, Me. These mills are electrically driven, most 
of the current being supplied by several water power plants 
and the balance by a steam plant. In anticipation of trouble 
in the water supply, through floods, anchoring or drouth, it 
was decided to add another steam plant, and after consider- 
ing the subject carefully a steam turbine was ordered, and it 
will be used solely for the purpose of a relay or reserve 
power. So far as we know this is the first steam turbine in- 
stallation for relay purposes. 

The turbine is of the Westinghouse parallel flow type, of 
540 horse power capacity, and will operate under a steam 
pressure of 165 pounds, receiving its supply from a boiler 
plant located some distance (350 feet) from the unit. The 
steam before entering the turbine will be superheated ap- 
proximately 100 degrees F. by means of an independent super- 
heater located just outside of the building and fired by waste 
hydrogen gas rising from electrolytic baths used in the proc- 
ess of manufacturing at the plant. This gas has heretofore 
been a waste by-product and is here utilized for the purpose 
of re-evaporating condensation in the long steam line and 
superheating the steam to a point where the increased econ- 
omy of the turbine at superheat temperature is available. 
The turbine will operate at a high vacuum-—28 inches—which 
is supplied by a condensing system employing a surface con- 
denser with gravity circulation. 

The generator is mounted upon the same bedplate as the 
turbine and is direct driven from the turbine shaft through 
a flexible mechanical coupling. The space occupied by the 
unit is 70 square feet per horse power. The steam economy 
will approximate 13.5 per E. H. P. at 100 degrees superheat, 
which is equivalent to less than 11.0 pounds per I. H. P., as 
rated in reciprocating engine practice. 


REMARKABLE PROPERTIES OF NICKEL STEEL. - 

In the November, 1901, issue of MacHiInERy, mention was made 
of a nickel-steel alloy containing about 36 per cent. of nickel, 
which has most remarkable properties. The coefficient of 
expansion is only about one-thirteenth that of wrought iron, 
or .0000005 for one degree F. It is also said to resist oxida- 
tion to such an extent that polished pieces may be exposed 
for weeks to the air with scarcely appreciable damage, where 
ordinary iron and steel would quickly coat with rust. Nat- 
urally such a metal would be of great value in the arts 
for the construction of instruments of measurement and for 
the pendulums of clocks, which latter use was mentioned. 
This alloy was discovered in France, but the published ac- 
counts of the properties of the alloy were received with doubt 
in the United States, some scientists, in fact, denying that 
such nickel alloy properties were possible. Now, the Ameri- 
can Machinist of January 8 publishes a letter from Ch. E. 
Guillaume, Associate Editor of the International Bureau of 
Weights and Measures, which affirms the statements made 
regarding the low coefficient of expansion, and adds some in- 
teresting facts. He says that all clocks of precision now 
made in Germany, are fitted with nickel-steel pendulum rods 
in place of the mercury compensation rod formerly used. 
The alloy is also being used in France and Switzerland. It is 
being employed for geodetic instruments and theodolites, 
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having been adopted for this purpose by the U. S. Coast and 
Geodetic Survey. M. Guillaume furthermore says that it is 
possible by the addition of iron or nickel to the least ex- 
pansive nickel alloy, to make an alloy having almost any de- 
sired coefficient of expansion. In this way “platinite”’ is made 
which has the same expansion coefficient as platinum, and 
also, of course, as glass. It is well known that every incan- 
descent electric light globe made in the customary way, re- 
quires two tiny pieces of platinum sealed in the glass to 
form the connections with the wires and carbon filament, 
platinum having to be used to pass through the glass because 
it was the only metal known that had the same rate of ex- 
pansion and contraction. The consequence is that platinum 
has risen in price higher than gold because of the great de- 
mand for it in the electric lamp manufacture. ‘“Platinite”’ 
is now being quite extensively used in Huropean factories in 
place of platinum. 


ABOUT SUPERHEATED STEAM. 

In a paper on superheated steam, read before the Decem- 
ber meeting of the Engine Builders’ Association, Mr. E. H. 
Foster stated that there have probably been as many as 7,000 
Ssuperheaters installed in European power plants. Super- 
heaters are installed in a variety of ways. The steam from 
the boiler drum may be passed through pipes so placed in 
the boiler setting proper as to intercept the hot gases and 
raise the temperature of the steam beyond that due to its 
pressure, or the superheater may be in a separate setting sup- 
plied with its own furnace or so arranged that the boiler 
gases will be deflected through it. The coils are made of seam- 
less drawn steel or cast iron of a composition designed to stand 
high temperatures. On account of the diminished density ot 
superheated steam the sizes of steam pipes and ports may 
be reduced about 20 per cent. from what would be necessary 
for saturated steam for the same power. The velocity of 
superheated steam in pipes should be near 6,000 feet per minute 
to secure a minimum drop in pressure and at the same time 
a minimum loss of temperature. Steam jackets are unneces- 
sary as a feature of economy in the operation, but the author 
thinks that they are possibly advisabe on high-pressure eylin- 
ders to facilitate warming up and starting large engines. The 
efficiency of superheated steam engines has been demonstrated 
in this country by the acceptance tests of some vertical com- 
pound engines for electric lighting service in Boston. These 
engines, which were of 1,200 and 2,400 horse power, showed a 
feed water consumption of 12.54, 12.51, and 12 pounds on full 
load, three-quarter load, and one-half load, respectively. The 
superheat was 80 degrees, 64 degrees and 48 degrees, respec- 
tively, at the high pressure admission, and 60 degrees, 67 de- 
grees and 84 degrees, respectively, at the low-pressure admis- 
sion. These engines have reheaters and steam jackets on both 
cylinders. Better economy would have resulted if the jackets 
had been left off the low-pressure cylinders. Mr. Foster says 
that the question of lubricating the cylinders with super- 
heated steam is not serious, and that many have borrowed a 
lot of unnecessary trouble anticipating conditions that are 
not met with in practice. It should be borne in mind that 
the temperature inside the cylinder is never very high, even 
though the degree of superheat is considerable. If the cylin- 
der is lubricated directly without mixing the oil with steam 
at the entrance point, there cannot possibly be any trouble. 
With good grades of mineral oil it is possible to successfully 
lubricate the cylinders in the ordinary way practiced with sat- . 
urated steam. Poppet valves, of course, are used on the high- 
pressure cylinder. 


A POSSIBLE SLOW-SPEED GENERATOR AND MOTOR. 

In his presidentiai address read before the Institution of 
Electrical Engineers, James Swinburne referred to an inter- 
esting principle in generator and motor construction which, 
if certain defects could be overcome, would make possible and 
feasible the construction of slow peripheral speed generators 
and motors giving a high electromotive pressure, or in other 
words, a high voltage. A slow speed motor is a highly desir- 
able feature of successful electric railway operation, and such 
a motor ought also to find extensive application in driving 
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shop tools. The cut shows the principle diagrammatically. 
The field has a number of N and § poles in succession, as 
usual in an alternator, and is laminated. The armature is 
drum-wound as if for a two-pole field, and it has teeth which 
come opposite N poles on one side of the machine and S on 
the other. A very small movement of the armature causes 
the positions of correspondence to change rapidly, so that the 
magnetic field rotates rapidly. Thus, if there are 11 arma- 
ture teeth and the speed is, say, 200 rotations per minute, 
the field rotates at 2,000, giving the corresponding pressure. 
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Fig.1. Diagram Illustrating Principle of Slow-speed Generator and Motor. 


If the field rotates with the armature the effective speed is 
1,800; if the other way, 2,200. The difficulty in such a machine 
will arise from magnetic leakage. The armature reaction is 
also considerable. But reversing devices analogous to those 
proposed and used by Edison, Houston, Sayers, Atkinson, 
and others are available, and the machine may be made so 
that the armature largely excites the field in the case of 
a generator, and wholly excites it in the case of a motor. 
It is a question whether such a device as this may give us 
a light, compact motor. 


NOISY GEAR WHEELS. 


Cassier's Magazine. January, 1903. p. 459. 


The difference between noisy gears and quiet gears, says 
Oscar J. Beale, is often so slight that an expert cannot decide, 
by mere inspection, to which class a given pair of gears be- 
longs. Both kinds are not infrequently produced in the same 
lot, apparently under the same conditions. This is disquiet- 
ing, and may lead to misunderstanding. The inspector has 
heard so many explanations as to how the bad work came 
about that he has become skeptical, and when he is told that 
the noisy gears were turned, cut, and fitted to place exactly 
like the quiet gears, his belief in narrative statements re- 
ceives another shock. 

A pair of gears about an inch in diameter, at 10,000 to 
15,000 revolutions per minute, will sometimes set up a dis- 
tressing noise, approaching the shriek of a small steam whis- 
tle, which may come from motion of the air and not from faults 
of construction. And so a constructor of gears has a peculiar 
anxiety—he is not at all concerned as to the geometrical move- 
ments of his gearing so long as it will keep quiet. He has 
various devices, other than the correct shaping of the teeth, 
with which he hopes to avoid disagreeable sounds; if he has 
light power to transmit, he may choose a fine pitch for the 
teeth; he may make his gears of brass, sometimes of rawhide, 
and again of compressed paper. 

One of the details of construction that may cause noise is 
that the depth of the tooth spaces is not right. In this re- 
spect gears are oftener cut too deep than not deep enough, and 
it is worse to have the driver too deep than the driven gear. 
Another cause of noise may be that the cutting is not central. 
This may be shown by gears being noisy in one direction and 
quiet when running in the other direction. Again, the center 
distance may not be right; if meshing too deep, the outer 
corners of the teeth of one gear may strike hard against the 
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roots of the teeth of the other gear. Still another reason for 
noise may be found in the fact that the frame carrying the 
gear shafts may be of such form and size as to give off sound 
vibrations. 


THE VARIABLE SPEED ELEMENT IN THE OPERATION 
OF PUNCHING MACHINES. 


Electrical World and Engineer. January 3, 1903. p. 25. 


In discussing electrical power distribution in the shop, Kern 
Dodge says that in the case of a punching machine, it is com- 
monly regarded as a constant-speed machine and intimates 
that it is usually installed with no provision for varying the 
speed, when as a matter of fact to get the maximum efficiency, 
it should be provided with means for varying the speed. To 
illustrate, if a punch is driven at a speed of, say, 35 strokes 
per minute, with light work, the operator may be able to 
punch a hole at every stroke, but if he gets work a little 
heavier, which will permit him to only punch 28 or 30 holes 
per minute, then he will have to miss every other stroke, which 
gives the machine a capacity of only 17% holes per minute 
as against 28 or 30 if the motor could be slowed down to 
accommodate the work. 

In selecting a motor for a punching machine Mr. Dodge 
says that it is perfectly safe to overload a motor 30 to 40 per 
cent. at the instant of punching, as the actual time required 
for the punch to pierce the metal is but a fraction of the run- 
ning time, but there are other elements that cannot be over- 
looked, and those are principally the size, weight and speed 
of the flywheel. In many cases a motor which is of ample 
power to operate a punch when it is once in motion, will not 
have sufficient starting torque to overcome the inertia of the 
flywheel. The best way to determine the power required is 
to temporarily belt a motor to the punch and take careful 
readings of the ammeter and voltmeter in the motor circuit. 
But the result will be misleading if the test motor employed is 
much larger than the actual motor required, since the larger 
motor will overcome the inertia of the flywheel quickly, which 
would not be the case with one much smaller. 


JIG FOR LAYING OUT AND DRILLING HOLES IN JIGS. 
Iron Age. January 1, 1903. p. 53. 

A laying out and drilling jig for locating and drilling holes 
in jigs is described by “C. L. G.,” who says that it is being 
successfully used with a large universal milling machine havy- 
ing a vertical spindle attachment, in one of the large shops in 
the East (Pratt & Whitney Co.). With this fixture holes may 
be located and drilled in plain plate jigs with rapidity and 
within close limits. 


ra 
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Fig. 2. A Laying out Jig. 


A is a flat plate which must be planed true; B is a square 
provided with a T-slot groove; C is a bar for holding the 
ground bushing D. The outer diameter of the bushing D is 
ground to exactly 2 inches diameter. The dimension x on the 
square B is exactly 1 inch. Work in which holes are to be 
located is fastened to the plate A, and the bushing D is brought 
directly in line with the various holes to be drilled by means 
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of micrometer measurements between the edge of the bushing 
D and the square B, these measurements being taken at right 
angles to each other, either from the inner side of the square 
and bushing or the outer edges, according to which is most 
convenient. The workman takes into consideration in making 
measurements one-half diameter of the bushing D and the 
width of the square #. A standard set of bushings can be 
made to suit various diameters to be drilled. It is evident 
that this method of locating holes does not possess the refine- 
ments of means employed on some elaborate jigs, but has 
been found sufficiently accurate for most machine shop jigs. 


THE LOCOMOTIVE SPARK ARRESTER. 
Railway and Locomotive Engineering. January, 1903. p. 16. 


In the course of an article on the development of the loco- 
motive spark arrester, J. Snowden Bell says that so far as 
record evidence is available the “smokebox” spark arrester, 
that is, the type in which the netting is located in the smoke- 
pox as in the generally-followed present practice, was first 
proposed by J. McIlvaine, of Philadelphia, in 1833. An article 
contributed by McIlvaine to the Journal of the Franklin In- 
stitute, Vol. XII, N. S., 1833, illustrates the idea clearly. The 
netting was set in an inclined position, the top being next to 
the tube sheet and the exhaust pipe passing up through the 
middle. This design was never patented. To Isaac Dripps 
is given credit for the inclined deflecting sheet now placed 
in front of the tube sheet so as to cause a more or less uni- 
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Fig. 3. Locomotive Front End for Intercolonial Engines. 


form distribution of the hot gases through all the tubes. This 
design, which was made in 1849 by Dripps, was referred to 
as an “arrangement of deflecting plates in front end of 
boilers for burning anthracite coal on the C. & A. R. R.” 

The differences between the various forms of smokebox 
spark arresters now in use, are practically only those of detail, 
all embodying more or less perfected forms of the McIlvaine 
and Dripps designs. Mr. Bell refers to the design of front 
end used on 25 locomotives recently built for the Intercolonial 
Railway of Canada, which was designed by Mr. J. E. Muhi- 
feld, and says that the idea of increasing the effective length 
of stack by continuing it down into the smokebox, as shown 
in the cut, Fig. 3, was originated by Zerah Colburn in 1854, 
and was tried on the Columbia Railroad (now part of the 
Pennsylvania Railroad). The plan proposed by Colburn was 
to afford relief for roads having low bridges, tunnels, etc., 


and consisted of placing a sheet of iron across the smokebox . 


just above the upper row of tubes and attaching the lower 
end of the stack to it. This not only increased the effective 
length of stack, but also reduced the volume of the front end, 
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which Colburn deemed as being quite essential to good steam- 
ing qualities. Colburn’s plan seems to have been abandoned, 
for reasons not given, which more than likely were no reasons 
at all more than the indifference of the mechanical department 
of that road. 

We believe that Prof. Goss and his assistants at Purdue Uni- 
versity have made experiments that confirm what has: appar- 
ently been demonstrated by practice, i. e., that the effectiveness 
of a locomotive stack is increased by this expedient. Thus 
are old ideas revived and made useful. 


PEAT FOR FUBL. 


Outlook. January 17, 1903. p. 173. 


In an article on the possibilities of peat, S. Power says 
that while New York is shivering in the grasp of a cold wave 
there are within two hours’ distance sufficient peat deposits 
to keep its fires for two generations. New Jersey. has peat 
deposits enough to last a century, Chicago is surrounded by 
it, the Wisconsin valleys are filled with it, Indiana might sup- 
ply her neighboring states with peat fuel and never feel it, 
St. Paul has peat fuel beds to last her fires indefinitely. Some 
years ago a state geologist estimated the peat along the 
Hudson River, through Westchester and Rockland Counties, 
at over 2,000,000 cords. In fact peat is a fuel that is widely 
distributed over the earth’s surface and has been used in a 
limited way for centuries, yet it is a fuel that is little known 
at the present time in the United States. One and four-fifths 
tons of air-dried peat are equal to one ton of good coal, and 
it burns smokelessly. 

During the time of the Civil War coal became very scarce 
and high in some sections, and between 13860 and 1875 forty- 
six firms began to cut peat in New York, New England and 
Ohio. It was everywhere liked as a household fuel, and was 
an excellent steam fuel, but the supply seems to have been 
inadequate, or possibly peat fuel could not compete with coal, 
and it fell into disuse. Peat is ground and pressed into bricks 
on the Continent at a cost of sixty cents a ton. The writer 
also claims that it is being manufactured on this side of 
the water at a cost of $1.75 a ton. The manufactured peat 
is highly prized for household use in Holland on account of 
its cleanliness and because it takes up so little room. 


SOLDERS FOR METAL. 


L’Echo des Mines et de la Metallurgie. November 17, 1902. 


The following solders are given as of practical value: 

Soldering Tin to Cast Iron: Clean the iron with the great- 
est care and remove every trace of oxidation. 

Coat with muriatic acid into which a little zine shall have 
been previously placed. 

Heat the iron to a point where the tin will melt when com: 
ing into contact with it. 

Remove the piece and solder the tin in the usual way. 

Solder for Copper: Take a solution of chloride of zine and 
moisten the parts to be soldered, after seeing to it that they 
have been well cleaned, and then bring them together in the 
position which they are finally to occupy. Heat them with a 
blow pipe and allow the solution to evaporate. Then bring 
the tin into contact, which, as soon as it is hot enough, will 
melt and flow in between the surfaces. The latter will then 
be found to be perfectly soldered. 

Solder for Lead: Scrape the surfaces to be soldered very 
carefully. Place between them a thin layer of lead amalgam 
and pass an ordinary soldering iron over the line of union. 
The heat will liberate the mercury of the amalgam and the 
lead thus set free will be found to be in a very finely divided 
condition and in a molten state that will serve to unite the 
two surfaces. 


Cold Solder for Iron: Make a paste composed of 


Sinubeline scams ub once do De Oro Ob Udo uae goo me on go o6 6 parts 
MIMS IEICE Roo aS coe Ab ous DU oOo oo Fone wn 6 parts 
13% 0) G2» Gaear rea ern Cras tic PAC CIE TICnU LOTS Quarto Oro 1 part 


Dilute the whole with concentrated sulphuric acid. 
Apply the paste and press the two parts tightly together and 
allow them to stand for six or seven days.—G. L. F. 
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INTERNAL GRINDING MACHINES. 


Engineering (Lendon), December 12, 1903. p. 767. 


Joseph Horner describes a class of internal grinding ma- 
chines made by some foreign machinery builders, which are 
adapted to grinding the holes in levers, forks, connecting rods, 
and other similar pieces of comparatively long dimensions 
“which make it impossible and undesirable to swing them on 
the faceplate of an ordinary grinding machine of the lathe 
type. He first points out that for work that is to be swung 
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Fig. 6. 


Fig. 5, 


around a stationary axis spindle a vertical spindle machine is 
preferable for internal work, for the reason that work of 
irregular shape runs in better balance and is easier chucked 
by the workman, who can also better see the progress of the 
work. But the class of machines he describes that are of 
particular interest, is that in which the spindle has a sun- 
and-planet motion, thus making possible the grinding of holes 
in pieces that cannot be swung. 

The illustrations, Figs 4, 5 and 6, show sections through 
the spindle bearing of a grinder of this class made by Fried- 
erich Schmaltz, of Offenbach-on-Main. The three views show 


DRIVING PULLEY FOR SUN-AND-PLANET MOTION 
LOOSE PULLEY 


Fig. '7. 


the grinding of an internal flat surface, the grinding of a hole 
and the grinding of a pin. In the first case the eccentric 
bushing C is locked in the second eccentric bushing B so that 
the spindle A is concentric with the exterior bearing and the 
grinding proceeds on the work D the same as with an ordinary 
vertical machine. In Fig. 5, the bushing @ is set at its greatest 
eccentricity and carries the wheel around the interior as it is 
rapidly driven. In the same way the exterior of the pin is 
ground in Fig. 6. It will, of course, be understood that the de- 
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gree of eccentricity is varied by shifting the relative positions 
of the eccentric bushings B and C. In the machine made by 
Le Progrés Industriel of Brussels, Belgium, this is accom- 
plished by a tangent screw a, Fig. 7, meshing in a worm, the 
former being attached to the exterior bushing and the latter 
to the interior one. This spindle is an attachment that can 
be used with ordinary grinding machines, either of the hori- 
zontal or vertical type, or in a lathe. Means must be provided 
in all machines of this type for compensating the tension of 
the driving belt, which would otherwise be alternately tight 
and slack for opposite phases of the sun-and-planet motion. 
In the Schmaltz machine this is accomplished by running the 
driving belt over idler pulleys, which are counterbalanced so 
as to give and take, to accommodate the sun-and-planet mo- 
tion. This is feasible since this motion is not rapid, being 
only 50 turns per minute for the Le Progrés Industriel ma- 
chine while the spindle makes 4,200 rotations. The degree 
of eccentricity of the spindle of the latter machine can be 
varied from zero up to %-inch radius. This range can be 
amplified by varying the sizes of the wheels on holes, but not 
on the external surfaces of pins for reasons that are quite 
obvious. 


THE HOPKINSON METHOD OF TESTING GENERATORS. 
Science and Industry. January, 1903. p. 28. 


The usual system of testing electric generators and motors 
in England, is that devised by the late Dr. John Hopkinson. 
W. H. Booth says that in practice it is only suitable for test- 
ing machines which are» made in duplicate and are alike in 
all particulars. The prime advantage of the method is its 
economy; it is exceedingly convenient and accurate. 

Two similar machines to be thus tested are preferably 
coupled upon the same spindle. They may also be connected 
by means of a belt, but this introduces the element of belt 
friction and renders it less easy to secure exact results. The 
two machines thus connected are worked respectively as a 
motor and as a generator, the motor machine driving the 
generator, which in turn supplies current to cause the motor 
to work. The idea is thus one of the kind that is such a 
favorite with the “perpetual motion” man. But there is a very 
important difference. In addition to the current from the 
generator machine, which goes to drive the motor, there is a 
further supply of current brought to the motor from an out- 
side source. Let us suppose that the machines are each of 
100 kilowatts capacity and that they each have an efficiency 
of 95 per cent. Then, if the generator is revolved by a power 
of 100 kilowatts, it will lose 5 kilowatts by bearing friction, 
windage, hysteresis, etc., and will deliver 95 kilowatts to turn 
the motor. The motor makes use of this current at an effi- 
ciency of 5 per cent., and loses 4.75 kilowatts of the amount 
by similar losses and has a useful output of 90.25. The motor 
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Internal Grinding Head Construction employed by Le Progres Industriel 


is thus short by 9.75 kilowatts of the 100 kilowatts necessary to 
turn the generator. To obtain this further output we must add 
10.263 kilowatts from some external source, for we shall lose 
5 per cent. of this added current also. The amount is found 


95a 
by the simple percentage calculation 9.75 —=——, # being the 
100 
9,75 
added current. Therefore, «= = 10.263 kilowatts. We 
95 
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add this amount to the 95 kilowatts we are drawing from the 
generator, and find a total of 105.263; and, if we multiply this 
sum by 0.95, we shall obtain exactly 100 kilowatts of motor 
output of mechanical energy. The amount of current added 
from an external source is thus the measure of the total loss 
of the two machines acting respectively as motor and as gen- 
erator. By the aid of a small dynamo of 10 kilowatts capacity, 
we are thus enabled to test two large machines of 100 kilo- 
watts each. Where similar machines cannot thus be obtained, 
a motor must be run on a brake with consequent loss of all 
the power, or a generator is run on a water resistance, and in 
either case there is great loss of energy, which means coal 
and money. The Hopkinson test is thus most useful and 
economical to manufacturers of electric machines. 

The writer then proceeds to describe, somewhat fully, a test 
for efficiency conducted in this manner, and concludes as fol]- 
lows: 

The Hopkinson test is the electrical parallel of a similar 
hydraulic test. A turbine and a centrifugal pump might be 
connected on the same spindle. If 100 cubic feet of water were 
put through the turbine in a given time and only 60 cubic 
feet ran to waste, the pump returning 40 cubic feet to the 
source of supply, we should say that the combined efficiency 
of the two machines was 40 per cent. 


FAN BLOWER FOR THE CUPOLA FURNACE. 
Abstract from Paper read by R. B. Hayward before the Pitts- 
burg Foundrymen’s Association. January 5, 1903. 

For a considerable period of time in early foundry practice 
the blowing engine such as is now used in the manufacture 
of Bessemer steel and in blast furnaces was used tor blowing 
the cupola, but this was displaced by the rotary or positive 
pressure blower having rotating impellers. This type of 
blower held undisputed sway until the development of the 
centrifugal fan blower. The fan was introduced by Sturtevant 
about thirty years ago, who was the pioneer manufacturer of 
blowers in this country and in the world. 

There are two general types of fans for moving air, one 
being the propeller or disk fan, which discharges air in lines 
parallel to its axis, and the other being the peripheral dis- 
charge fan with inclosing case. The disk wheel type of fan 
is incapable of moving air against any considerable resist- 
ance, and is, therefore, without value for the cupola furnace, 
although well adapted to moving large volumes of air against 
low pressure. 

The peripheral discharge fan is built either as a volume 
or pressure blower, that is, to discharge a large volume of air 
against a low pressure, or a small volume against a higher 
pressure. Both forms are essentially alike, the design being 
modified to suit its particular requirement. In either case the 
mechanism consists of a blast wheel made of radial arms 
having floats fastened to the ends, which present their flat 
surfaces for moving the air. The wheel is ordinarily inclosed 
in a case having an outlet, the whole forming a means for 
directing the blast. The maximum amount of air can be 
moved with a wheel when it has no case, but this form can 
only be used for special purposes where it is not necessary to 
give the blast any special direction. The distinction between 
a volume blower and a pressure blower is that the former is 
designed to move a large volume of air at a low pressure, and 
the latter to move a relatively small volume at a higher 
pressure, which may be as high as 20 ounces per square inch. 
The points of difference in construction between a volume 
blower and a pressure blower having the same diameter of 
wheel, are that the volume wheel is wider and that the pres- 
sure wheel has bridging pieces spaced at short intervals on 
the periphery between the extremities of the blast wheel 
arms, their use being to prevent the air rolling back upon 
itself at high speeds. A pressure wheel is also made as 
narrow as it can be consistently with a given diameter. 

Air is delivered from the tips of a peripheral discharge fan, 
tangentially by centrifugal force, an equal amount entering 
at the center of the wheel to replace that discharged. The 
volume of air delivered varies directly as the speed, the pres- 
sure as the square of the speed and the power as the cube of 
the speed. That is to say, multiplying the speed by two, mul- 
tiplies the volume by two, the pressure by four, and the power 
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by eight. A thorough understanding of these conditions would 
often save much trouble for both the purchaser and the sales- 
man. If the speed is increased over that specified, the power 
required may be enormously increased for a slight increase 
of speed. In general where a fan has been installed and it 
afterward becomes necessary to increase the volume of air, it 
is cheaper and better to put in another fan than to speed 
up the old one. The pressure required for foundry prac- 
tice varies from 4 to 14 and 16 ounces per square inch, depend- 
ing on the size of the cupola. 


LARGE STOP VALVES FOR HIGH-PRESSURE STEAM. 
Abstract from Paper read by J. H. Gibson before the North- 
East Coast Institution of Engineers and Shipping 

December 12, 1902. 

The author referred to the well-known difficulties encoun- 
tered in the use of ordinary large stop valves and _ high-pres- 
sure steam, especially the double-beat or equilibrium valves 
such as are generally used for the throttle valves of locomo- 
tives and in the main steam pipes of large marine engines. 
The construction of these valves, which makes them easy 
to open, unfortunately introduces a condition favorable to 
leakage. No matter how carefully the two seats of a double- 
beat or double-poppet valve are fitted when cold, they will 
be distorted somewhat out of truth by the heat and pressure 
of the steam, and the same also holds true of the valve case, 
so that leakage is almost inevitable, especially with the 
larger valves. To force such valves to their seats with great 
pressure is out of the question with man power alone, so on 
the large ocean liners the main actuating valve is commonly 
actuated by a separate engine driving worm gearing, the idea 
being to compensate for the defects of the valve by main force. 
This, as the author points out, is scarcely mechanical or in 
accordance with good engineering. He also says that the 
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Fig. 8. Fig. 9. 


annoyance of leaky regulating valves is a very real one to 
the engine room staff of a steamship. It is not always per- 
missible to close the boiler stop valves or even the shut-off 
valves usually fitted in the main steam pipe at the engine- 
room bulkhead, as under certain circumstances the engines 
may be stopped for hours in “stand-by” condition, ready at a 
moment’s notice to move “ahead” or “astern.” Consequently 
the steam is often allowed to leak through the engines; and 
the cylinder drains must be kept open continuously, adding 
greatly to the discomfort of the engine-room and increasing 
the danger of pressure accumulating in the receivers, thus 
blocking the engines when a sudden call is made. 

Mr. Gibson then described the valve made by his firm for 
the starboard engines of a torpedo boat destroyer of 6,000 
indicated horse power, which was tested alongside of the 
valve made for the port engines. The valve for the starboard 
engines is shown in Fig. 9, and its distinguishing feature is 
a flexible disk of hard-rolled bronze, bearing on the larger 
seat, the disk for the smaller seat being made solid with the 
stern as in the usual manner. This valve stood a cold hy- 
draulic test of 500 pounds per square inch and a steam pres- 
sure of 250 pounds, with no leakage whatever. The solid 
disk valve leaked badly with steam, although it was made 
with care and the seats were jammed down with the aid 
of a lever. In the improved valve any distortion of the valve 
or seats is compensated by the flexible bronze disk, which 
accommodates itself to changes in shape and permits the solid 
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valve disk and seat to close tightly. The larger valve con- 
sists of a flexible disk of hard-rolled bronze, the smaller valve 
being solid and of the usual type. The distance between the 


valve seats is slightly greater than that between the valves. | 


Consequently, in ciosing, the flexible valve engages its seat 
first. The solid valve is then pressed home on its seat by the 
unbalanced steam pressure acting on the central area of the 
larger valve, assisted by the handling gear. Any distortion 
between the valves and seats is thus taken up by the flexible 
disk, which readily accommodates itself to its seat, leaving 
the smaller solid valve free to bed itself in its own seat. 

In the improved valve, shown in Fig. 9, some trouble was 
subsequently experienced due to the curled edge of the flexible 
disk cracking, and various other materials and forms, as shown 
in A, B, C, D, E, Fig. 10, were tried, the experiments finally 
culminating in the adoption of a perfectly flat disk, as shown 
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scale. This accident need not be feared when the firebox is 
beneath as the sheets are much better located with refer- 
ence to the fire. It is evident that the method cannot be used 
if a strictly pure steam is required.—G. L. F. 


PROTECTION OF SUSPENSION BRIDGE CABLES. 
Engineering News, November 13, 1902. 

In the Engineering News for November 13, is an article by 
Wilhelm Hildenbrand, engineer for the cables of the new 
East River Bridge, New York, in which he tells about the 
waterproof wrapping for the four large cables which are to 
support the bridge structure. For the past fifty years or more 
all large wire cables have been protected trom atmospheric 
influences by a method originated by John A. Roebling, the 
pioneer of wire suspension bridges. At the time of the early 
bridges built by Roebling, the use of steel for building pur- 
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Fig. 10. Furms of Disk Construction tried in Experiments; the one shown at E is the one finally adopted. 


at #, bearing on a raised lip on the valve seat. Should this 
disk take a permanent set, it may be turned over and used 
in that position. Apparently the disk retains its flexibility 
longer when the skin left on by the rolling process remains 
unbroken. But the amount of spring allowed is reduced to 
a minimum to relieve the disk of buckling action as much as 
possible. We find that 1-64-inch of spring is ample in most 
cases, but this allowance may have to be slightly increased 
should the valve expand so much more than the valve box 
that the difference allowed is overtaken. However, a buckling 
effect of even 1-32-inch in a 12-inch disk is scarcely percepti- 
ble, and as the number of changes from flat to buckled is com- 
paratively few and not constantly intermittent, the disk lasts 
indefinitely. 


KEROSENE AS A DISINCRUSTANT. 
L’Echo des Mines et de la Metallurgie, November 17, 1902. 
p. 1389. 

Petroleum oil has been used as a disincrustant for a long 
time. According to the figures furnished by Mr. Fritz Krauss, 
the engineer of the Austrian Society of Steam Boiler Owners, 
in every battery of six boilers one should always be out of 
commission for cleaning. The loss of heat due to the cooling 
off and reheating of a boiler amounts to about 1 per cent. 
of the total annual coal consumption, while the work of clean- 
ing may amount to 3 per cent. of the total cost for coal, to 
which should be added 2 per cent. for intérest while the boiler 
is out of service, making the total annual cost for the cleaning 
of the boiler about 6 per cent. of the annual expenditure for 
fuel. To this it is necessary to add the losses of heat due to 
incrustation, which may amount to from 4 to 5 per cent. of the 
fuel account. From this it appears that the cost of fuel is 
increased from 10 to 11 per cent. through these various causes. 
And it may be added that, in the case of small plants these 
expenses and annoyances may be considerably increased. 

The use of petroleum oil, however, makes it possible to cut 
them down very considerably. Its action belongs to the physi- 
cal-mechanical actions. It prevents the adherence of the 
deposits to the sheets and makes them soft; in contact with 
water it forms an emulsion and prevents the agglomeration 
of the particles of lime. Simply washing serves to clean the 
boiler. In a boiler that is already coated with scale, it is 
possible to detach the same by simply injecting petroleum. 
There are, however, some disadvantages in Chis eine that 1a; 
badly cleaned boiler into which kerosene has been injected, 
or where it has been used before cleaning was done, is apt to 
cause an overheating of the sheets and perhaps a fire-crack. 
Thus trouble is experienced chiefly with outside fire boxes. 
The petroleum oils should, therefore, never be used in boilers 
having external fireboxes, if the former are coated with a 


poses was unknown, and galvanizing was not invented. 


Bright iron wire was used which was treated in the follow- 
ing manner: 

Each ring of wire was dipped twice in boiled linseed oil, 
the second dipping being done after the oil of the first dipping 
was thoroughly dried. These two immersions in oil, after the 
latter became perfectly dry, surrounded the wire with a 
gummy film, to which a third coat of oil was added by passing 
the wire through an oil-saturated sheepskin, when it ran 
off from the drums for cable-spinning. After a number of 
wires were united and tied into a “strand” the latter received 
another thorough soaking of oil, which added a fourth coat- 
ing and gave assurance that any spot of a wire from which 
the oil film might have been scraped off during cable-spinning 
was covered with at least one coat of oil. 

A cable in which every wire is prepared as indicated above 
may be considered tolerably rust-proof for years if kept 
properly painted, but permanent safety can only be obtained 
by excluding all moisture from the interior of the cable, which 
requires a watertight and airtight covering. Such a covering 
was given by Roebling to all of his cables by a tight and con- 
tinuous wire wrapping over the whole length of the cable, ex- 
empting only those parts which rested in the saddles or passed 
around the end shoes. The wrapping was put on with a 
specially constructed machine, worked by hand, preceded by 
strong clamps which squeezed the bundle of strands into a 
cylindrical form of the required diameter. The wrapping wire 
was underlaid with a thick coat of white lead mixed with lin- 
seed oil, and a similar coat was applied to the top of the 
wrapping. After that the cables were painted with metallic 
or oxide paint of any desired color. The paint was put on 
thick enough to fill the hollows between wrapping wires, 
making the surface of the cable practically smooth and giving 
it the appearance of a solid cylinder. The cables of bridges 
that have done service for over 40 years have been found 
to be in a perfect state of preservation when treated by this 
method. 

When it came to the construction of the first Brooklyn 
Bridge which was exposed to salt water air, Mr. W. A. Roeb- 
ling, the engineer, felt apprehensive about his father’s 
methods of protection and it was decided to have all the wires 
galvanized. In taking up the description of the work on the 
new Brooklyn Bridge Mr. Hildenbrand gives an extended ac- 
count of the various schemes thought of, and of the one 
finally adopted. The plan of the original Roebling has been 
found by experiment to work so well and is so simple that it 
may justly be questioned whether a mistake has not been made 
in the measures taken for the protection of the cables of the 
new bridge. While it is unquestionably true that Roebling’s 
method may not be the only satisfactory one, there is nothing 
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to show that the new method is superior. It was planned at 
first to give the strands two coats of linseed oil and afterward 
to coat the completed sections of the cable with a patented prep- 
aration known as “cable shield.” It was then to be clamped and 
tied with wire wrappings and finally covered again with 
cable shield. Finally the whole was to be encased in.a sheet- 
iron covering made in sections, bolted together. The cable 
shield preparation was found to be too stiff to work properly, 
however, and another patented preparation, a slushing oil, 
was tried; but it was found that it would not give a perma- 
nent and perfect coating as it had a tendency either to 
evaporate or to deteriorate under the influence of the gases 
from the stacks of passing steamers. Finally it has been 
decided to adopt what is known as a cable compound, similar 
in its nature to a high-grade metal paint. The strands will 
now be treated first with the linseed oil and then each section 
of the cable will have the additional coating of slushing oil 
and graphite above-mentioned and the whole will be wrapped 
with a heavy coating of duck which is cut into strips and 
wound around the cable, about as a physician bandages an 
arm. The durable metal coating is next applied to the duck 
covering and finally the sheet-iron covering encases the whole. 

While it is expected that this method will give satisfactory 
results, the fact remains that it is more or less of an experi- 
ment and that the experiment is being tried on a very ex- 
pensive structure. 


TOOL FOR CUTTING OFF PACKING RINGS. 


Railway and Engineering Review. December 20, 1902. p. 905. 


The illustration, Fig. 11, shows a multiple cutting off tool 
used in the shops of the Michigan Central Railroad in making 
air-pump metallic packing. The tool is tapered so that the 
rings are cut off consecutively thus avoiding the trouble that 
would naturally result if all were cut off at the same time. 
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This tool is used in a small turret head that is set on the tool 
block of an ordinary lathe, the turret taking the place of the 
tool-post. The shank of the cutting-cff tool fits into one of the 
holes of the turret. It will, of course, be observed that the 
tool really consists of four sets of cutters, any one of which 
may be brought into use ag the others become dulled. 

* * * 

A balloon constructed by the French War Department for 
crossing the Sahara is to carry six pigeons, whose safe pas- 
sage will be supposed to show the feasibility of the plan. 
As the trip may require four or five days, the recording ther- 
mometer and barometer have clockwork to operate five days; 
and a camera, carrying a long strip of film, is so arranged 
that exposures will be made by clockwork at intervals of 
fifteen minutes during the time. Leakage is to be balanced 
by water ballast, released by a valve when the ground is 
touched by a ball hanging from the car. 

An alloy of 18.87 per cent. aluminum and 81.13 per cent. 
antimony is, says the Aluminum World, a marked exception 
to the general rule that alloys are more fusible than the least 
fusible metal they contain. Both aluminum and antimony 
, Melt somewhere near 1,160 degrees F., but the alloy melts 
only at 1,976 degrees F. Most alloys are denser than their 
constituents; this alloy is less dense. To put the matter into 
figures to illustrate, 7.07 cubic inches of aluminum alloyed 
with 12.07 cubic inches of antimony produces 23.71 cubic 
inches of alloy, or an increase of volume of 4.55 cubic inches. 
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SUPERHEATED STEAM FOR TURBINES. 
Hditor MACHINERY: 

In the Engineering Review of your December number was 
an abstract of a paper read before the Detroit meeting of the 
American Street Railway Association upon “The Adaptability 
of the Turbine to Superheated Steam.” 

In speaking of the advantage of superheat, from a thermo- 
dynamic point of view, the writer of the paper in question 
assumes that the well-known law of thermal efficiency, that is, 
T, Sry Ibs. 

-is applicable, and uses the temperature of the super- 


T, 
neated steam in this expression, implying that it is the meas- 
ure of efficiency in the case. As a matter of fact this ex- 
pression—which, of course, is the efficiency of the ideal Carnot 
cycle—is true only when all the heat is taken in by the work- 
ing fluid at the highest temperature, and all rejected at the 
lowest temperature, these two processes being therefore, iso- 
T,—T, 
-is, then, not even a rough 


thermal. The expression 


T, 
approximation as a measure of the efficiency. 

In the cycle of operations, including superheat, by far the 
greater part of the heat is taken in at temperatures lower 
than the ultimate temperature of the superheated steam, the 
greater part, of course, being absorbed in converting the water 
into steam. It naturally follows, then, that the use of super- 
heated steam is, thermo-dynamically, of but very little advan- 
tage, in any class of heat engines. It seems that the knowl- 
edge some people have of the steam turbine is that it is a 
machine consisting of a wheel, a casing around the wheel, 
and a jet of steam causing it to revolve. If these were its 
only necessary elements-we might admit, with caution, that 
“the range of superheating is limited practically only by the 
superheater.” It should be remembered that steam at high 
temperatures not only burns up the lubrication, but destroys 
the packing of stuffing boxes and has a chemically corrosive 
effect upon brass and copper. Bearing this in mind and con- 
sidering that steam is supplied to the turbine in much the 
same way as to the engine, and that this supply is increased 
and diminished with the load (thereby involving, of necessity, 
some form of regulating valve) I think statements of a broad 
nature like that quoted above should be made less recklessly. 

Superheated steam can be considered, then, but little, if 
any less objectionable in steam turbines than in reciprocating 
engines. At the same time its thermo-dynamic advantage is 
no greater and its corrective influence is much less, since the 
turbine is not possessed of the same faults as the ordinary engine. 

The point I wish to emphasize is, that while the use of 
moderately superheated steam is, in general, beneficial, rather 
than otherwise, its advantages are liable to be overestimated. 

Ris eee lee 

It is perfectly true, as our correspondent states, that there 
is little thermo-dynamic gain from the use of superheated 
steam in an engine cylinder. The increased efficiency due to 
superheated steam comes from the reduction in initial condens- 
ation and consequent re-evaporation. In the steam turbine 
there is no alternate heating and cooling of the surfaces in 
contact with the steam, and no condensation from this cause; 
yet there is an advantage from the use of superheated steam 
in turbines, as shown by many tests. Mr. Parsons estimates 
that 90 degrees superheating will reduce the water consump- 
tion of a turbine about 12 per cent. and recent tests of a De 
Laval turbine show a saving of nearly 9 per cent., with 84 
degrees superheating. While we know of no experiments to 
show just why this saving is effected, it may be due, in part 
at least, to the increased velocity at which the superheated 
steam would impinge against the blades of the wheel. It does 
not appear tc us that there need be serious trouble in lubri- 
eating the admission valves of a steam turbine using super- 
heated steam, and we believe, contrary to our correspondent, 
that the turbine is admirably adapted for superheated steam. 
In fact, Mr. E. H. Foster testifies in an item to be found in 
the “Engineering Review” of this number that there need 
be but little trouble in a steam engine cylinder, if the oil is 
introduced into the cylinder direct, instead of with the steam 
in the usual way.—HEHditor.] 
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STEEL AND ITS TREATMENT.—6. 


CASEHARDENING. 
E. R. MarKHAM. 


The subject of casehardening is one that receives even 
less consideration in the average shop than the hardening of 
tool steel, if that be possible. According to the generally 
accepted idea of the process, it consists essentially of making 
the outside of a piece of wrought iron, or of machine steel 
hard while the interior remains soft. Speaking narrowly, 
this is true; but if properly understood, casehardening re- 
quires as much study, and calls into play the reasoning 
faculty to fully as great an extent as the hardening of tool 
steel. Formerly when wrought iron was used if articles re- 
quired simply a surface the hardening operation was simple, 
compared with the present where a low grade of steel is 
used, because it is cheaper and is less costly to machine, 
and if properly treated answers the purpose much better than 
wrought iron. 

The method commonly used when hardening articles such 
as screws, nuts, etc., which simply require sufficient surface 
hardening to save tearing out the edges of screw driver slots, 
or to keep the corners of nuts from becoming rounded or 
mutilated, consists in heating the article red hot, sprinkling 
on it a little cyanide of potassium, or yellow prussiate of 
potash. Now place the article in the fire again, heating to 
the desired temperature and quenching in a bath of clear 
water, brine, oil or any liquid that will absorb the heat 


quickly. This method is extensively used and answers where 
but a few pieces are hardened, but is very unsatisfactory 
and costly for many pieces. 

As it is necessary oftentimes to harden a few pieces by 
this method, a hint may not be amiss. For best results 
use chemically pure cyanide of potassium. Pulverize it, and 
keep it in a tin or sheet-iron box having a perforated lid, 
the object of the perforated lid being that the cyanide may 
be sifted onto the work in any desired quantity. If colors 
are desired on the hardened article it will be necessary to 
polish the surfaces nicely and have them free from grease or 
dirt; for while the grease would burn when the article is 
heated, the surface would be stained and consequently would 
not color nicely. When colors are wanted, it is necessary to 
use clear water; that is, clean. Soft water produces better 
colors than hard water. Work cannot be colored if dipped 
in dirty or greasy water. 

If especially nice colors are wanted they may be obtained 
by following the directions herewith: When the work is 
ready to dip, place a piece of 44-inch gas pipe in the bath 
with its end nearly at the bottom of the bath. Blow through 
the pipe, passing the work down through the mixed air and 
water; for while work that needs coloring should not be 
exposed any longer than necessary to the action of the at- 
“mosphere, yet the injection of air into the hardening bath 
results in the most beautiful colors imaginable. Another fac- 
tor that must be considered if colors are wanted is the means 
of heating. If the article is heated in a dirty fire pretty 
colors cannot be obtained. If the article is exposed to the 
products of combustion in the fire, or the oxidizing action 
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of the air, colors cannot be obtained, or at least, not as pretty 
colors as when the article is heated in a tube, a muffle fur- 
nace or some receptacle that removes it from the influences 
mentioned. Where a number of small articles that require 
coloring are to be hardened, melt and bring to a red heat, in 
a small iron dish, a sufficient quantity of cyanide of potas- 
sium to permit immersing several pieces of work at a time. 
These may be allowed to remain in the molten cyanide for a 
length of time that insures satisfactory results; the longer 
the articles are in the cyanide the deeper will be the hard- 
ened surface. When they are ready to quench, remove and 
plunge in the bath as mentioned. Many shops have large 
cast-iron or wrought-iron crucibles, heated by fires specially 
designed for the purpose. The work, if large, is suspended 
in the cyanide by means of wires, which are made in the 
form of a double hook, one end of which passes around the 
work, or through some hole in it, and the other end projects 
over the upper edge of crucible. It will be seen that in this 
manner quite a number of pieces may be suspended in the 
crucible at atime. Where much of this class of work is 
done it is advisable to dispose in some manner of the fumes 
of the molten. cyanide, as they are very injurious to the 
health. The reader must bear in mind that cyanide of potas- 
sium is a violent poison and extreme care should be exercised 
when using it. Cyanide of potassium, unlike lead, is lighter 
than iron or steel and consequently articles placed in it 
sink to the bottom instead of floating on its surface, as is 
the case with lead; for this reason the pieces are suspended 
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by means of wires, or placed in wire cloth baskets. These 
baskets must be made of iron wire. Do not use galvanized 
wire, or wire with any form of lead or any metal whose 
fusing point is so low that it will melt at the heat to which 
the articles are subjected; otherwise the metal will fuse and 
deposit itself on the work, thus ruining it. From the fore- 
going it will also be readily understood that no solder should 
be used in constructing the basket. 

If the basket holding the work is dipped in the water it 
must be thoroughly dried before being placed in the molten 
cyanide, or the moisture will cause the cyanide to fly, and 
this, owing to the poisonous nature of the chemical, will pro- 
duce a very sore burn wherever it strikes the flesh. The 
same care must be exercised when using the hooks, which 
should be thoroughly dried before placing in the molten 
mass. When work is hardened in large quantities by this 
method it is necessary to provide extra hooks and baskets, 
to avoid delay while the moistened ones are drying. This 
method is used quite extensively for casehardening steel of 
low grade, and still more commonly for heating articles of 
tool steel for hardening. In many shops it has supplanted 
the crucible of red hot lead as a means of heating taps, ream- 
ers, and similar tools. 

The more common method of casehardening, for work in 
large quantities, consists in packing the articles in iron boxes 
with carbonaceous materials, placing in a furnace and sub- 
jecting to heat for a sufficient length of time to insure the 
penetration of carbon to the desired depth. The carboniz- 
ing element most commonly used is granulated raw bone. 
This is used either alone or with an equal quantity (volume) 
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of granulated wood charcoal. It is customary in many shops 
to place the box of work in the oven or furnace, leaving it 
there a certain length of time. This method is open to 
serious objections, for some days the furnace will heat more 
readily than others, or the box of work will not absorb heat 
as quickly one day as it will another. Consequently uneven 
results follow. In order to insure uniform results the writer, 
for many years, used a system of test wires, which he found 
furnished a reliable means of ascertaining when the box 
was heated through. A half dozen %4-inch holes are drilled 
through the center of the cover of the hardening box, and 
through these holes a piece of 3-16-inch wire is placed, the 
wire reaching to the bottom of the box and projecting about 
one inch above the top of cover, as shown in Fig. 1. When 
the box has been subjected to heat for a length of time (ac- 
cording to one’s judgment) to become heated through, one of 
the test wires is removed by means of a pair of long tongs, 
or a pair of ordinary length, with a piece of gas pipe slipped 
over each leg to give desired length. If the wire shows red, 
time from then; if not, wait a few minutes and draw another, 
and so continue until one is drawn that shows red its entire 
length. 

As previously stated, the subject of casehardening and its 
possibilities are very imperfectly understood by the average 
mechanic. A hardened surface is not the only thing desirable 
at times. If the work simply requires a hardened surface 
to resist frictional or similar wear the operation is com- 
paratively simple, provided the strength of the piece is not 
to be considered. In such cases the articles are packed in 
a box with granulated raw bone and charcoal, in equal 
quantities, and run in the furnace for a sufficient length of 
time to carbonize to the depth desired. Then the box may be 
removed from the furnace and inverted over the bath, pro- 
vided the pieces are of a size and shape that insures their 
becoming sufficiently chilled before reaching the bottom of 
the tank. Should they be too large for this to be accom- 
plished it is advisable to wire them before placing in the 
hardening box. They may then be removed from the box by 
means of the wires and immersed in the bath, moving the 
work around in the bath to bring it in contact with the 
cooler portions, and thus prevent a cushion of steam from 
keeping the liquid away from the work. If the pieces are 
small they may be dumped directly into the bath, but in such 
a manner that the contents of the box will not go into the 
bath in a mass, or the liquid will not act on the surface of 
the iron. The work may be sifted out of the box, or wires 
may be arranged to scatter the work, as shown in Fig. 2. 

Should the article be somewhat slender or weak, and it 
be desirable to get a hard surface and a tough interior, it 
may be packed in a box as described, using a mixture of 
equal parts of charred leather and granulated charcoal. 
Run as deseribed, and quench in a bath of raw linseed oil. 
If the articles are large it will be necessary to wire them, 
dipping in the oil by means of the wires; if small, the con- 
tents of the box may be emptied into a sieve having a handle, 
as shown in Fig. 38. This sieve must be made of sheet iron 
throughout to prevent its catching fire from the red hot 
pieces of work. The packing material will fall through the 
perforated bottom and the work may be dumped from the 
sieve into the oil. The object in using charred leather in 
preference to bone, for work that must be strong, is that 
bone contains phosphorous which is taken up by the iron or 
steel and this, while it is a hardening element, causes the 
steel to become exceedingly brittle, especially when in com- 
bination with carbon. Where the pieces must be quite tough, 
but no great strength is required, bone may be used. Dump 
in oil. If extreme surface hardness is desired, without hav- 
ing the piece brittle, pack in charred leather and dump 
in water. When hardening screws made of Bessemer steel 
wire, it is advisable to use expended bone—bone that has 
been used before—rather than raw bone. This will cause 
the work to be hard enough without being brittle, as when 
raw bone is used. If colors are desired it is advisable to 
char the bone before using, which may be done by filling an 
iron box with raw bone, placing the cover in position and 
sealing with fire clay. After this has thoroughly dried, place 
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the box in the furnace, allowing it to remain until the con- 
tents are charred. If the furnace is large the box may be put 
in when the day’s work has been removed and the fire ex- 
tinguished; for the walls of the furnace will in all probability 
retain the heat long enough to accomplish the desired re- 
sult. Should the furnace walls be light, however, and not 
capable of retaining sufficient heat the fire must be run for a 
sufficient time to char the bone the desired amount. Articles. 
packed in charred bone will not be as brittle as when raw 
bone is used. 

When packing work in the box, place about 11% inches of 
packing material in the box. On this put a layer of work, 
keeping the pieces about 14-inch from one another in the box, 
or 1 inch from the walls of the box at any point. Cover the 
layer of work, to a depth of 14 inch, with the packing ma- 
terial, working it well between the pieces, and tamp down. 
Now put in another layer of pieces, and so continue until the 
box is filled to within 114 inches of the top, when the box 
may be filled with the packing material. Put the cover in 
position, seal the edges with fire clay mixed with water to the 
consistency of dough, but before putting the box in the fur- 
nace run the test wires down through the holes to the bot- 
tom of the box. Carbon is supposed to penetrate iron at 
the rate of about 14-inch in 24 hours. Therefore, in order 
to harden to the depth of 1-32-inch it would be necessary to 
subject the article to heat for six hours after it was red hot. 
This can be ascertained by means of the test wires. 


Selection of Stock. 


A factor which should receive the greatest consideration, 
and which seldom gets any, is the stock that must be used 
to obtain certain results. If a hard surface is the only 
thing to be considered, almost any stock will do. If, however, 
the article is to be subjected to great strain, it is essential 
to select a stock low in percentage of harmful impurities, 
and containing carbon in the proper proportion to harden the 
article sufficiently to make it capable of resisting the strain 
to which it will be subjected. The extra surface hardness 
required may be procured by the steel absorbing sufficient 
carbon from the packing material to produce the desired re- 
sult. Articles which must resist shocks, blows, or strains 
of any character should be made from open-hearth steel 
rather than from Bessemer steel; the former runs much more 
uniform as regards percentage of impurities. 

When the article to be hardened must resist the action of 
blows, harden it in a manner that will produce a fine com- 
pact grain; it will stand up much better thus than if the 
grain were open. This can be accomplished by packing the 
articles as described, letting them run the necessary length 
of time to allow the carbon to penetrate to the desired depth. 
Then the boxes may be taken from the furnace and allowed 
to cool off. When cool, the articles may be removed and hard- 
ened in the same way as those made of tool steel—by heating 
separately in the open fire, or by being heated in red hot 
lead, or being placed in a box without any carbonizing mater- 
ial, heated to a low red and dumped in the bath. The sec- 
ond heat, without carbonizing material, produces the fine 
grain. In this manner a low grade steel may be given a 
grain as fine as the nicest tool steel. This process is fa- 
miliarly known as the Harveyizing method. It is used where 
the surface is subjected to the action of blows, or where a 
small portion of the surface is to be subjected to pressure or 
wear. Take, for example, the surface of a_ bicycle cone 
such as shown in Fig. 4, where the ball bears on a very 
minute portion of the surface. If the cone is made of 
a low-grade steel and hardened by the method familiar- 
ly known as casehardening, the grain of the steel is 
open, and consequently when the ball bears on the surface 
over one of the pores, the wall caves in, leaving the 
small hole in the surface. It is supposed by many that these 
holes are caused by the ball picking up pieces of steel that 
compose the surface of the cone. Such, however, is not the 
case; the surface caves in, not having any backing, but when 
the grain is compact this cannot happen. When cutting 
tools are made from machinery steel it is best to pack the 
work in charred leather, running them for a sufficient time, 
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allowing them to cool and proceeding as previously de- 
scribed. The grain will be fine and compact, and the tool 
hard and strong. The writer does not advocate the use of 
a low-grade steel in place of tool steel for tools, but claims, 
from experience, that many times excellent results follow if 
care is used in selecting the steel, and if the directions given 
are followed. 

When it is considered necessary to harden a portion of 
an article and leave the balance soft, it may be accomplished 
by protecting the portion to be soft with something that will 
prevent the carbon from coming in contact with the steel 
at that point, as steel cannot harden unless the surface is 
carbonized. The portion that is not protected will become 
carbonized, and consequently will harden if plunged in the 


— 


Fig. 6. 


bath when red hot. There are various methods pursued 
when a portion is not to be hardened. A very common one 
consists in placing a collar over the portion, as shown in 
Fig. 5, which, however, is a very costly method when many 
pieces are to be hardened. Another consists in protecting 
the surface with fire clay mixed with water, adding a suffi- 
cient quantity of plasterers’ hair to hold the mass together. 
Sometimes the piece is subjected to the action of carbon on 
its entire surface; but the portion that is desired soft is 
covered to protect it when dipped in the bath. In this 
case the surface is carbonized but does not harden, because 
it is protected from the cooling action of the water. As an 
example, take the crank axle shown in Fig. 6. The axle 
is subjected to the action of carbon in the usual manner. In 
order to insure fine grain in the portion where the ball is to 
run, the axle is not hardened at the heat the steel is carbonized 
at, but is given the second heat to refine the grain. The axle 
is taken with the tongs shown in Fig. 7, which effectually 
protect the enclosed portion from the cooling action of the 
bath. 

Another method used in local casehardening consists in 
machining to size the portions that are desired hard, before 
carbonizing, leaving the balance of the piece large. It is 
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then carbonized and allowed to cool, after which the balance 
of the piece is machined to size and the article is heated and 
quenched in the bath. The parts that were machined to size 
before carbonizing will become hard, while the other por- 
tions having been machined below the carbonized surface 
will be soft. As an example we will consider the axle shown 
in Fig. 8. It is first machined as shown in Fig. 9. Then 
it is carbonized and machined to size, as represented in Fig. 
8. After being machined to size it is heated red hot and 
dipped in the bath. The portion turned off after carbonizing 
will be soft while the balance will be hard. 

Still another method which works very nicely but is not 
generally used on account of its cost, consists in plating with 
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nickel the portion desired soft. As carbon cannot penetrate 
nickel the plated portion will be soft while the balance of the 
article will be carbonized and consequently will harden 
when dipped in the bath. 

When bone is used as the carbonizing element it should 
be saved and dried, for it can be used again for hardening 
small articles and pieces which need not be very hard. It can 
also be used for work that must be hard by adding an equal 
quantity of raw bone. Leather that has been used should also 
be saved, aS wnen mixed with an equal quantity of fresh ma- 
terial it works even better than the fresh material used 
alone. 

Granulated raw bone may be purchased of any size granule. 
The small sizes are used for work that is not to be subjected 
to heat for a very long time. The deeper the hardened sur- 
face must be, the longer the article must be exposed to the 
action of heat and consequently the coarser the bone should 
be. When articles require hardening very deep it is advis- 
able to use a coarse bone and run for 10 or 12 hours. Then 
allow it to cool, repack with fresh material and run for an 
equal period again. This is preferable to the method of 
exposing the heat for too great a length of time at once. If 
extra good results are required it is advisable to use bone- 
black instead of raw bone. This is a prepared form of bone 
that has been charred and ground and gives off its carbon very 
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Figs. 8 and 9. 


readily. Still better results are obtained by the use of hy- 
drocarbonated bone, which is a form of bone-black treated 
with oils. 

Charred leather may be purchased in the open market. It 
is apt to be anything but reliable, however. Best results are 
obtained if the leather is charred in the factory. Do not use 
thin, light pieces as there is nothing good in such material; 
the very best leather for this purpose is to be had from some 
shoe factory. Get the scraps left after soles are punched; this 
scrap is heavy, and furnishes a satisfactory material. Fill a 
hardening box with the scrap; put on the cover and seal. The 
box is then placed in the furnace and the leather charred in 
the same manner as when charring bone. Care must be taken 
not to overdo it; it should be charred just enough to pound 
up well. 

The granulated charcoal referred to may be obtained by 
pounding common hardwood charcoal. The most satisfactory 
charcoal, however, is to be obtained in the market, because 
the kernels are all of one size, and when the cost of pounding 
is taken into consideration the commercial article is the 
cheaper. 

* * * 


The Hlectrical Review (London) says that a piece of old 
blueprint paper can be used to determine the positive and 
negative poles of an electric wire. All that is necessary is 
to moisten the paper and apply it to the terminals of which 
it is desired to determine the polarity. In a few seconds the 
blue paper will be bleached in the vicinity of the negative 
terminal. 


Census Bulletin No. 247, “‘Power Employed in Manufac- 
tures,” states that the aggregate power employed in manufac- 
turing establishments of the United States during 1900, was 
11,300,081 H.P.; in 1890 it was 5,954,655 H.P.; in 1880, 3,410,- 
837 H.P.; and 2,346,142 H.P. in 1870. Of the total power used 
in 1900, steam engines furnished 8,742,416 H.P.; water wheels, 
1,727,258 H.P.; electric motors, 311,016 H.P.; gasoline engines, 
143,850 H.P.; and other sources, 54,490 H.P. 
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LETTERS UPON PRACTICAL SUBJECTS. 


A HANDY CENTERING TOOL. 
Editor MACHINERY: 

The little tool shown in Fig. 1, which I call a centering 
scale, has been found very handy for locating the centers 
in the ends of a piece of work. It is cut from sheet steel 
about 1-32-inch in thickness, and no great accuracy is re- 
quired in its construction. It may be marked out with a 
scratch awl and then filed down to the lines. The heights 
of the different steps are but one-half of the numbers which 
are stamped upon them, the numbers being simply to indicate 
the diameter of the stock for which each respective step is 
used. The steps, therefore, rise but 1-16-inch and are about 
%-inch wide. 
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Fig. 1. The Center Gage. 


The method of using the gage is shown in Figs. 2 and 3. 
The stock to be centered is put in a vise so that the jaws pro- 
ject about 14-inch above the top of the work. The gage is 
laid upon the work with the long side resting against one of 
the vise jaws. Having selected the step which appears to 
be nearest to the center of the stock, a line is scribed upon 
the stock, using the edge of this step as a guide. The gage 
is then turned around with the long edge resting against 
the other vise jaw, as shown by the dotted lines in the same 
figure, and another line is scribed upon the stock, guided 
by the same step that was used before. We now have two par: 
allel lines scribed upon the stock as shown at A, Fig. 3, and 
if the step which was nearest to the center has been used 
these lines cannot be over 1-16-inch apart. It will some- 
times happen that the step nearest the center will be beyond 
it, instead of below it as it was in the illustration used, 
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Figs. 2 and 8. Uses of the Center Gage. 
so that the scale, when placed in position for drawing the 
second line, will overlap the first line drawn but the result 
will be the same. When these two lines have been drawn 
the work is turned around one-quarter of a revolution and 
two more lines are drawn in the same manner, thus forming 
a square as shown at B. As this square is never over 1-16- 
inch, its center, and consequently the center of the stock, is 
readily located by the eye. C and D, in the same figure show 
the application of the gage to centering square and oval 
stock. B. W. FRANK. 
LARGE VS. SMALL UNITS. 
Hditor MACHINERY: 

In a recent issue of your journal one of your corres- 
pondents was making quite a rational objection about 
measurements of some importance being taken in inches 
instead of feet and yards. I think he is quite right, but I 
should say the same objection can be raised against heavy 
weights taken in pounds instead of tons. Most of the time a 
steam engine, a fly-wheel or a dynamo are estimated in 
so many thousand pounds while the same weights expressed 
in tons of 2,000 pounds would certainly bring a clearer idea of 
the statement to the mind of the reader. 

To say, for instance, that a piece of machinery is weighing 
500,000 pounds is just like expressing the distance from 
New York to Chicago in yards or feet instead of miles. In the 
ease referred to, it would indeed be just as intelligible, if 


not more, to say that the machine weighs two hundred fifty 
tons (250 T) besides being quicker to spell and write. 
An objection of the same kind can be extended to electrical 
measurements. In these days of long distance transmissions 
at high tension, it is quite common to hear about electric 
currents of 30, 40 or 60,000 volts. Why not say 30, 40, 
50 “kilovolts.” The prefix KILO means one thousand, just as 
the word “kilowatt” stands for 1,000 watts; it would be 
only a matter of a very short time to get used to the new 
unit, which in the end has nothing in itself so very strange 
as to prevent its adoption. As for the tons instead of pounds 
it is only a matter of convention. Epw. C. CHOopDZzKO. 
Aaiphong-Tonkin, China. 


A SPECIAL TURRET LATHE TOOL. 
Editor MACHINERY: ; * 

A short time ago we were making the pieces shown in Fig. 
1, which are of brass and go on the ends of water filters. 
These pieces were tapped at A, while at B they were counter- 
bored, as shown, to allow the insertion of a wire screen 
disk and a felt washer. The work was done on a turret lathe 
and the principal problem was to design a tool that would 
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Fig. 1. One of the Pieces to be Machined. 


cut the recess B. Fig. 2 shows the tool that we made for 
this purpose. CO is the body of the tool which was grooved 
to hold the four cutters DD. These were turned and ground 
to the proper diameter for boring the hole to tapping size. 
The check collars were threaded on the back end to take the 
thrust of the cutters. A hole was drilled for the shank of 
the circular cutter F and the back end of this was fitted with 
the handling lever G. The circular cutter was cut away as 
shown so that when the lever was in its normal position, 
lying against the shank, the cutting edge cleared the work. In 
operation the tool was run in to the casting until it reached 
a stop. The lever G was then raised until the cutter ceased 
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Fig. 2. Turret Tool for Boring and Recessing. 


to cut, the handle then dropped to its original position and the 

tool was withdrawn. There now remained only to tap the hole 

and this was accomplished in the usual manner. In making 

this tool it was of course important that the circular cutter 

should be of just the proper diameter to cut the recess to 

the required depth. NIx. 
Hartford, Conn. 


GHROMETRICAL PROGRESSION. 
Editor MACHINERY: 
In designing such machine tools as lathes, milling machines, 
boring mills, etc., it is customary to arrange the speeds and 
feeds in geometrical progression, that is, each successive feed 


February, 1903. 


or speed is increased by the same multiplier at each step, 
as) 12) 4, 8.) 0r 3, 9, 21, etc) The common multiplier is 
ealled the ratio. For any one designing tools in this way the 
accompanying table may be of value, particularly to those 


who are unfamiliar with the use of logarithms. The table 
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explains itself, yet may be made clearer by a few examples. 

Suppose we have a four-stepped cone and wish to make 
the entire ratio about 4 to 1. We find in the fourth column 
of the table a value of 4.10. The ratio between two ad- 
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joining speeds is given as being 1.6. 
this instance should be 6.55. 
Suppose now that we want 16 feeds, the fastest to be 28 
times the slowest. The ratio between two adjoining feeds 
should then be 1.25, or an increase of 25 per cent. 
D. Ac. ENGSTROM. 


The back-gear ratio in 


DISCUSSING THE METRIC SYSTEM. 
Editor MACHINERY: 

The recent discussion before the A. S. M. E. of the pros 
and cons of the metric system brought to light a considerable 
amount of information on the subject. One phase of the 
discussion dealt with the value of the metric system to 
machine tool builders who may desire to extend the export 
trade in their products. It was pointed out that by adopting 
the metric system of measures and applying them in the 
construction of his product, the machine tool builder would 
take one important step toward meeting the requirements 
of his foreign customers and would be benefited accordingly. On 
the other hand it was contended that by far the greater part 
of the machinery sold abroad was of standard construction, 
proving that a change in our system of measures is not called 
for. 

CONVERSION OF SCREW THREADS FROM ENGLISH TO METRIC. 


Lead Screw Four Threads per inch. 


PITCH OF THREAD IN MILLIMETERS. 
Threads foaat aes, COMPOUND GEARS USED. 

20/127 | 40/127 | §0127 

i 96 24 4.000 8.000 16.000 
2 48 24 2.000 4.000 8.000 
3 36 27 1.338 2.666 5.333 
4 48 48 1.000 2.000 4.000 
5 48 60 .800 1.600 3.200 
6 48 72 .666 1.333 2.666 
{i 48 84. O71 1.142 2.284 
8 48 96 .500 1.000 2.000 
9 48 | 108 444 .888 Ibe 
10 24 60 .400 .800 1.600 
12 | 24 72 833 .666 1.333 
14 24 84 285 yal 1.142 
16 24 96 | .250 .500 1.000 
18 24 | 108 222 444 .888 


It is, of course, true that whether a machine was made afte1 
a drawing dimensioned in English measure or metric meas 
ure makes very little difference to the man who is using it. 
Feed screws, and lead screws, however, require a modification 
of the above statement. Since the work of these screws 
bears a fixed relation to the system of measures to which they 
were made, to make them available for a different system of 
measurement we must have a translating device. The process 
is analogous to expressing a thought in different languages. 
It is this process of translating the two systems of meas- 
ures, and the facility of its accomplishment with most classes 
of machine tools that it is desired to illustrate here. 

To begin with, let us look up a metric conversion table. 
One of the prominent figures on any such table is 25.4. 
Twenty-five and four-tenths millimeters equals one inch. To 
cut a metric screw on an ordinary lathe of American make 
obviously requires at least one gear, the number of teeth in 
which is divisible by 25.4. A gear of 127 teeth is the small- 
est that will answer our requirements, and this same gear is, 
as will be seen, the key to the whole situation. 

Now to take a practical example, suppose that we have an 
American lathe whose lead screw has four threads per inch, 
and that we wish to cut a thread whose pitch is one milli- 
meter. We know that with the spindle and the lead screw 
revolving at the same rate four revolutions of the spindle 
will advance the tool carriage one inch or 25.4 millimeters. 

25.4 


One revolution will advance the carriage = 6.35 milli- 


4 
meters. It is clear that in order to secure a carriage travel 
of one millimeter for every revolution of the spindle, the lat- 
ter must revolve 6.35 times as fast as the lead screw. In 
other words, we must use two gears whose ratio is 1: 6.35. 
But dividing 127 by 6.35 gives 20 exactly. So that to cut the 
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required thread we need but mount our 20 gear on the stud, 
the 127 gear on the lead screw and the transformation is ef- 
fected. 

Furthermore, if we use the two gears 20 and 127 as com- 
pounding gears on the studplate, thereby leaving the stud and 
the lead screw free for the use of the ordinary change gears, 
the lathe becomes, for all practical purposes, a lathe with a 
metric lead screw. How this is accomplished is, perhaps, 
more plainly shown by the table on the preceding page. 

The same method applied to lathes with lead screws of 5, 
6, 7, and 8 threads per inch will give us 25-127, 30-127, 35-127, 
and 40-127 respectively as translating gears to be used in the 
same manner to get similar results. 

Now let us turn to the milling machines in general. The 
graduated disks on the ends of the feed screw are familiar to 
us all. They are usually made to read in thousandths of an 
inch. To convert any English feed screw into a metric 
screw, with divisions reading in millimeters or fractions 
thereof it is but necessary to use a disk divided into 127 
equal parts. A little arithmetic will show that one division 
of such a disk when used in connection with a feed screw 
of three threads per inch, will represent a movement of the 
slide equal to .066 (sixty-six thousandths) millimeters; when 
used in connection with a screw of four threads per inch it 
shows a movement of .05 (five hundredths) millimeters; and 
when used with a screw of five threads per inch it indicates .04 
(four hundredths) and so on. 

Why, under the circumstances, the foreign buyer should 
risk the delay and the additional expense connected with 
extras (such as furnishing metric screws is apt to incur) does 
not seem clear. Nor can the present system of meas- 
ures, in the light of the foregoing, be considered as a seri- 
ous handicap to the further development of our export trade 
in machine tools. Joun M. BarRnay. 

Cincinnati, Ohio. 


AN ANCIENT MICROMETER. 
Editor MACHINERY: 

The accompanying sketch shows what I believe to be the 
oldest micrometer in existence. It was made by Henry Frost 
in Portland, Maine, over fifty years ago, and its accuracy com- 
pares favorably with the more modern micrometers. Consid- 
ering the crudeness of the tools with which this micrometer 
was made it is quite a remarkable instrument. 
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Micrometer made over Fifty Years ago. 


It consists of a bar, A, 1% inch square, with a fixed jaw C 
and a movable jaw B. Under the bar is a %-inch screw hav- 
ing sixteen threads per inch. The movable jaw is provided 
with the half nut F which is thrown in and out of mesh with 
the screw by means of the thumb screw @ and securely locked 
in either position by the screw H. The beam being gradu- 
ated in eighths it is only necessary to set the movable jaw 
upon the eighth mark nearest the desired measurement and 
then revolve the wheel L in order to obtain the fine adjust- 
ment. The face of this wheel has two rows of holes, M and 
N, and below will be seen two pins, P, which are so arranged 
that when the thumb screw K is moved to the right one of 
them engages the outer row of holes, and when it is moved to 
the left the other pin engages the inner row of holes. As 
the row M contains 40 holes, a movement from one hole to 
another will cause a movement of the sliding jaw of about 
0015 inch, or a movement of ten holes will move the jaw 
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exactly 1-64-inch, and a full revolution 1-16 inch. The inner 
row contains 21 holes so that the movement between two 
holes advances the jaw 1-336 inch, or a revolution of 7 holes 
would produce a movement of 1-48 inch, 14 holes would pro- 
duce a movement of 1-24 inch, 28 holes 1-12, etc.; 1-38 inch would 
be obtained by revolving the wheel 112 holes. These frac- 
tional divisions are employed but little at present for fine 
measurements, but perhaps they were used more frequently 
in the early 50’s. Ee keeGa 
Portland, Me. 


EQUIVALENTS OF THE METER 


Editor MACHINERY: 

The following is a list of measures of length which are 
used in Germany and its borders. You will notice by this 
what a mix-up there is yet, after the adoption and use of 
the metric system for twenty-five years. 

In all the states, with the meter, you will find the old 
standards still in use. 

This table gives nearly the equivalent number, in inches, 
required to make a meter: 


London ...........0+.s00- ..... 9892 inches = 1 meter. 
Rheimland ss vescus in cetera 38 a oe “ 
LAR Wai Oblates Aer Geran n cao Sono 4115 Key Ge “ 
Wien (Vienia) 80 asc cae S74, 2 
Sachsen (Saxon)....+.....+-.- 42.8 ee « 
Braunschweie. sews. coe ceee a Te Raa es —C “ 
Bayern (Bavaria)............+6 413, (cuaiice “ 
Avis seeds co coor sac 3623 STG “ 
Hannoyerravackie cet cet seen 414 GG Gh Pe 


Newbrandenburg, Germany. PN eda. SB): 


HARDENING AND TEMPERING A DIE—A 
CRITICISM. 


Editor MACHINERY: 

I was very much interested in Mr. F. EK. Shailor’s article 
on forming dies and the use of rubber in connection with 
them, and I must confess that I have been benefited by the 
game as well, as the use of rubber as a forming base was quite 
new to me. It appears to me, however, that some of the 
points advocated by him in making the dies are, to say 
the very least, open for discussion. Mr. Shailor states, that 
the die after immersing in the bath should be held in one 
place, in order to prevent its warping. It has always been 
my experience that a die, especially if it be heavy, does not 
attain that degree of hardness when held in one place that it 
does when constantly moved about. The reason for this is 
obvious, because the water surrounding the die becomes 
heated and does not chill the surface to any great extent. 
If, on the other hand, the position of the die is gently but 
constantly changed, the water in the immediate neighborhood 
is always cold, thus causing a deep chill. As the correspond- 
ent’s main object in view seems to be the prevention of warp- 
ing, I am inclined to believe that his trouble lies not as much 
in the immersing as in the uneven heating of the die. I had 
a number of gang dies given to me some years ago, the di- 
mensions of which were 14-inch X 24 X 9 inches and by heat- 
ing them in a muffler furnace and immersing diagonally 
across the corners I had no difficulty in keeping them straight. 
It is hardly necessary to state that the die should not be 
moved about broadside to the water, but with the point of the 
least resistance. 

Mr. Shailor’s method of drawing the temper of the die also 
seems to me to be a strange one. The method which I have 
found to be the safest is the placing of the die over a Bunsen 
burner on a stiff piece of sheet iron. The idea of drawing 
the temper and the reason for it is the gradual reduction 
of the brittleness through the entire die, starting at the base 
and traveling upward toward the point of application, which 
in a blanking die is the cutting edge, and in a forming die 
the forming surface. If, therefore, the forming die in ques- 
tion is placed on hot coals or near the fire, the heat can attack 
the frail portion of the die and draw the temper out of it 
before even the strain in the die is relieved, which may re- 
sult in cracks running along the sharp edge of the thread in 
the form. 

I cannot join my brother toolmaker in his objection to the 
use of oily waste while drawing the temper and I still cling 
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to the time-honored custom. This may be a matter of train- 
ing or opinion, or both; but I am convinced that the color on 
the die after wiping with oily waste is the true color and the 
color unwiped the false. I have noticed that a piece of steel 
during the drawing process does not show any color for some 
time if untouched and then changes color very rapidly, while 
an occasional touch with an oily substance shows the changes 
of the various degrees very plainly. 

To close my criticism of Mr. Shailor’s methods I would 
like to warn against the overdoing of the practice of trying a 
forming die with sharp corners while soft, as I nearly spoiled 
a die at one time by doing this. FRANK GREINER. 

New York, N. Y. 


A REVERSIBLE FRICTION RATCHET. 
Editor MACHINERY: 

In constructing a large single-acting press, a short time 
ago, we were called upon to furnish a roller feed that would 
be reversible so that stock could be fed either from or toward 
the operator. The ratchet by which this was accomplished 
was not of new design, as it has been used on some presses 
for many years to my knowledge, but I have never seen it 
described. Its simplicity and the ease with which it can be 


reversed recommend it for many places in machine tool con- 
struction where a noiseless reversible ratchet feed is required. 
The ratchet is mounted on one of the feed roll shafts and is 
operated in the usual way from a crank on the main shaft of 
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Reversible Friction Ratchet. 


the press. The connecting rod from this crank is connected 
with the upper end of the ratchet arm A. This arm is fast- 
ened to the ratchet casing B and imparts to it its oscillating 
motion. This motion is transmitted to the roll shaft by a set 
of friction rolls and the hardened steel block 0, to which the 
shaft is keyed. As the casing is oscillated in one direction 
or the other one set of the steel rollers, H, H or F, F', becomes 
bound between the block and the casing and causes them to 
revolve together. As soon as the direction of rotation of the 
casing is reversed the rolls are freed from their contact and 
the casing is moved backward independent of the block. As 
will be seen by the sketches, one set of the rollers only is em- 
ployed when feeding in a given direction. In order to hold 
the other set inoperative a cover plate D is placed over the 
face of the ratchet block and fastened to it by two bolts, G, G. 
At the points where these bolts pass through the plate are 
two grooves which allow the plate to turn around the shaft 
through an angle of about 20 degrees. This plate is fitted 
with six retaining pins H, H, H. When the plate is moved so 
that the bolts are at one side of the slot these pins hold one 
set of rollers out of action as shown, in Fig. 2, where rollers 
E, E are free to move the block and the set F, F are held 
out of action. In this position the ratchet will feed the roll- 
shaft in the direction indicated by the arrow. Wishing to re- 
verse the direction of rotation of the shaft, it is only neces- 
sary to loosen the bolts G, G, and turn the cover plate as far 
as the slots will allow. This causes the retaining pins to 
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throw the set of rolls #, H out of action and to release the 
set Ff, F as illustrated in Fig. 3. The shaft is then rotated 
in the opposite direction. The springs shown back of the 
rolls insure the active set being always in contact with the 
casing so that there is practically no lost motion. 

New York, N. Y. GrorGE HENRY. 


CENTERING WORK ON THE FACEPLATE. 
Editor MACHINERY: 

Most mechanics appreciate the difficulty of turning pieces 
true with a tapped hole by using a threaded arbor. Owing 
to this difficulty we have often to resort to other expedients. 
We had a large number of castings, such as are shown in 
Fig. 1, which were finished all over, and it was necessary that 
the thread be true with the exterior surface and at right 
angles with the face. Not having a jaw chuck in the shop 
that was accurate enough for this purpose, we proceeded to 
machine them in the following manner: The castings were 
first drilled to the tapping size and were accurately turned 
upon a common arbor in the usual way. We then bolted to 
the faceplate the three blocks, A, A, A, which were so located 
that they could be bored out to the diameter of the flange on 
the casting. These were bored slightly tapering so that the 
finished piece could be easily removed. Three clamps were 
fitted to these blocks and one of them was slotted as shown 
at C so that it could be withdrawn under the bolt head and 
the casting removed and replaced without taking out the other 
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Faceplate Centering Pieces. 


two bolts. The holes in the castings were screw-cut as nearly 
to size as possible and then completed with a sizing tap, which 
was supported upon the tailstock center. 

Occasionally the castings had a hub on both sides, as shown 
in Fig. 2, and in this case the locating pieces were made with 
a shoulder as is illustrated in Fig. 4. Francis W. SHAW. 

Birmingham, England. 


THSTS WITH FLAKE GRAPHITE. 
Editor MACHINERY: 

We have read with much interest your editorial in MAacutIn- 
ERY for December on the subject of “Graphite vs. Friction,” 
and we have thought that you might be pleased to receive a 
contribution on this subject, especially as this will cover a 
test made by Professor W. F. M. Goss, of Purdue University. 

The experiment consisted in an attempt to wear down 
brasses by the use of dry graphite alone as a lubricant. The 
experiment was made in connection with a special testing ma- 
chine and the manner of applying the graphite was so ar- 
ranged that the journal was made to revolve in a bath of 
graphite. The journal was fresh from the lathe where it had 
been well turned and slightly polished. The brasses were 
smooth-bored and quite free from imperfection. Judged by 
the standard of a railroad shop, both the journal and brasses 
were “ready to run.” 

With a new journal and brass, it would be expected that if 
run in oil, they would at first heat more or less and that 
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some time would be required to work the brass down to a 
perfect fit on the journal. The outline of the test provided 
that no oil should be used but that an attempt be made to 
wear the brass down by use of dry flake graphite alone. 
Therefore no oil was used at any time during the test. In 
carrying out the experiment, as much pressure was put on the 
brasses as the machine would carry and the journal was run 
as fast as was practicable without too much heating and con- 
tinued as long as the belt would carry the load. The running 
was attended with a great deal of noise, the squeak being 
similar to that which proceeds from a dry axle-box. The re- 
sults showed that the frictional resistance was at all times 
very high; values of 16 per cent. or more being characteristic 
of unlubricated surfaces, as, for example, of a brake-shoe 
upon a car-wheel. As the tests proceeded, the frictional 
action improved; the values in coefficients gradually declin- 
ing. 
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The tests were very interesting and we only regret that 
space will not permit us to furnish your readers with a full 
summary of results. We will only say that when the ma- 
chine was taken apart and the bearing surfaces carefully ex- 
amined, the journal was found to be without a scratch and 
to have a high polish. The upper brass was found to have 
about 35 per cent. of its surface in bearing. A close exami- 
nation of the brass revealed the fact that the surface of con- 
tact had not been secured as a result of wear in the brass as 
is usually the case, but that graphite had implanted itself in 
the surface of the metal and where the surface of the brass 
was more remote from that of the journal and had built up, 
as it were, a graphite-bearing surface. This built-up surface 
possesses a bright, metallic lustre, is well burnished and 
while compacted as by heavy pressure and quite capable of 
easily supporting a heavy load, it would flake off under the 
action of a tool; the flakes retaining the shape of the bearing 
after removal. When the brass was in actual contact witb 
the journal, it was but little worn. 

In another test, when the machine was opened, the bearing 
space amounted to altogether 45 per cent. of the area of the 
brass and was composed almost entirely of an overlaying 
mass of compact graphite, leaving the entire central portion 
ef the brass out of bearing. Within this central portion there 
was more or less graphite but much of it was imperfectly com- 
pacted and it fell away when the brass was removed. Parts 
ef its surface were bright and gave evidence of having at 
some time had contact with the journal, but just previous to 
its removal it did not have contact. 

The conclusion to be drawn from the set of experiments is 
a two-fold one. The first is that the brass cannot be worn 
to a fit on its journal while lubricated by graphite alone. 
Not only does the graphite tend to fill in the brass where it 
does not touch the journal, but it acually builds up a new 
shell within the brass and by so doing relieves the brass itself 
from much of the contact which it would otherwise have. 
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The second fact developed is to the effect that neither 
journal nor brass is easily cut or injured in the presence of 
flake graphite. The tests showed that with no other lubrica- 
tion than dry flake graphite, the journal and brass might 
be run together for hours at a time, keeping up to a high tem- 
perature, and that this might be done repeatedly and yet the 
rubbing surfaces of the bearing remain unscored. 

JosePpH DIxon CRUCIBLE Co. 


Jersey City, N. J. Per Secretary. 


ATTACHMENT FOR RELIEVING FORMED 
CUTTERS. 


Editor MACHINERY: 

In making formed face-cutters, such as are used in the 
screw machine to operate on the end of the bar, it is de 
sirable to so shape the cutting teeth that they can be ground 
without changing their form. 


To accomplish this [ have 
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Lathe arranged for Relieving Facé-Cutters. 


employed the relieving attachment here illustrated, which has 
given very good satisfaction and has the advantages of being 
simple, in construction and easily applied to any style of 
lathe. As it is operated by the change gears of the lathe 
it can easily be geared up to relieve cutters having any 
number of teeth. The lathe to which it is attached should 
be of rigid design and fitted with a compound rest. The 
serew cutting gears should not be finer than 14 diametral 
pitch. The details of this attachment as applied to the lathe 
will be clearly seen by referring to Fig. 1. The bracket A 
is bolted onto the side of the headstock and carries the cam 
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Fig. 2 Two-step Cam for use in Relieving Face-cutters. 


shaft D. The other end of this shaft is carried in the bracket 
B which slides along one of the ways of the lathe and is 
provided with a clamping device by means of which it 
can be fastened at any desired position along the lathe bed. 
The shaft in this bearing is 114 inch in diameter while 
for the remainder of its length, except in the thrust collars, 
it is 1 inch in diameter. This shaft is splined from the 
bearing A to its outer end and is cut about 18 inches longer 
than is necessary when it occupies the position shown in 
the figure, which makes allowance for moving the bearing B. 

The gear H is made of such a diameter as to mesh with 
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the gear on the lead screw and these two gears are always 
employed when using this attachment. The hub of this gear 
gives it more bearing surface on the cam shaft; a key is 
fitted to slide with it along this shaft while the setscrew 
holds it in position when the cam has been set. 

Upon the inner end of the cam shaft is placed the face cam 
C which serves to impart the backward and forward motion 
to the lathe carriage. In making this attachment it is best 
to provide three of these cams having one, two, and three 
steps respectively, as cutters having any number of teeth 
can then be backed off with much simpler combinations of 
change gears than when but one of the cams is provided. 
A detail of one of these cams, one having two steps, is shown 
in Fig. 2. They are made of tool steel, hardened, with a 
7%-inch hole and a key-way to fit the end of the shaft D. 
When no cam cutter is at hand I have found the best way to 
make them is to mill—with a 5-16inch convex cutter—one, 
two or three, as the case may be, radial slots in the face 
or the cam. Then gear up the lathe to the required pitch and 
work the stock off by hand. The cam finger G is securely 
fastened to the lathe carriage and its point is always in 
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Fig. 3. Lathe arranged for relieving Formed Milling Cutters. 


contact with the face of the cam so that as the cam revolves 
it pulls the lathe carriage forward until the finger reaches 
the top of the step K when it is drawn back by the action or 
the weight H which is attached to the carriage by the wire 
J. In pulling the carriage forward the thrust of the cam 
is taken up by the two thrust washers # F which are fitted 
to the cam shaft by a 1 44-inch fine thread. 

The lathe with which this attachment is used is so con- 
structed that all of the gears in the apron can be released, 
leaving the carriage at liberty to oscillate freely; should it 
be placed on a lathe that was not so constructed it would 
be well to remove the screws binding the carriage to the 
apron and thus allow the carriage to move entirely independ- 
ently. The face cutter being relieved is held in a split collet 
in the spindle of the lathe or strapped against the head center 
and held in a steady rest. The forming tool is fed forward 
in the compound rest which is set at right angles with the 
cross-slide. 

For relieving formed milling cutters, worm wheel hobs, 
-ete., I have made use of the arrangement shown in Fig. 3. 
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This is applicable to any good rigid lathe that has a com- 
pound rest and is so constructed that the cross-slide screw 
can be disconnected from the carriage. A lathe having a 
taper attachment is usually admirably adapted for this pur- 
pose, as it is usually arranged so that the cross feed screw is 
disconnected by simply releasing a nut or two. The cast 
iron gear A screws onto the spindle of the lathe and is cut 
the same pitch as the change gears so that these gears may 
be used in gearing the attachment to relieve cutters having 
any number of teeth. The gear that I used for this purpose 
was 10 inches pitch diameter of 14 diametral pitch, having 
140 teeth. It is shown in detail in Fig. 4. Through the 
web of this gear is cut an elongated slot for the insertion 
of the tail of the driving dog, while a sliding clamp is 
used to prevent back lash. One end of the shaft which is 
carried in bearing D, Fig. 3, is made exactly like the end of the 
lead screw of the lathe so that any of the change gears 
can be used for the gear B. On the other end of this shaft is 
the hardened tool steel cam OC which imparts the oscillating 
motion to the carriage. Should the lathe not have a very 
great assortment of change gears it would be well to pro- 
vide several of these cams having one, two, three, and four 
steps, respectively, so that cutters having any number of 
teeth can be relieved. The bearing D carrying the crank shatt 
is dovetailed to a cross slide E which, in turn, is bolted to 
the lathe carriage. This allows the bearing to be moved 
in or out to accommodate the different sizes of change gears 
that may be used for the gear B, while a bolt K, working in 
a slot through #, serves to clamp D firmly when it has been 
placed in position. Fastened to the cross slide carriage is the 
cam finger F which transmits the motion of the cam to the 
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Fig. 4. Gear for Driving Cam in relieving Formed Cutters. 


carriage. The bolts by which this finger is fastened pass 
through a slot so that the finger may be moved in or out to 
obtain adjustment. A wire cord, fastened to the cross slide 
carriage, passes over the pulley H and connects to the weight 
G. This keeps the cam finger in contact with the cam, and 
the tool consequently follows the oscillating motion which it 
imparts. One very desirable feature of this attachment is 
that the feed screw of the lathe can be used in connection 
with it. This makes it applicable to backing off worm 
wheel hobs and relieving taps. The work in most cases is 
held on an arbor between the centers, with a dog acting as 
the driver. In relieving mills and hobs it is best to use an 
arbor having a nut and shoulder to hold the work securely, 
as an arbor that is merely pressed into the work is liable to 
slip and consequently destroy the cutter. Jos. M. STABeEL. 

New Haven, Conn. 

* * * 

M. Quesnel, a HKrench engineer, is alleged to have dis- 
covered alloys for aluminum that impart to this widely 
advertised metal most astonishing qualities. By varying the 
amount of his alloy from one part in 12 to one part in 240 
he obtains aluminum compounds varying in tensile strength 
from 29,000 to 58,000 pounds per square inch. These have 
ditferent characteristics so that some may be chased, soldered, 
brazed, forged, rolled into plates and leaves or drawn into 
wire, depending on the amount of alloy. It can be made soft 
like pure aluminum or stiff and rigid like steel and possessed 
ot nearly the same strength and weighing only about one- 
third as much. So much has been promised for aluminum 
and its alloys that we shall await the advent of this new 
wonder with some distrust until its claims to recognition are 
based on actual demonstration. 
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CONTRIBUTED NOTES AND SHOP KINKS. 


A HANDY TRIANGLE. 

A. T. &. sends us the sketch of a triangle that he made for 
his own use and found to be a very handy tool. It is a 30 
by 60 degree triangle, having internal angles of the same de- 
grees, but opposite to the external ones. With a triangle 
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of this form hexagons, screw heads, the bottom of drilled 
holes, etc. can be easily and quickly drawn, as it is not 
necessary to reverse or turn over the triangle, but merely 
slide it along. Every draftsman doing detail work would find 
this tool a valuable acquisition to his kit. 


A SPECIAL ARBOR. 

Regarding special arbors, D. M. says: When a job requires 
a special arbor, of from 3 to 6 inches in diameter, it is 
quite customary to drive two cast iron collars onto a smaller 
arbor, placing them at the proper distance to accommodate 
the particular job in hand. These collars are then turned 
to fit the pieces with which they are to be used. AS a 
handier scheme than this I have used a wooden arbor very 
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successfully when the turning was not very heavy. This i9¥ 
made of hard wood with very little, if any, taper except for 
about half an inch at the end where it first enters the hole. 
A %-inch lag or coach screw is screwed into each end of 
the block and these are centered in the drill press. The 
block is then turned to size on the centers. This arbor should 
be used very soon after turning, before the wood has time 
to shrink. 


AN ADJUSTABLE FINGER FOR USE ON THE GRINDER. 

Most any one who has run a grinder to any extent has 
noticed the lack of fine adjustment on the stop finger when 
backing off or grinding the lands of reamers and cutters. 
With the ordinary finger the adjustment is made by tapping 
it up or down, an operation which is very uncertain, besides 
consuming considerable time. In order to provide for fine 
adjustment, C. P. Thiel, Lawrence, Mass., has made the 
finger which is shown in the accompanying sketch, and re- 
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ports that he has found it very satisfactory. The shank of 
tnis finger was made of suitable size to fit in the holder 
provided for the old finger and was cut, for part of its 
length, with an 18 pitch thread. Over the threaded end is 
fitted the knurled nut D, which is used to feed the blade 
up and down. Through the center of the shank is drilled a 
2-16-inch hole, while in the threaded end is cut a narrow 
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slot that extends about one-half the length of the shank but 
opens only on one side. A piece of 3-16-inch wire, C, is 
split at one end and fitted with the blade B, which has a 
notch in its lower end for receiving the adjusting nut D. 
It will be clearly seen from the sketch how the parts are 
assembled and operated. Different blades with their stems 
can be made for different classes of work and used with the 
same shank. 


STEEL LEGS FOR THE TOOL BOX. 

As is well known it is very unhandy to have the tool box 
set on the bench, owing to the fact that if anything be 
lying in front of it the bottom drawer cannot be opened 
readily. So it is customary to place the box on blocks that 


- paise it about four inches above the level of the bench. AS 


an improvement upon the use of blocks, R. A. Lachmann, Chi- 
cago, has fitted his tool box with steel legs, as illustrated 
in the sketch. In the first place four pieces of machine steel 
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4%4x%-inch, were drilled and tapped as shown in Fig. 2, and 
one of these was fastened to each lower corner of the 
box. These plates were let in flush with the sides of the 
box and secured with two wood screws. The legs were made 
from 3-16x%-inch steel pieces as shown in Fig. 38 and were 
bolted to the corner plates by two 14-inch tap bolts. 


LOCATING WORK ON THE FACEPLATE. 
Referring to the article, by Corneil Ridderhof, in January 
Macutinery, in which he advocates drilling dowel pin holes 
in the faceplate, Geo. Henry writes: The object of the dowel 
pins is to locate a jig or fixture so that its center will be 
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located in line with the lathe centers. I have found a very 
convenient way of doing this is to turn a boss on the back 
of the jig so that the center of the boss will coincide with 
the center of the jig, and to bore a corresponding recess in 
the faceplate. Any number of jigs may be made to fit this 
recess and when putting a jig in place no time is lost in 
hunting for dowel pin holes. By employing this method 
the appearance of the faceplate is in no way injured. 
* * * 


An English novelty in sketch books for engineers and 
draftsmen, is a blank book with thin semi-transparent leaves: 
for perspective drawings. A number of loose sheets are pro- 
vided, with correctly drawn perspective lines, which are 
slipped under the blank page upon which the drawing is 
to be made, ‘The perspective lines on the loose sheet show 
through in the same manner as the ruled lines often em- 
ployed when writing on unruled paper. It is said that with 
this book true perspectives can be drawn without the use 
of a ruler or the determination of the vanishing points. 
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APPRENTICE SYSTEM OF THE BROWN & 
SHARPE MFG. CO. 


At the works of the Brown & Sharpe Mfg. Co., Providence, 
R. I., a system of apprenticeship is in operation which has 
been found mutually beneficial to the firm and to its ap- 
prentices, for, while it obtains the results of their labor, they 
in turn are allowed the use of valuable machines and tools, 
at the same time receiving proper instruction in the modern 
methods of machine shop practice. The system, while being 
to a certain extent instructive, is not to be classed as a 
school, neither is it considered as such. The purpose is to 
make good machinists of the boys. Since the first apprentice 
was received by the firm 45 years ago over 300 have served an 
apprenticeship, a large percentage of whom are to-day engaged 
in directing or overseeing, either at Brown & Sharpe’s or in 
other manufacturing establishments. The following descrip- 
tion of the system was given by Mr. Mitchell Dawes, at a 
meeting of the New England Association of Teachers of Metal 
Work. 

Applicants for admission to apprenticeship must be from 16 
to 18 years of age, physically sound and have received an 
education equivalent at least to that required for graduation 
from the public grammar schools of the City of Providence. 
Personal interviews are preferred, but this not occurring, 
a photograph is required, with particulars as to health, sight, 
hearing, weight, and a statement as to the studies the boy 
has had and his advancement in each. If the applicant is 
found to possess the necessary qualifications, his name is 
registered and due notice given him when he will be required 
to commence work. The first eight weeks of service consti- 
tute a term of trial, during which both parties have an op- 
portunity to determine whether they are agreed to continue 
the apprenticeship for the full term. The eight weeks above 
mentioned are counted as part of the first year’s service and 
are paid for at the rate for that year. If everything is satis- 
factory at the end of this trial, an agreement is drawn up and 
entered into by Brown & Sharpe, the boy, and a parent or 
guardian, stating that, as the boy desires to become an ap- 
prentice to Brown & Sharpe for the purpose of learning the 
art or trade of machinist, Brown & Sharpe take him in their em- 
ploy, and the boy agrees to become the apprentice of Brown & 
Sharpe in the machinist’s art or trade, and to faithfully con- 
form to their rules and terms of apprenticeship. The parent 
or guardian, in consideration of the covenants on the part of 
Brown & Sharpe, pay them as compensation for receiving the 
boy the sum of fifty dollars. Brown & Sharpe further agree, 
in case the boy shall serve the full term of apprenticeship and 
comply with the provisions of the terms of apprenticeship, 
to pay him at the termination of said term, in consideration 
of such faithful service, the sum of one hundred and fifty 
dollars. The term of service is four years, each year to con- 
sist of two hundred and ninety-five working days of ten hours 
each. The remaining working days in each year are allowed 
for recreation, as the Company may direct. Graduates of the 
Providence Manual Training School, well recommended by the 
principal, may have their term of apprenticeship shortened 
at the discretion of the Company. 

Apprentices are required to perform their duties with punc- 
tuality, diligence and fidelity, and to conform to the rules and 
regulations which are or may be adopted for the government 
of the shops. 

They are not allowed to use tobacco in the shop during 
working hours, and boys who smoke cigarettes are not ac- 
cepted. 

They make up lost time at the expiration of each year, at the 
rate of wages paid during said year; and no year of service 
commences until the apprentice has fully made up all time 
lost in the preceding year. 

The Company reserves the right, whenever the state of busi- 
ness demands it, to shorten the hours of labor, or whenever 
for any reason it should stop the works, to suspend apprentices 
wholly or in part; and the making up of time so lost is at the 
discretion of the Company. The Company also reserves the 
right, in its sole discretion, to terminate its agreement with 
any apprentice; also to discharge him from its employment 
for non-conformity with its rules and regulations, want of 
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industry or capacity, indifference to his duties or improper 
conduct within or without the shops. 

Apprentices are paid for each hour of actual service, not 
including time allowed for recreation or time when work is 
suspended, the following wages: For the first year, 6 cents; 
for the second year, 8 cents; for the third year, 10 cents; and 
for the fourth year, 14 cents. If the company terminates the 
apprenticeship during the time of trial, it pays at the rate of 
six cents per hour for the time worked. Wages are paid on 
the regular pay days of the Company, as they may be estab- 
lished from time to time. The Company engages to faithfully 
instruct the apprentice in the machinist’s art and trade, in 
their shops, during the term of apprenticeship. 

When a boy begins work he is loaned a set of tools, consist- 
ing of a hammer, wrench, rules, calipers, dividers, etc., and 
a one-inch micrometer caliper. If he is accepted at the end 
of his trial term, these tools are sold to him and his name is 
marked on each. He is put under the personal supervision 
of a sub-foreman, who starts him on some of the simpler 
forms of work, such as centering and straightening, etc., and 
shortly after, he is given lathe work, roughing out mostly, 
always under the supervision of this foreman, and working 
from drawings almost from the start. As he learns he is ad- 
vanced, according to his capability. During his apprentice- 
ship, if the boy continues capable, he will probably have work 
on lathes, drill presses, milling machines, screw cutting, double 
tool lathes, scraping, planing, spindle work, erecting, assem- 
bling and general shop work, with work in the grinding and 
gear cutting departments, as the English method of making 
specialists is not followed at these works. 

It should also be mentioned that a handbook for apprentice 
machinists is given them during their first year. This book 
is published by the Company, and was gotten up for this pur- 
pose. ‘The rules, kinks and advice contained therein have be- 
come of much use to the boys. Should a boy come from a 
distance and have to board, a good place is selected for him, 
if requested, and he can go there at once on his arrival. This 
class of non-residents are closely looked after during their 
apprenticeship, particularly as to their habits, punctuality, and 
health; and they are put in the way of receiving proper medi- 
cal attendance if ill at any time. 

There are now 118 boys learning the machinist’s trade at the 
works, and they are taking about forty boys a year. A large 
percentage of these are retained, the remainder being rejected 
or leaving of their own accord. Of those who complete their 
apprenticeship, a few are remarkably well qualified, over three 
quarters are good machinists, the rest are only passable. 

Apprentices are allowed to have piece work or job work 
from time to time, thus earning extra compensation, and 
bringing into play oftentimes dormant faculties which, when 
once aroused, are ever after successfully made use of to their 
advantage. The boys of New England are naturally in the 
majority, though there are some from the Middle and Southern 
States. 

An excellent library is maintained at the Company’s ex- 
pense, free for the use of all. It contains works on mechanics, 
history, travel, as well as a good class of autobiographies and 
works of fiction. It is well patronized. The boys are encour- 
aged to attend the R. I. School of Design and the evening 
public schools, paying particular attention to drafting and 
mathematics. An incidental feature of a boy’s apprenticeship 
at these works is an organization of the boys themselves, called 
the B. & 8. Apprentice Association. This club furnishes a 
valuable means of cultivating a good spirit among them, as be- 
ing at the works for a common purpose. They meet once a 
fortnight. The meetings last one hour, and this hour is 
allowed them. They discuss mechanical subjects, engage in 
debates, or are addressed by competent speakers selected for 
them by the Company. One feature in connection with this 
Association worthy of notice is their “question box.” Mem- 
bers are allowed to deposit therein any written question per- 
taining to the trade they are learning. These questions are 
given to a Question Committee, which is appointed semi-annu- 
ally; the subjects are investigated, and answers announced 
at the following meeting, and then turned over to the librarian, 
who keeps a record of both questions and answers for future 
reference. 


From year to year, as the boys express an interest in what 
is going on in other shops, the fourth-year apprentices have 
been allowed to visit other establishments. Last year they 
visited the Prentice Bros. and F. E. Reed shops, and the 
Knowles Loom Works at Worcester, Mass., and reports of what 
they saw were given to the “stay-at-home” members of the 
Association. 

The firm employs one man whose duty it is to look after 
the apprentices both in and out of the shops, see that they 
have fair treatment, proper instruction as to use of tools, set- 
tle any grievances, and also to see that on the boy’s part he 
does not idle away his time, but puts forward his best efforts 
toward obtaining that which he came to learn. He encourages 
them to bravely bear disappointments occasioned by spoiled 
work, be manly, upright, neat, and specially careful, and he 
endeavors to impress on a boy’s mind that he should get 
from a tool or a machine all that it is capable of standing, 
especially when roughing out work. They are taught that in- 
tensity of application, and concentration of purpose combined 
with natural qualifications, the environments notwithstand- 


ing, will surely help a young man to become a master of his: 


chosen vocation. 

In conclusion, Mr. Dawes says: The most noticeable fail- 
ing about the young technical scholar who has been taught 
the use of tools and enters as an apprentice to the ma- 
chinist’s trade, is that he has no idea as to the commercial 
value of time, and it consequently takes a long time to teach 
him how to do his work in an economical manner. This is 
difficult, as he is imbued with the idea that he knows well 
how to work and use tools. Therefore, I would say that, in 
addition to what you now undertake, you also teach the boy 
how to work rapidly; and do not allow him to finish highly 
or spend time in polishing any part of the machine that is 
being constructed unless it is required by the designer or 
necessary for the smooth running of the machine in ques- 
tion. The majority of manufacturers do not buy a machine 
on account of its finish. Its utility is first considered, next 
the cost, and lastly the finish. The unnecessary finish that is 
often bestowed on a machine so frequently increases its cost 
that the probable purchaser is frequently led to select as 
good a working but plainer machine of another make. , 


% * * 


DOUBTFUL SOURCES OF POWER. 


In a paper read before the Institution of Electrical Engi- 
neers by James Swinburne, December 4, 1902, various sources 
of power were discussed and their limitations pointed out. 
It has often been advanced that tidal power could be advant- 
ageously employed in many places where the rise is of ab- 
normal height, but the author pointed out that calculated 
results were often fallacious. Take for a sample case, a 
tidal rise of 49.2 feet where an area of 10,764 square feet 
could be flooded. Into this space 529,710 cubic feet would 
flow twice daily, and, of course, the same amount outward, 
twice daily. On this basis the tidal enthusiasts figure a total 
equivalent fall of 196.8 feet for 529,710 cubic feet of water 
which would give 100 K.W. or 134 H.P. per day. But this 
is untrue because the average head is only 24.6 feet and 
this only holds at the periods of extreme high and low tides 
when the whole volume would have to be discharged in a few 
minutes. Such a system is unpractical. A system of tanks 
is described by which the power generated would be practi- 
cally uniform, but it would provide only 10 K.W. or ocd HPs 
and this at the periods of maximum tides. The power would 
be greatly decreased at neap tides. 

As to “getting electricity direct from coal,” the author 
is equally as discouraging. He says that it is the dream 
of the electro-chemist to devise an electrolytic cell in whici 
the consumed electrode is carbon. But this he believes im- 
possible. At ordinary temperatures carbon is practically 
inert. It forms no ions and therefore can give no electro- 
motive force. At high temperatures oxygen, sulphur, sili- 
con, and to some extent nitrogen, and many of the metals 
combine with carbon, but there is no dissociable salt of carbon 
formed. The carbon cell thus seems impossible. 
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ITEMS OF MECHANICAL INTEREST. 


Thumb Screw Wrench — Reversible-jaw Chuck — Hardened 
Spindle with Sott Thread —Anti-friction Bearing — 
Key Duplicating Machine. 
WRENCH FOR THUMB SCREWS. 

The accompanying illustration shows a convenient form 
of wrench for tightening thumb-screws or for adjusting them 
when they are too hot to be handled. It consists of a strip of 
sheet steel cut and bent to the form shown, with the doubled 
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Fig. 1. 


Thumb Screw Wrench. 


parts riveted together and one portion cut away for the re- 
ception of the thumb-screw itself. It is easily made and will 
form a handy tool for the purpose for which it is in- 
tended—G. L. F., Zeitschrift fiir Werkezengmaschinen und 
Werkzeng. 


ENGLISH REVERSIBLE-JAW CHUCK. 

The idea shown in the cut of an English reversible-jaw 
chuck, is to mount each jaw on a little “turntable” so that it 
may be swiveled to any desired angle and then clamped by 
the bolts on each side, the bolt heads being engaged in cir- 
cular T-slots which allow free circular movement. The ease 
with which the jaws may be reversed will appeal to almost 
every mechanic who might otherwise be inclined to unfavor- 


ably criticise the design. But while the reversible jaw 
O S 
Oo 
© © i) 


aes 
\ Industrial Press, N.Y. 


Fig. 2. Reversible-jaw Chuck. 


feature is all-right, it is not quite apparent what the advant- 
age is in being able to clamp the jaws in any other but their 
normal positions unless it might be in holding some odd- | 
shaped pieces that are rarely met with in lathe work. rine 
makers of the chuck, H. W. Cowley & Co., Bolton, Hng., make 
a strong claim for this feature, saying that it is one not 
possessed by any other chuck. 


HARDENED LATHE SPINDLE WITH SOFT THREAD. 

On the occasion of a call at the shops of the Waltham 
Watch Tool Co., Springfield, Mass., a few weeks ago, Mr. 
Van Norman called our attention to the manner in which they 
make bench lathe spindles hardened all over and still obtain 
a soft thread for the chuck. It is scarcely necessary to 
explain that it is highly important to have the spindle nose 
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of a precision lathe (or any lathe for that matter) truly 
threaded, or that, in the ordinary course of events, if the 
thread is cut before the spindle is hardened, it will not 
run truly with the axis afterward. So about the only course 
of procedure left open in making a hardened tool steel 
spindle with nose thread integral, is to harden it leaving the 
nose portion soft, and then to cut the thread, since itis 
scarcely feasible to grind the thread after hardening, al- 
though we believe this is sometimes done. 
HARDENED AND GROUND. 


SOFT RING— & 
HARDENED AND GROUND—s 
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Fig. 3. Hardened Spindle with Soft Thread. 


The manner in which the Van Norman bench lathe spindle 
is made so as to accomplish the end of getting a soft 
portion for threading after hardening, is shown in the cut. 
The spindle, which is made with taper bearings, the taper 
of the tail bearing being opposite to that of the head bearing, 
is made with a collar C at the end. A portion of the spindle 
back of this collar, is turned straight, for a short distance, 
for a seat. After the spindle has been hardened and ground, 
a soft steel collar B is heated and slipped over the tail end, 
and shrunk onto the seat next to the shoulder. The ring is 
then threaded for the chuck, and forms a sort of external 
nut, so to speak. The chuck faceplate is made with a face 
inside the bore, to bear against the ground face of the spin- 
dle, C. 


GERMAN INSERTED CUTTER LATHE AND PLANER TOOL. 

“Of the making of books there .is no end,’ might with 
equal appropriateness be applied to inserted cutter lathe and 
planer tools. A German device in this line, which is said 
to be new, is made by C. Scharenberg, Berlin, Germany, and 
is shown in two styles in the cut. The locking pin A, is made 
with a squared head at each end and an eccentric groove 
in the middle. This pin is, of course, located in the holder 
so that when turned to a certain position the eccentric 
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Fig. 4. German Lathe and Planer Tool with Inserted Cutters. 


groove allows the cutter to be freely inserted. Then turning’ 


the pin locks the cutter firmly in place, the movement being 
in the direction of the pressure on the tool which thus has 
a tendency to increase the “bite” the heavier the cut. The 
locking pins for some styles of holders, are also made with 
only one squared head, the other head being made flush with 
the side of the holder for work having shoulders. 


NOVEL ELECTRIC “STAB” SWITCH. 

One of the difficulties of handling electric currents of several 
thousand volts tension is the arcing at the switches. In fact 
it is impossible to break a high tension current with an 
ordinary knife blade switch without an electrical display of 
an appalling and dangerous nature. To overcome the arcing 
of high tension currents, oil switches have been developed in 
which the electrodes are submerged in oil which extinguishes 
the arc when the switch is opened. A recent improvement in 
switches for moderately high voltages, is known as the “stab” 


MACHINERY. 


329: 


switch. It consists of a thick fiber tube suitably secured to: 
the marble switchboard in a horizontal position, the greater 
portion of the tube projecting from the back side of the board. 
The terminals are at opposite ends of the tube, being desig- 
nated in the cut as P and D’. The switch is made in the form 
of a dagger, the tube forming its sheath. When the dagger 
is in the sheath the current is “on,’’ and when it is withdrawn 
the current is broken. To smother and extinguish the are 
between the terminals a marble ball B is provided which falls: 
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Fig. 5. New Electric “Stab”? Switch. 


down from the pocket C. When the dagger is pushed back 
into place to close the circuit the ball is pushed up into its: 
pocket. This switch is said to work satisfactorily up to 6,000 
volts. 


NEW SYSTEM OF AUTOMATICALLY OILING PILLOW 
BLOCKS. 


This oiler consists of a wooden friction roller mounted upon 
a removable lever which, together with the roller, can be 
readily removed without the aid of tools, even while the 
journal is in motion. The contact of the roller with the bot- 
tom of the journal is insured by the counterweight at the 
other end of the lever, the whole being carried on a knife edge 
set close to the roller and resting on the bottom of the box. 
The device is placed in a cavity cast in the side of the box, 
and which is closed by a cap at the top. 

The operation is at once apparent. The roller runs in the oil 
placed in the bottom of the box to the depth of from 1 inch to: 
114 inches, and being turned by its contact with the journal 
carries the oil up with it to accomplish the lubrication. The 
advantages claimed for this new application of an old prin- 
ciple are that oil is delivered in ample abundance to the 
journal, that the lubrication is constant regardless of the- 
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Fig. 6. Automatic Pillow Block Oiling Device: 
level of the oil and that the roller does_not agitate the oil 


so as to cause it to become oxidized, but runs in it smoothly 
and quietly.—G. Z. F., L’Echo des Mines et de la Metallurgie. 


A NEW ANTI-FRICTION BEARING. 

It is a well-known principle in mechanics that the friction 
of a shaft journal is in direct proportion to its diameter, 
the smaller the diameter the less the frictional resistance to 
rotation. But there is a practical limit below which it is not 
possible to reduce the diameter of a shaft for any given load 
for the simple reason that it would lack strength and rigidity 
to support the load. For this reason a pivot is often used as an 
anti-friction journal in light machinery, especially in time- 
pieces. But the use of the pivot for heavy work, is barred by 
lack of both strength and bearing surface. To lengthen a 
cylindrical journal in order to give a small shaft sufficient 
area to support a given load, would make a long, slim piece pos- 
sessing little rigidity and one that, as ordinarily supported 
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following the usual plan cf construction, would be entirely 
unpractical. But it appears that there is the possibility of 
using extremely long, slim journals for rotating parts if the 
‘internal member or shaft is held stationary and under con- 
‘siderable tension. 

The American Manufacturer, of recent date, contains a 
translation of an article appearing in La Machine, which de- 
scribes the invention of a German, H. Ganswindt, for substitut- 
‘ing a plain bearing for ball and roller bearings where it is 
desirable to reduce the frictional resistance to a minimum. 
‘The idea is to use a crucible steel wire stretched between sup- 
ports for the wheel or other rotating member to turn upon, 
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Fig. '7. Anti-friction Bearing of German Design. 


‘tthe wire, of course, passing through the exact center of the 
hub the same as if it were an ordinary journal. Such a jour- 
nal derives its strength from the fact that to fail it must be 
cut by shearing action, its tension preventing bending or 
twisting action. Crucible steel, especially hard-drawn piano 
wire, is very tough and meets shearing stress with great re- 
sistance. Ample bearing surface is provided by the length 
which may be whatever required. The accompanying illustra- 
tion shows the typical construction for a pulley. The steel 
wire A is stretched between the rigid supports DD’. The 
long hub of the pulley is surrounded at the ends by cupped 
pieces OC’ which are for the purpose of retaining the pulley 
in place should the wire break. Whether this precaution is 
made necessary by frequent breakages of the wire, we are not 
informed, but, of course, it is a reasonable safeguard. 


Fig. 8. Key Duplicating Machine. 


Tests have shown that a wire .016 inch in diameter is of 
ample diameter to support a pulley weighing 200 pounds, 
the length of the bearing being, of course, proportioned to 
this weight. Thus mounted, a 200-pound pulley was given an 
initial velocity of 120 turns per minute, and it continued to 
run longer than when supported on the best ball bearings. 
It should be understood that no lubrication whatever was 
used with the stretched wire bearing in this case while the 
ball bearings were lubricated. Where the nature of the ma- 
chine is such that motion from a rotating shaft need not be 
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transmitted beyond the journals, it would appear that in some 
special cases this form of bearing might be superior to ball 
bearings, especially where vibration is considerable. 


A KEY DUPLICATING MACHINE. 

One of the tasks most frequently encountered by the lock: 
smith is the duplication of flat or corrugated keys of the Yale 
and Corbin types. This has heretofore been a case of “cut and 
try,’ employing as tools the vise and file. As this is a compar- 
atively slow and arduous task an ingenious locksmith has 
devised a machine by which keys may be duplicated by the 
use of the emery grinding wheel. One of these machines is 
shown in the accompanying cut. This is arranged to be 
driven by a one inch leather belt but, for small shops, where 
power is lacking, a hand driving attachment is supplied. As 
will be seen in Fig. 9, there are two small clamps mounted on 
a swinging arm which, by means of a hand lever, may be 
moved from right to left parallel with the spindle of the ma- 
chine. The key that is to be duplicated is placed in the right 
hand clamp. Bearing against this key is a hardened steel dish 
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Fig. 9. Detail Plan of Key Duplicating Machine. 


having a V-shaped edge and adjustable so that the edge bear- 
ing against the key will be in line with the V-shaped edge of 
the wheel. A stiff spring keeps the key always in contact with 
the guiding disk. The effect of this arrangement is that as the 
key is passed back and forth by means of the hand lever, the 
guide disk, sinking into the depressions of the key, allows 
the wheel to grind corresponding depressions in the blank 
and thus the edge of the blank is cut to an exact duplication 
of the original key. In this way a key may be duplicated in 
about one minute. The machine is manufactured by the 
Builders’ Iron Foundry, Providence, R. I. 
* * * 


“The perpetual motion crank,” said a patent office chief of 
division, “is with us always, knocking at every door of every 
department. His mechanism is not only to run itself, but 
is to supply -the power for machinery of all kinds, sewing 
machines, clocks and everything else. When we suspect 
that an applicant has the perpetual motion bee in his bon- 
net, we ask for a working model. ,That is the last we hear 
of it. A few months ago I received a long letter from a young 
man in New York, saying that he was sure he had discov- 
ered perpetual motion. I treated the matter seriously and 
wrote him not to go to the expense of employing attor- 
neys or making an application, but to get up a working model, 
and after it had run several months to let me know, and I 
would advise him further. Six months later I received a 
postal on which he had written simply the words: ‘Machine 
wouldn’t work’ ’—Washington (D. C.) Star. 


February, 1903. 


HOW AND WHY. 


A DEPARTMENT INTENDED TO CONTAIN CORRECT AN- 
SWERS TO PRACTICAL QUESTIONS OF 
GENERAL INTEREST. 


Give all details and name and address. The latter are for our 
own convenience and will not be published 


6. T. D. S—Will a pump with two 4-inch pistons and a 
314-inch suction raise water 22 feet through a 6inch suction 
line as well as through a 3% inch line? ‘There is a foot 
valve on both lines and the 6-inch line is connected to the 
pump by about 18 inches of 3% inch pipe. If not, please ex- 
plain. 

A.—tTheoretically the larger pipe would be the better ar- 
rangement, but owing. to the difficulties of priming and those 
caused by entrained air and leakage around the joints it is 
very doubtful if the 6inch suction could be used as success- 


fully as the 344-inch. 


7. T. M—If a man running a planer or shaper takes a 
cut %4-inch deep with two teeth feed and then a cut 14-inch 
deep with one tooth feed, which takes the most power, or 
will the power required be the same? 


A.—There would, in theory, be no difference in the power 
required, since the amount of metal removed would be the 
same in either case. Some difference, however, might occur 
owing to the tool being shaped so as to break up the chips 
more readily for one cut than the other, and this might cause 
a slight difference in the amount of power required, but this 
is as likely to occur in one case as in the other. : 


8. L. G@. G—Can you tell me whether the American inch 
is the same as the English inch; or whether there is a dif- 
ference in the measurement, and in what it consists? 

A—tThe two are the same. The legal standard in England 
is a bar of bronze, 38 inches long by 1 inch square cross 
section, into which two gold plugs are imbedded, about 36 
inches, center to center. The exact distance of 36 inches is 
measured between lines scribed on these plugs. Forty copies 
of the bar were made, which were intended to be of standard 
length at a temperature of 62 degrees Fahr. One of these 
known as Bronze No. 11, was presented to the United States 
Government in 1856. Through a minute error in scribing the 
lines, Bar No. 11 is standard length at a temperature of 61.79 
degrees instead of 62 degrees. While the meter is the legal- 
ized standard in this country, the yard, taken from Bronze 
No. 11, is the commonly accepted standard. 


9. J. R—In a loom a shuttle has to be thrown from side to 
side, a distance of about 6 feet, 200 times a minute. Some 
of these shuttles are lighter than the others, and these have 
to be thrown at higher speed to get across in time. Does the 
higher speed require more power? 2. I can throw a piece 
of wood weighing 5 pounds further than a piece of iron weigh- 
ing 20 pounds, but a 4-ounce piece of iron can be thrown 
further than a one-ounce bag of feathers. Are these seeming 
contradictions caused solely by the air resistance, or does some 
other factor have to be considered? 3. We wish to throw a 
pound weight so that on delivery it will have attained a 
velocity of one mile per minute and will have acquired that 
speed in a distance of one foot. How much energy will be 
required, and what is the rate of acceleration? 

A.—1. Not necessarily, since the friction and other resist- 
ance encountered by both the light and heavy shuttles might 
be thé same, in which case the same energy would be re- 
quired for both. But in order that the same energy be im- 
parted to the lighter shuttle, it is necessary to deliver it at 
a higher velocity. Energy of a moving body increases as the 
Square of the velocity. Thus a piece weighing one pound 
must be given two times the velocity of one weighing 4 
pounds in order to have the same energy. 2. In the case ot 
the piece of wood weighing 5 pounds and the iron weighing 
20 pounds, the difference in distance thrown is, of course, 
caused by the difference in weight, but in the case of the 
4-ounce piece of iron and one-ounce bag of feathers the dif- 
ference is caused by the air resistance, being proportionately 
greater for the feathers than the iron. In a vacuum a coin 
and a feather fall at the same rate. 3. A pound weight pro- 
jected with a velocity of one mile per minute, has a speed 
of 88 feet per second. A force of one pound acting on a 
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pound weight a distance of one foot in a horizontal direction, 
will impart to it a velocity of practically 8 feet per second, 
the velocity being the same as though the weight fell freely 
through a distance of one foot. From the formula for falling 
bodies, v = V2gs = Vv 2x32.2x1 — 8.02 feet, in this case. 
Now, since with an acceleration the same as that of gravity, 
a velocity of 8 feet per second is imparted in a distance of 
one foot, to give the same body a velocity of 88 feet per 
second in the same distance, or one foot, the force must be 
117 = 121 times as great. Hence the rate of acceleration is 
32.2 x 121 = 3,896 feet per second and the energy required 
would be 121 foot pounds. It should be understood that the 
121 foot pounds of energy refers only to the actual weight 
thrown and no account is taken of the weight of the impelling 
apparatus. 


10. A. H.—Bearing on the subject of large gas engines, treated 
in your last number, I have seen it stated that it would be pos- 
sible to produce power at less cost for fuel with a gas engine 
using blast furnace gas than with the best steam engine, using 
coal under a boiler for generating steam. In this case the pig 
iron would be considered a by-product. If such a thing is 
possible, why should not blast furnaces be erected near our 
great cities, primarily for power purposes? 

A.—We have heard this same plan suggested, and it certainly 
is a novel proposition. But we think it would not be correct to 
consider pig iron wholly as a by-product. It must be remem- 
bered that even if the smelting of the oré could be done for 
nothing, so to speak, the ore would still have to be paid for and 
there would also’be the interest on the investment in the ap- 
paratus, the cost of attendance, ete., which would be much 
greater with a blast furnace and gas engine installation than 
with a steam plant of corresponding power. We think, more- 
over, that the figures by which it is calculated that the actual 
cost of producing the power is less with the blast furnace gas 
engine, have been somewhat overdrawn. From the best data 
available, it may be assumed roughly that 900 horse power can 
be realized per ton of iron produced, and that one pound of fuel 
is required to produce one pound of pig iron. ‘there would thus 
be 900 horse power generated with an expenditure of 2,240 
pounds of fuel, or about one horse power per 2.5 pounds of 
fuel. While this figure is very favorable to the gas engine, it 
is easily exceeded by large steam engines. Unquestionably the 
utilization of the waste gases from blast furnaces will reduce 
the cost of making pig iron very materially, but we do not 
think the production of power by this means will ever be of 
enough importance to warrant calling the pig iron a _ by- 
product. 


11. Baer & Rempel.—Kindly submit the following to your 
readers: The sketch shows two cylindrical bodies, A and B, 
the latter having a circumferential rim H, which engages a 
circular race D of piece A. Diameter of race D=1 1-32-inch, 
width G@ of same = 1-16 inch. Diaméter H and width F' of 
the rim are 5-1000inch smaller. Piece B is kept stationary, 
while piece A is fixed on a shaft and revolves at a very 
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high speed. Both of the pieces are hardened and the diffi- 
culty lies in grinding race D after hardening so that rim 
FE will run smoothly in it with no larger space between 
them than 5-1000inch. In order that piece B may enter into 
race D, rim C is cut partly away, which is not shown in the 
sketch. Perhaps some of the readers of MACHINERY may be 
able to suggest a method of doing the job in a satisfactory 
manner 
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NEW TOOLS OF THE MONTH. 


A RECORD OF NEW TOOLS AND APPLIANCES FOR MACHINE SHOP USE. 


THE 2x 26-INCH NEW MODEL TURRET LATHE. 

The Pratt & Whitney Co., Hartford, Conn., have just 
brought out a 2x 26-inch turret lathe which is in the same 
general line of construction as their % x 4%4-inch and 1 x 10- 
inch lathes described in the December issue of MACHINERY, 
but with such additions as are necessary to make it suitable 
for the heavy work for which it is designed. The headstock, 
bed and pan are in .one piece, as on the smaller machines, 


terior of the nose piece. When the plunger G@ is withdrawn, 
the spring B forces back the closer, 0, and allows the collet 
to open. The liner H, pressed into the nose-piece, fits the 


closer accurately and keeps the collet in alignment with the 
bearings. 

For use with the rod feed an auxiliary stop is provided 
and this, when not in use, may be swung up out of the way 
as shown in Fig. 1. 


The rod feed mechanism is of the roller 


Fig. 1. 


and the spindle is provided with three-step cone and double- 
friction back gears so that, with the threespeed counter- 
shaft, eighteen spindle speeds are available. 

The collet, which is used on all sizes of these machines, is 
so constructed that it closes without advancing or withdraw- 
ing the stock. This is a particularly useful feature when the 


machine is ‘mployed for ‘“second-operation” work. The 
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Fig. 2. Collet and Collet Closing Mechanism. 
construction will be clearly seen by reference to Fig. 2. A is 


the collet proper; B, a spring; C, the closer; D, a cap screwed 
on the end of the spindle H; G is the plunger and H a tool 
steel liner. The line of contact between the collet and the 
nose-piece is tangent to a circle struck from the center of 
the spring-hole in the collet, and this contact is made posi- 
tive by the spring B, thereby excluding dirt from the in- 


The 2 x 26-inch New Model Turret Lathe. 


type. It is adjustable for a wide range of sizes and is adapted 
to handle rods of most irregular section as well as rounds. 
It consists of two circular shells, one of which is mounted 
on the spindle and contains three grooved driver rollers 
with their axes at right angles to the spindle axis. These 
rollers are clamped upon the rod when the collet is opened 
and rotate the rod with the spindle, though not of themselves 


Fig. 3. Double Cross Slide and Turret. 


advancing it. The other shell is fixed to a bracket extension 
on the headstock and does not rotate. It contains three 
feeder rollers whose axes make an angle of about 20 degrees 
with the axis of the spindle and are adjustable radially, as 
are those in the revolving shell. Springs keep both sets of 
rollers in contact with the rod when the collet is opened and 
allow for slight variations in the size of the stock. The rod 
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being in contact with both driver and feeder rollers when 
the collet is opened, is given a forward motion until it 
comes in contact with the stop. When the collet is closed 
the feeder rollers are withdrawn from the stock. 

The turret and turret slide are of the same general con- 
struction as has already been described for the smaller ma- 
chines, but with the addition of a power feed. This feed is 
put into operation by pushing in the knob shown at R in 
Fig. 3; a movement of the short lever S throws it out of 
operation. The power feed is driven directly from the 
spindle by means of a Renold silent chain and has four 
changes of speed which are operated by a single lever lo- 
cated on the front ot the machine below the headstock. 

The double cross slide has gear-driven power feed with 
four speeds in either direction, automatic knock-off and hand 
feed operated through handwheel and screw. The power 
feed of the cross slide is thrown into operation by pushing a 
small knob on the front of the slide. It may be thrown out 
by hand at*’any point in the travel, while adjustable stops 
are provided for both hand and power feed. Each cross slide 
tool rests on two supporting steps which are in turn carried 
by screws, the knurled heads of which appear behind the 
square head setscrews. Raising or lowering one or both of 
these steps after the setscrews are slackened changes the 
height or angle—or both height and angle—of the cutting 
tool, after which it is clamped by the setscrew in the re- 
quired position. The oil pump, which is located on the back 
of the headstock, is provided with a separate belt drive, ren- 
dering the oil supply entirely independent of the running of 


Fig.4. Squaring and Recessing Tool. 


the spindle. The oil tank is located in the cabinet leg. The 
countershaft has three speeds, which are operated by a single 
shifting lever. It also has tight and loose pulleys for driving 
the oil pump. ; 

The turret tools comprise the single and multiple roughing 
and finishing tools, similar in construction to those described 
for the smaller machines; pointing tool with cutter and back 
rest; the style D self-opening die-heads, with roughing and 
finishing adjustment; and single turning tool with tangent 
cutter having squaring and recessing attachment, cutter and 
back rest. The latter tool is illustrated in Fig. 4. The tan- 
gent cutter is mounted in a swinging holder, the top of which 
is made a segmental worm gear. This meshes with a worm 
that is operated by a crank on the back of the tool, which en- 
ables the cutter to be fed across a square shoulder, for finish- 
ing. When it is desired to use it as a recessing tool, in place 
of a forming tool, the cutter is drawn back until it clears the 
work. The turret is fed forward to the point at which the 
recessing is to begin and with the slide feed out of action the 
tool is fed in to the required depth of the recess. The slide 
feed is then thrown in until the desired length of recess is 
covered, when the tool is withdrawn. The use of this tool in 
many cases renders possible operations that would otherwise 
have to be done on a lathe as a second operation. All of 
the turret tools, with the exception of the die-heads, are dove- 
tailed and gibbed to the several faces of the hexagonal tur- 
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ret. The hole through the back is of sufficient size to allow 
stock up to the full size of the largest collet to pass com- 
pletely through the turret. 


TOOL ROOM BORING MACHINE. 

The photograph illustrates the new “Franklin” tool room 
boring machine, built by the Franklin Machine Works, Inc., 
Philadelphia, Pa. As its name implies, it was designed es- 
pecially for all-around service in the tool room, but it is con- 
structed rigidly and heavily enough for use in the shop for 
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Tool Room Boring Machine. 


accurate boring, facing and milling. The spindle, which is 
of crucible steel, is two inches in diameter and has a wide 
range of feeds for boring and drilling. A feed is also pro- 
vided for the table so that the machine can be used for mill- 
ing. The lifting screw is provided with dial for micrometer 
adjustment of spindle head so that the milling cutters can be 
accurately set to any required depth. The circular table is 
designed to be readily placed on or removed from table, 
and is accurately graduated and aligned for work of great 
precision. The driving cone has three steps and is back- 
geared, thus giving changes of speed. The gears are steel 
castings and are of ample strength for any work within 
the capacity of the machine. 


PORTABLE JOINT FACING MACHINE. 

The portable machine shown herewith is one that should 
be found useful in railroad shops and in jobbing establish- 
ments doing repairs to steam engines and boilers. It is a 
machine for refacing cylinder head joints, dome cap joints 
and similar parts that have become leaky in service and re- 


Portable Joint Facing Machine. 


quire machining before they can be made tight once more. 
The machine is made up of two disks, the upper one carrying 
a train of gearing and a slide on which is mounted the 
cutting tool, and the lower one the chucking screws for 
screwing out against the inner walls of the cylinder counter- 
bore or the dome ring, to hold the machine in position. Two 
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of these screws are shown in the cut. Besides the gearing 
shown there are three reduction gears in the space between 
the two disks, to reduce the speed and to give power to drive. 
the tool. The cutting tool is mounted on a steel slide which 
may be fed out automatically, or by hand. 
in the illustration is for quickly moving the tool to the re- 
quired position, then the feed clutch is thrown in and the 
crank removed, the machine feeding automatically as the 
handwheel is turned. The machine may be driven by hand 
or power; when power is employed a pulley or coupling is 
substituted for the handwheel. Hand power is generally 
used, as the time required for facing one joint is so short 
that it does not usually pay to connect to any other source 
of power. H. B. Underwood & Co., Philadelphia, are the 
manufacturers. 


IMPROVED QUICK-FEED GEAR BOX. 

Schumacher & Boyé, Cincinnati, Ohio, have recently re- 
designed and improved the feed gear box used on their 
lathes so as to greatly increase the range of feeds that can 
be obtained. In the photographs, Fig. 2 shows an end view, 
and Fig. 1 the front, of the arrangement for feeds and screw 
cutting that is now being used on all lathes of their make, 
from 16 to 32 inches inclusive. Power for operating the feed 
is delivered from the lathe spindle to the gear box, through 
reverse and intermediate gears, and thereby operates the 
spindle A, which extends the full length of the box. Upon 
this spindle, and keyed thereto, is a sliding gear which is 
moved by means of a yoke to any desired position along the 
spindle. Upon the upper edge of the yoke is a rack which 
meshes with a pinion keyed to the small shaft B. This pinion 
is turned by a short crank H, the handle of which contains 
a spring pin that may engage any of the eight holes in the feed 
disk (C, thereby locking the slide-gear at any one of eight 
desired positions along the shaft A. The back of the yoke 
forms a plate, and has a series of eight holes corresponding 


s 
Front View of Improved Feed Gear Box. 


Fig. 1. 


to those in the feed disk and for each position of the pin in 
the feed disk a corresponding hole is brought into place in 
the slot shown in the front of the gear box. In a swinging 
bracket, which pivots around an extension of the lead screw 
H, is a cone composed of eight gears, which may be placed 
in mesh with the slide-gear. Upon the end of the gear cone 
shaft, which extends beyond the gear box toward the tail end 
of the lathe, is placed the gear that drives the lead screw so 
that by moving the slide-gear to its different positions, in 
mesh with the gears of the cone, eight different speeds of 
the lead screw are obtained. The swinging bracket is held in 
place by a spring pin in the handle F, which fits that hole in 
the yoke-plate which is exposed by the slot in the box, above 
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referred to. These holes are so placed that when the pin is in 
position in the yoke-plate the slide-gear will be in mesh with 
the cone gears. 

Upon the left hand end of the shaft A is mounted a second 
slide gear which, by a movement of the handle G@ over its 
dial, can effect five changes in the rate at which the spindle 


Fig. 2. End View of Improved Feed Gear Box. 


A is driven by the lathe spindle. This is accomplished by a 
set of compound gears that are mounted in the intermediate 
gear bracket. 

To operate the mechanism: first disengage the pin # and 
allow the swinging bracket to drop, then move the crank H 
so as to bring the slide gear into mesh with the desired step 
on the gear cone, as indicated by the figures on the dial C, 
re-engage the pull pin with the hole in the yoke plate. This 
provides for any of the eight changes of speed obtainable 


Universal Graduating Machine. 


from the gear cone. By dropping the intermediate gear 
bracket, the secondary slide-gear may be placed by means of 
the crank G, in mesh with the intermediate gears, so as to 
give five additional changes, and as these multiply those ob- 
tained from the gear cone we get a total of forty changes of 
speed available. 

For feed changes it is necessary only to move a sliding 
gear along the feed rod D so that it will engage with a gear 
on the lead screw from which the feed rod is driven at a 
rate of four to one, 7. e., if we desire to obtain a feed of 
forty per inch, the lathe would be geared for cutting ten 
threads per inch when, with the feed rod in action, this feed 
would be obtained. 
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UNIVERSAL GRADUATING MACHINE. 

The photograph on page 334 illustrates a new graduating 
machine that has been brought out by the Springfield Machine 
Tool Co., Springfield, Ghio. It is designed to divide circles 
into degrees or such divisions as are necessary to use in con- 
nection with screws of different pitches to allow each division 
to equal. a movement of .001 inch. It is in some respects simi 
lar to an automatic gear cutter and, when once set for gradu- 
ating a piece of work, is entirely automatic in its action. 
Provision is made, in connection with a cam, for long and 
short strokes so that the graduations may be more easily 
read. Owing to the fact that irregular pieces have to be grad- 
uated, such, for example, as compound slide rests, it has been 
thought better to hold the work vertically, since the use of a 
horizontal spindle would tend to destroy the accuracy of the 
results. The work is accordingly held on a vertical spindle, 
which revolves in a slide, adjustable to and from the gradu- 
ating bar. 
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Oblique Tumbling Barrel. 


The machine may be operated either by hand or by power, 
each revolution of the driving pulley representing one stroke 
of the graduating bar. Experience has shown that a speed 
of about one hundred strokes per minute will give the most 
satisfactory results. The graduating bar is operated by means 
of a small rack and pinion, driven through the intervention 
of four bevel gears, to which motion is given by a connecting 
rod whose upper end is connected to a link and whose lower 
end rolls on the cam, which is provided for giving the differ- 
ent lengths of stroke required for graduating operations. The 
link is so arranged that the cutting stroke of the graduating 
bar may be either upward or downward, according to require- 
ments. This is accomplished by shifting the connecting rod 
from one sidé of the link to the other, while shifting it toward 
or away from the center results in a longer or shorter stroke 
of the graduating bar. The slide which holds the graduating 
bar may be swiveled to any angle, so that any form of surface 
which requires graduating, may be operated upon. 

The indexing mechanism is positive—a pawl and ratchet be- 
ing used to drive same and a form of pawl, plunger and 
ratchet is used to hold same in position during the cutting. 
Inasmuch as the indexing is done on the return stroke of 
the graduating bar and as all the movements bear a positive 
relation to each other, the danger from error is almost entirely 
eliminated. 

The slide which carries the head for the graduating bar is 
adjustable up and down on the frame of the machine by 
means of the ball crank shown, which extends in the front 
of the machine. No provision has been made for relieving the 
cutting tool on the return stroke, inasmuch as it has been 
found that eminently satisfactory results may be obtained 
without this complication. 


OBLIQUE TUMBLING BARREL. 
The latest production of the Globe Machine & Stamping 


Co., Cleveland, Ohio, is the oblique tumbling barrel which is 
shown in the accompanying halftone. These barrels are 
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adapted for cleaning, brightening and polishing sheet metal 
stampings, small iron or brass castings, rods, pins, etc. They 
may be used for either wet or dry tumbling. By means of 
the hand-wheel the barrel may be raised to a nearly upright 
position or tilted down, as shown in the cut, so that the 
contents may be dumped out. It may be run in either of the 
extreme positions or at any intermediate position. Thus the 
most delicate stampings or castings may be finished without 
danger of distortion or breaking. A ratchet and pawl are 
provided which hold the barrel in any desired position. The 
ease and quickness with which the barrel may be emptied of 
finished work makes the tilting feature very desirable. 


AUTOMATIC WORM AND SCREW THREADING LATHE. 

The rapid and economical production of accurately threaded 
steel worms and screws of considerable size is receiving more 
attention from machine builders than ever before. High 


speed electric motors, and their use for driving heavy machin- 
ery, has created a large demand for worm devices, that being 
the principally adopted means of speed 


reduction, notwith- 


Fig. 1. Automatic Worm and Screw Threading Lathe. 


standing the high cost of the worm itself. Modern designers 
of automatic devices here find a fruitful field where a short 
time since it was thought no improvement could be made. 
Until recently no method of accurately threading worms and 
screws was known, other than with an engine lathe. The 
engine lathe is one of the oldest tools we have; very few rad- 
ical changes have been made in it for many years; additions 
and modifications, to be sure, and automatic lathes for various 
purposes, but a threading lathe wherein all movements of 
spindle and feed were wholly automatic, requiring no atten- 
tion of operator after he has placed the work between the 
centers has been reserved for later times. 


Fig. 2. Worm and Screws cut on Automatic Lathe. 


The automatic threading lathe, for threading small screws 
up to about 21% inches in diameter, has been built by the 
Automatic Machine Co., Bridgeport, Ct., for several years and 
now prompted by the demand above referred to and profiting 
by their experience with the smaller sizes, they have recently 
brought out a ijarge machine for automatically threading 
screws and worms up to 10 inches in diameter. This machine, 
which is similar in its general features to the engine lathe, 
partakes in general of the design of the smaller machines that 
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have been built by the company, but with such additions as 
are made necessary by the increased size of the work which 
is handled. The cut shows a back view of the machine, giving 
a very good idea of the automatic mechanism and the extra 
heavy gears that have been provided both for the drive and 
feed incidental to the increased duty of the machine. The 
lead screw is located in the center of the bed and as near to 
the work as possible. The carriage carries four threading 
tools, which are held in blocks in such a manner that they 
may be quickly removed, sharpened and replaced without 
affecting the accuracy of their position. One of these tools is 
used for roughing, two for siding (thus permitting the use 
of angular or shearing cutting edges), and one for finishing. 
The cut feed is graduated so that the last few passes of the 
tool over the work are with finishing or scraping chips, thus 
insuring an extreme smoothness of finish. 

Fig. 2 shows a few samples of the work done on this lathe. 
The largest worm shown is 8 inches in diameter, 6 inches 
long, 6-inch lead, quadruple thread, 15-16 inch deep; this was 
threaded in 983 minutes. The next smaller worm is 34% inches 
in diameter, 6 inches long, 1%4-inch lead, single thread, 11% 
inch deep, and is peculiar in that the threaded portion is 
between flanges. Time for threading this worm, 74 minutes. 


COMBINATION CALIPER SQUARE, DEPTH GAGE AND 
STEEL RULES. 

The Billings & Spencer Co., Hartford, Conn., have recently 
placed on the market the combination tool shown in the ac- 
companying illustration. An ordinary 5-inch steel rule is 
drilled and slotted at one end so that a small clamp may be 
readily attached. <A 2-inch rule placed under this clamp is 
held squarely across the end of the larger rule. Sliding on 
this larger rule is a caliper jaw which in conjunction with the 
small rule makes a convenient caliper square. By removing 
the 2-inch rule and its clamp, and using only the sliding 


Combination Caliper and Steel Rules. 


jaw on the large scale, the tool is at once converted into a 
depth gage. In fact, two depth gages are obtainable, for if 
the sliding jaw be removed the short scale may be employed 
as a depth gage by using the larger rule as a base and sliding 
the small rule through the end clamp. This is often con- 
venient for use in holes or slots that are too small for the 
large rule to be inserted. The tool is very handy for 
machinists and toolmakers, combining, as it does, the two 
above tools and at the same time providing two ordinary 
rules for general use when neither the caliper or depth gage 
is required. 
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PERSONAL. 


Mr. E. R. Markham, well known to our readers as the authcr 
of the series of articles on the treatment of steel, has resigned 
his position in the Mechanic Arts High School, Springfield, 
Mass., to accept one with the J. H. Williams Co., Brooklyn, 
N. Y., beginning March ist. Mr. Markham has had 25 years’ 
shop experience. He served an apprenticeship under his 
father, Russell Markham, who for 40 years was in charge of 
the machine department of the Lamb Knitting Machine Co. 
Then he was diemaker with the Barney & Berry Skate Co., 
and with the Faye Tool Co., both of Springfield, Mass. Later 
on he took charge of the fine tool department and of the mill- 
ing work on guns, etc., at the J. Stevens Arms & Tool Co., 
where he remained for eight years, leaving them to take 
charge of the machine department at the Lamb Knitting 
Machine Co., makers of the Spalding bicycles. Here he was 
shortly given charge of the hardening, the small parts and 
the grinding departments. Later he took charge of the tool 
department, where it was his duty not only to superintend 
the making of tools, but also to design all tools, jigs, fixtures 
and special machinery made in the shop. The method used 
by him for hardening the gears was adopted by several of 
the largest concerns making chainless bicycles. After five 
years with this firm, he went to the Waltham Watch Tool 
Co., aS superintendent, and from there to the Mechanics Arts 
High School. 


* ; ** * 
OBITUARY NOTE. 


James Oscar Nixon, late engineer and manager of the silent- 
chain department of the Link-Belt Engineering Co., Philadel- 
phia, died on December 27, 1902, aged 23 years. Mr. Nixon 
had already achieved a marked success in his work and gave 
every promise of a most successful career. He was a native 
of New Orleans and a graduate of Tulare University of that 
city. Mr. Nixon had been in the employ of the Link-Belt 
Engineering Co. three years, during which he showed that 
he possessed great mechanical genius. He was the author of 
the article on the Renold chain, which was published in 
MACHINERY, in the December issue. 
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FRESH FROM THE PRESS. 


ELEMENTS OF FLEcTRICAL ENGINEDRING. A first year’s course fot 
students. By Tyson Sewell, A. I. E. BE. 832 pages, size 54 x8 
inches. Illustrated with 204 cuts. Published by Crosby Lock- 
wood & Son, London, and D. Van Nostrand Co., New York. Price 
$3.00 net. 

This excellent work is based upon courses of lectures given by Prof. 
Sewell to students at the Polytechnic, Regent St., London, who were 
qualifying as electrical engineers. The treatment of the subject is 
as non-mathematical as the nature of the science will permit, ana 
still give a student a substantial groundwork for the advanced work 
necessary to the degree of electrical engineer. ‘The book is divided 
into sixteen chapters, the first being, of course, an exposition of 
Ohm’s law, which is the fundamental principle of electrical science. 
The explanation employs the hydraulic analogy in which the flow of 
water in a closed pipe system is compared to the flow of the electric 
current in a circuit. A pump in the pipe system, which causes the 
water to circulate round and round, corresponds to the electric genera- 
tor or dynamo. The succeeding chapters take up in order: Units em- 
ployed in electrical engineering; series and parallel circuits; heating 
effect of the electric current; the magnetic effect of the electric cur- 
rent; the magnetization of iron; primary batteries and accumulators ; 
ammeters, voltmeters and ohmmeters; electric meters; electric meas- 
uring instruments; electric measurements; are lamps; incandescent 
lamps; continuous current generators; and direct-current motors. 
The work is one that we believe will be highly appreciated by many 
young men who are looking for a sound treatise on electricity that will 
give them something more than the bare fundamental principles, and 
yet written so as to come within the range of ordinary mathematical 
comprehension. A careful study of the book will, in our opinion, fur- 
nish a good working knowledge of electricity and one that no one be- 
neath the rank of electrical engineer, need be ashamed of. 


HARDENING, TEMPHRING, ANNBALING AND ForGING or SrEru. By 
Joseph V. Woodworth. Published by Norman W. Henley & Co., 
132 Nassau St., New ‘York. 288 pages. Illustrated. Price, 
$2.50. 

This volume by Mr. Woodworth takes up in its various chapters 
the selection of steel, its annealing, hardening, tempering, and case- 
hardening, as indicated by the title, with supplementary chapters 
upon miscellaneous methods used in metal-working such as forging 
and welding, grinding tools, etc. The author had in view the prep- 
aration of a volume treating this subject in a practical manner, 
and was led to prepare the work from the fact that there is very 
little published information upon the subject outside of the technical 
press. Unlike Mr. Woodworth’s book, “Dies, their Construction and 
Use,’’ which we reviewed last month, this work is largely a compila- 
tion and contains a great number of items that have been gathered 
from various sources and systematically arranged. These have been 
taken mainly from the leading technical papers or have been ob- 
tained from master mechanics or others connected with machine 
shop work, and from catalogues. While the book is fully illustrated 
the cuts are mainly from catalogues, so that its general appearance 
is not as good as that of ‘Dies, their Construction and Use.” It 
appears to be carefully arranged, however, and contains many notes 
and data that would be of assistance to any mechanic. 
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AMONG THE SHOPS. 


NOTES OF TECHNICAL INTEREST FROM BOTH EAST AND WEST. 


[’ has been learned by experience in the construction of 
vertical engines that the cylinders, especially if they are 

of large size, should be bored in a vertical position. This 
is owing to the fact that when a cylinder is placed horizontally 
a certain amount of settling takes place owing to the weight 
of the casting and if it is bored in this position and then 
placed vertically, so that this weight-strain is removed, the 
result will be an oval hole. As all of the large marine en- 
gines are of this type, a vertical boring machine is conse- 
quently one of 
the necessities of 
a marine engine 
shop. 

The engines for 
the new battle- 
ship “Connecti- 
Clem WHICH. 1S 
now being built 
at the New York 
Navy Yard, will 
be the product of 
the Department of 
Steam Engineer- 
ing connected 
with the Yard, 
and will be of the 
vertical, triple-ex- 
pansion type, the 
low-pressure cy l- 
inders having a 
bore of 61 inches. 
It is for the pur- 
pose of boring 
these cylinders 
that the Depart- 
ment has design- 
ed and construct- 
ed the _ vertical 
boring machine 
illustrated in Fig. 
1. The extreme 
height from the 
bed plate to the 
under side of the 
connecting tie is 
10 feet 11% 
inches, while the 
width between the 
upright columns 
is 10 feet. It is 
placed upon a bed of concrete which, in turn, rests upon a pile 
foundation. 

The machine is electrically operated, being driven by a 
Westinghouse, two-phase, alternating current motor of 15 
horse power capacity, running at a speed of 720 revolutions 
per minute. The motor is placed inside of one of the column 
legs, upon the back of which, at a convenient height, is 
mounted the switchboard. 

Since this motor starts at full speed, friction driving 
mechanism has been employed and a detail of the motor and 
friction drive is shown in Fig. 2. The armature shaft is 
connected by a coupling to the shaft A, upon which is 
mounted the friction driving pinion B, so arranged that it. 
may be drawn in or out across the face of the friction disk 


Fig. 1. Large Vertical Boring Machine designed and built at the New York Navy Yard. 


by means of a screw and hand wheel, thus increasing or de- 
creasing the speed at which the shaft # is driven. The pinion 
D, which is mounted on an extension of the driving shaft 
bracket, serves simply as an idler for supporting the outside 
of the friction disk and does not move across its face as does 
the pinion B. Both of these pinions are of cast iron, having 
a circumferential groove lined with leather which runs in 
contact with the cast-iron friction disk. The disk C is with- 
drawn from the pinions or forced into contact with them 
with any degree 
of force by means 
of the hand lever 


F, which rotates 
the nut G and 
thus moves. the 


disk up or down. 
The thrust of the 
disk is taken upon 
a ball bearing col- 
lar and at all 
places in this ma- 
chine where a 
thrust is encoun- 
tered ball bear- 
ings have been 
provided. 

From the fric- 
tion disk the driv- 
ing shaft rises to 
the operating plat- 
form from which 
all the movements 
of the machine 
can be controlled. 
At this platform 
the vertical shaft 
is geared with one 
placed horizontal- 
ly carrying a pin- 
ion from which is 
derived the power 
to operate the sys- 
tem of gearing 
that is used to 
drive the boring 
bar. The web of 
the first gear in 
the system is 
bored out to form 
a friction clutch 
so that the driving mechanism may be engaged or released 
without stopping the motor. Upon the end of the horizontal 
shaft, above mentioned, is a friction disk from which the 
feed is driven. A handle, which may be seen at the left of 
the mechanism, is used for moving the friction pinion to any 
position across the face of the disk in order to give the desired 
rate of speed. The direction of feed is changed by shifting 
the pinion from one side to the other of the friction disk. In 
addition to the change in feed that is accomplished in the 
above manner, a set of change gears is provided for increas- 
ing the range of feed. At the top of the bar will be seen 
the two large spur gears by which the bar and feed screws 
are driven. The lower and broader gear is keyed directly to 
the bar while the upper one is independent of the bar and 


338 MACHINERY. 


contains an internal gear that meshes with the pinions 
mounted on the ends of the two feed screws. 

Three boring bars, having diameters of 6, 10 and 14 inches 
respectively, are provided for use with the machine, the 6- 
inch size being used for boring the stuffing boxes of the large 
cylinders. The removal or exchange of these bars is easily 
accomplished by use of one of the electric cranes by which 
the machine is served. When not in use the bars are stood 


vertically in a bracket which is fastened to the further side 
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In this case a comparatively small boring mill in the shop 
was stripped of its housings, leaving only the base, table and 
driving machinery. The base to be bored and faced, was 
placed upside down over the stripped mill and supported at 
the four corners on suitable pedestals. A cross rail fastened 
to the lower mill table carried a slide and tool which did 
the facing of the bearing ring. This job was, of course, an 
unusual one and required unusual procedure, but it very well 
illustrates some of the expedients that often have to be 
resorted to. In this case something of the kind was 
absolutely necessary, as there was no boring mill or 
pit lathe large enough to swing the base. 

The method regularly employed by the Pond Ma- 
chine Tool Co. for facing the outer bearing rings on 
all their boring mill bases, is well worth a short de- 
scription. The bases are planed, bored for the table 
spindles (this is done on a horizontal mill with a bor- 
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ZZAD ing bar) and, in fact, all the other machine work is 


done before the bearing ring is faced. The base with- 


out the housings is erected over a suitable shop pit, 
and the driving works and table placed in position. 
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Fig. 2. The Motor Drive. 


of the right-hand column. For facilitating this handling of 
the bars an eye bolt is permanently attached to the top of 
each bar, as will be seen in Fig. 3, which is a detail of the 14- 
inch bar. Two feed screws extend along opposite sides of 
the bar and fit bronze nuts in the sleeve which is shown at 
about the center of the bar. To this sleeve are fastened the 
different heads that carry the boring tools. At the top of 
each feed screw will be seen the pinions which engage with 
the internal driving gear. 
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But the table is not lowered to its normal position, 
being instead supported on its step bearing a dis- 
tance of four or five inches above it, as shown in 
Fig. 4. Being driven by a spur pinion meshing 
in an internal gear, the table may be revolved 
by power in this position by belting to the cone 
pulley in the usual way. An angle casting OC, carrying a slide 
and cutting tool D at its lower end, is bolted to the table A. 
Now by driving the table by power through the regular 
channel, the bearing ring is quickly and accurately faced and 
that without requiring a large boring mill for the job. The 
operator feeds the tool across the cut a short distance for 
each revolution as the slide comes around to him, and to 
take a fresh cut he simply lowers the table by means of 
the step-adjusting screw B. 
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Fig. 3. Details of Boring Bar. 


This machine was designed and built complete by the De- 
partment of Engineering at the Navy Yard, under the direc- 
tion of Commander J. A. B. Smith, and in design and finish 
compares very favorably with the work of the regular ma- 
chine tool builders. 


NOTES ON MACHINE CONSTRUCTION AT THE POND 
MACHINE TOOL CO., PLAINFIELD, N. J. 

One of the many problems that some machine tool manu- 
facturers have to solve, particularly those building heavy 
machinery, is the economical handling of parts larger than 
the capacity of their largest shop tools. Again there are 
machine parts that, for the smaller machine sizes even, are 
awkward to handle, and which, if treated in the manner that 
naturally would be followed for the particular operation re- 
quired, would mean the tying up of shop tools of a capacity 
all out of proportion to the extent of the operation. That 
is to say, a large tool might be required to do a machining 
operation comparatively small in extent and one that would 
take but little time after the piece was chucked. More time 
would be consumed in chucking than in the actual operation. 
This applies with some force to facing the outer bearing 
rings on the bases of boring mills, large or small. 

In the April, 1900, issue we briefly described how Wm. 
Sellers & Co. bored and turned the bases for the huge 28-foot 
boring mills built by them for the Westinghouse Companies. 


The method employed by this company for cutting the 
internal gear teeth of boring mill tables and large geared 
lathe faceplates is also of some interest. It is done on a 
slotter which is specially rigged for such work. A table 4A, 
Fig. 5 (which shows a top view) is bolted to the regular cir- 
cular table. The table, it will be observed, is elongated to 
the right, forming a tapered wing or arm. Through the mid- 
dle of this part a slot is planed and tapped holes are located 
at intervals along each side. The slot and holes are for 
locating and clamping the latch D and its block in the various 
positions required for the different sizes of index plates, B. 
The internal gear blank, C, to be cut, is mounted on the 
index plate so that, of course, both turn together when in- 
dexing. The cutter bar and tool mounted on the slotter ram, 
are shown at /. The tool is relieved on the “up” stroke by 
means of a compound nut G and suitable connections to oper- 
ate it at the right time. This nut forms the thrust bearing 
for the feed screw F and is externally threaded to fit a coarse 
thread cut in the base. Turning the nut G in either direction, 
gives a longitudinal movement to the feed screw F' independ- 
ent of its regular feed motion. The feed screw is operated 
from the opposite end and is splined so that it is free to 
slide longitudinally to accommodate the motion communi- 
cated to it from the nut G. In this manner the table carry- 
ing the gear is moved away from the tool a short distance 
just as the “down” stroke is completed and back again at 
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the end of the up stroke without interference with the regu- 
lar feed motion, which is accomplished by ratchet action in 
the usual manner. The oscillatory movement of the feed 
motion is communicated to the nut G@ by the levers and 
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NEW FOUNDRY OF THE VILTER MFG. CO., MILWAUKEE— 
HEATING SYSTEM—CHARGING THE CUPOLA. 

The Vilter Manufacturing Co., Milwaukee, Wis., builders 
of Corliss engines and refrigerating machinery, have been 
occupying a new foundry building for some time past, de- 
signed by their superintendent, Mr. Theodore O. Vilter. Be- 


fore proceeding with the erection of the building Mr. Vilter 
visited a large number of foundries in different parts of the 
country and incorporated in his design such ideas as he be- 
lieved to be of practical value to a concern engaged in heavy 
engineering work. The foundry is 280 by 110 feet in area 
and is served by two Pawling & Harnischfeger cranes, one 
of 30-ton and one of 15-ton capacity and both of 60 feet span. 
The building is arranged in three bays, with monitor roof 
over the middle bay. The side walls have windows extend- 
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Fig. 5. Cutting Internal Gear Teeth of Boring Mill Tables. 


ing nearly from floor to roof, the openings being as large 
and as near together as considerations of strength will 
allow. The walls are of brick laid to form pilasters about 
20 feet apart. The pilasters encase steel columns which sup- 
port. the roof, thus making it necessary for the walls to be 
self-supporting, merely, and allowing a much greater window 
space than if the walls had to be built to sustain the weight 
of the roof. The sides of the monitor roof have windows 
for lighting the central portion of the building and for pro- 
viding ventilation. These windows are all connected with 
rock shafts that can be operated from the floor and may be 
conveniently opened or closed as often as required to keep 
the air pure and tree from smoke. 

The building is heated by the forced blast system, air being 
drawn in from the outside and forced over steam coils and 
thence through ducts to different parts of the building. In 
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the arrangement of the ducts, however, an important depart- 
ure has been made from the usual arrangement of sheet iron 
pipes commonly employed in manufacturing establishments 
for conveying the warm air to the different departments. 
The passage for the air in this case consists of a bricked-up 
subway extending along the two sides of the foundry, close 
to the foundation walls, and below the floor level, with a con- 
necting passage running from one side to the other at a dis- 
tance of about 25 feet from one end of the building. The 
heating coils and blower are situated near the center of one 
side of the building and the air is delivered to this under- 
ground duct and escapes to the interior of the foundry 
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. Method of Facing the Outer Bearing Rings of large Boring Mills. 


through registers or gratings at suitable intervals. In Fig. 
6 are two sectional views of the duct, one taken at a point 
where it passes one of the pilasters and the other through 
the passage connecting the ducts on the two sides of the build- 
ing. The advantage claimed for this arrangement is that 
it delivers the heat where it is wanted, viz., next to the cold 
walls, and that as the hot air enters from or near the floor 
level it meets and warms any cold air descending from the 
windows or outer walls and so prevents drafts and main- 
tains a uniform temperature throughout the structure. The 
top of the duct is covered by cast iron plates, any of which 
may be removed and gratings substituted. The connecting 
passage is entirely below the floor level, and is covered with 
plank and boards, with a layer of paper between and with 
several inches of foundry sand on top. 

In Fig. 8 is shown the arrangement of the two cupolas, 
blower room, etc. The main, or outer wall of the foundry is 


BRICK 


C.1. COVER 


EW. YY NYY 


HEATING 
CHANNEL 


BRICK co. 
4 : 


a 
N 


| 
FOUNDRY FLOO 
A 


| ae 
i “0 2 
Industrial Press, NI. | 


Fig. 6. Heating Ducts of Foundry, Vilter Mfg. Co. 


at A, A, and at B, extending both into and outside of the foun- 
dry is the cupola room, which is bricked up and provided 
with doors by which it can be shut off from the foundry, to 
keep out the dust when dropping the bottoms of the cupolas. 
The cupola room is two stories high, the upper, or charging 
floor being of steel. Next to the cupola room on one side is 
the blower room, containing a Roots blower, driven by a 
steam engine. The engine is used in preference to an electric 
motor for this, because it is necessary to vary the speed of 
the blower to adapt it to either or both cupolas, or to differ- 
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rack is shown dotted in the right-hand view and in the position 
in which it is indicated the car body would be raised so as to 
dump the charge. The pinions B and D have 15 teeth, 34- 
inch pitch each, and gear C has 45 teeth. There are several 
of these cars, so that a sufficient quantity of material may be 
accumulated on the charging floor without any re-handling, 
such as would be necessary if the cars had to be unloaded 
before charging. 

At one end of the foundry are the core ovens, with which 
the foundry is well provided. There are five ovens, ranging 
from 26 feet 6 inches by 20 feet 6 inches by 14 feet high to 
4 by 5 feet and 6 feet high. The two largest ovens have two 
tracks for running in the trucks carrying the cores, and the 
next smaller has one track. All the furnaces for the ovens 
are depressed four feet below the floor level and project above 
the floor level on an average about two feet. The largest 
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Fig. 9. Hydraulic Press Driven by Motor. 


oven has two furnaces, with grate areas 2 feet 6 inches by 4 
feet. The next oven has one furnace, with grate 3 feet by 5 
feet. A passageway extending along the rear of the ovens is 
depressed four feet to correspond with the level of the fur- 
naces and all the furnaces are located so they may be fired 
from the passageway. 

The feature of the ovens most appreciated by the workmen, 
however, is the arrangement for raising and lowering the 
doors. The usual spectacle of half-a-dozen workmen trying 
to raise a hot iron door 10 or 15 feet square is not experienced 
here. At the rear of each furnace is a long cylinder 10 
which there is a plunger operated by the compressed air sys- 
tem of the foundry, by which the doors are raised and low- 
ered through cables which pass over sheaves and connect 
with them. The cylinders are in all respects like those em- 
ployed for pneumatic hoists, and operate on the same prin- 
ciple. 
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NORTHERN ELECTRICAL MFG. CO., MADISON, WIS.— 
LARGE POWER PRESS ELECTRICALLY DRIVEN. 

The Northern Electrical Manufacturing Co., Madison, Wis., 
have in use at their works an electrically-driven hydraulic 
press, two views of which are shown herewith. The ma- 
chine was designed by their superintendent, Mr. T. E. Dro- 
han, to meet the special requirements of dynamo and motor 
manufacturing and was built at the Northern Electric shops. 
The chief work for the press is compressing the laminated 
sections of which the armature cores are built, preparatory 
to bolting them solidly together, but it can be used equally 
as well for forcing mandrels into hubs or for any of the work 
of this character that must ordinarily be done around the 
shop. Small or large work can be handled with equal facility. 

The press consists of two parts, the press proper, shown at 
the right in Fig. 9, and the operating and controlling mech- 
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Fig. 10. Showing the Motor and its Connections. 


anism on the stand at the left in the illustration. The press 
proper has the usual corner screws as its “backbone.” The 
pressure is applied by two hydraulic cylinders and plungers, 
under the platen, or lower head, and on the floor level. 
The four corner screws are four inches in diameter and are 
rigidly connected to the cylinder casting at their lower ends, 
and support the head at their upper ends. They also serve to 
guide the platen in its vertical motion and prevent any “side 
wind” if the loading should be eccentric. 

The upper head is balanced by the two weights in the fore- 
ground in Fig. 9 and is raised and lowered by a one horse 
power electric motor placed on top of the head casting. There 
is a cylindrical nut supported by a bearing in each corner of 
the head which is so held that it can have no endwise move- 
ment, but which may be rotated by power in either direction 
to raise or lower the head, as required. The method of ro- 
tating these nuts is by the horizontal shafts extending around 


342 


three sides of the head and which are plainly visible in both 
views. Each nut has spiral gear teeth cut on its outer surface 
which mesh with gears on the horizontal shafts. The con- 
nection between the three shafts is by bevel gears, so that 
they all move in unison, and they receive their motion from 
the motor mentioned, through a worm and worm gear. 

In designing this press the idea was to use standard 
apparatus, as far as possible, and to arrive at the desired 
result by grouping these units. While certain parts like the 
heads and screws were special, the motors, controlling ap- 
paratus, hydraulic pump, etc., were all standard. The latter 
is one of the regular pumps manufactured by the Watson- 
Stillman Cc., New York, and is chain-driven by a 2 horse 
power motor placed on the upper shelf of the stand, directly 
over the pump. At the front of the stand is the controller 
board which contains the switches and starters used for start- 
ing, stopping and reversing the motors. 

The time-saving feature of the machine is obviously the 
power adjustment for the upper head. As the head can be 
brought down to the work by power without any effort on the 
part of the operator, the time and labor that would ordinarily 
be expended in blocking up the work or in moving the head 
by hand is thus saved. 

Both the upper head and lower head or platen are slotted 
on one side to allow the passage of an arbor or shaft which 
is being pressed into or out of a piece of work. For very 
long work of this character there is a supplementary head, 
Fig. 9, p. 341, consisting of a stiff casting supported by 
two screws extending upward from the main head of the 
machine. This cross piece is moved up or down by hand ad- 
justment. 

The press has a maximum capacity of 400,000 pounds. 


* * * 


A novel feature of the equipment of the San Francisco fire 
department is a steel drill tower for practice purposes. This 
tower is four stories high and has fire escapes down the out- 
side, like those of a building, and is provided with a standpipe 
such as are now to be found in all modern structures for busi- 
ness purposes. On certain days a number of firemen are de- 
tailed to practice with scaling ladders, water towers, fire 
escapes, etc., and the time required to connect the hose with 
the standpipe and play a stream of water upon any one of the 
floors is taken. 

* * * 

The time balls located in New York, Philadelphia, Boston 
and other important cities are operated at the moment when 
the ball falls by an electrical impulse from the naval obser- 
vatory at Washington. A short time ago a time-ball appar- 
atus was erected on the top of the Ames building at Boston, 
and the following description is from the Boston Globe. 

“The time ball is 47 inches in diameter and is composed of 
a large number of ribs of brass covered with canvas. On the 
top of the Ames building is a circular shelter house con- 
taining the hoisting drum and electrical mechanism for re- 
leasing the ball. On top of this is a steel cylinder, five feet 
high and 50 inches in diameter, into which the ball falls when 
released and where it remains until hoisted the next day. 
The ball slides up and down upon a mast of 4-inch pipe, rising 
41 feet above the shelter house. At 11.55 A. M. every day the 
ball is hoisted to the summit of the mast, and at exactly noon 
it drops. If the wires are interrupted or any other accident 
happens, to prevent the drop of the ball at noon, it will be 
lowered slowly by hand at 12.5 P. M. On Sundays and holi- 
days the ball will not drop. 

“While the electrical impulse releasing the time ball comes 
directly from Washington the electric current is relayed) as it 
were, at the electrical office of the hydrographic department, 
in the basement of the custom house. Here a telegraph relay 
and sounder have been put in, and every second is ticked out 
over the sounder, with the exception of the 29th, up to 11:59:- 
49, when the ticking ceases and the attendant on duty opens 
the switch connecting with the magnet in the shelter house on 
the Ames building roof. 

At precisely noon the electrical impulse comes through from 
Washington, operates the releasing mechanism and the time 
ball drops.” 
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THE THERMIT PROCKSS. 


REPAIRING CASTINGS AND WELDING WITH THERMIT— 
A PRACTICAL PROCESS WITH GREAT POSSIBILITIES. 


FRANK C. PERKINS. 


The metallic mixture known as thermit was discovered by 
Dr. H. Goldschmidt, and is used in certain processes for 
obtaining intense local heat up to 3,000 degrees Centigrade 
(5,400 deg. F.) and at the same time producing molten iron 
having the qualities of a very mild steel. 

Thermit is a mixture of aluminum and oxide of iron in 
chemical proportions and is produced by the Allgemeine Ther- 
mit Gesellschaft of Essen-Ruhr, Germany. It is used ex- 
tensively abroad for welding and repairing of cast iron. At 
the works of the Cockerill Company, at Seraing, Belgium, 
thermit was used for the welding of broken cast iron roller- 
mill bosses, and Mr. Th. Moulan states that besides other 
tests of the repairs under hammer, the repaired rolls stood 
the changing torsion that such rolls are subjected to. The 
welded rolls were used for the purpose of rail production and 
were reversible. It has also been stated by Mr. W. Hugo, of 
the Aktien-Gesellschaft Phcoenix-Eschweiler-Aue, that a roller- 
boss welded by the thermit process after rolling 19814 tons of 
material, broke at a point some 7 inches from the weld, and 
from the appearance of the fracture the break was not due 
to the welding process that the roller had been subjected to. 
This process has been employed for welding together iron 
tubes for use in freezing plants and overheated coils, 
with great satisfaction in Denmark, at the works of the Ak- 
tieselskabet “Atlas,” in Copenhagen, and it has also been ex- 
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Fig. 1. Typical Form of Crucible used for Thermit Welding and Casting. 


tensively used for welding iron tubes in the machine works 
and foundry of the Hallesche Maschinen Fabrik and Hisen- 
giesserei, of Halle a/s, Germany. 

Thermit gives off iron of a very high temperature, about 
5,400 degrees Fahrenheit, the resulting iron being exceed- 
ingly pure, and with a tenacity equal to very mild steel, so 
it is obvious that thermit is most valuable for a number ci 
purposes to every foundryman and engineer. For instance, 
by its aid faulty castings can be made faultless; bosses can 
be cast on steel or even wrought iron, and broken shafts and 
wheels repaired. The thermit iron has the property of melt- 
ing the cold surfaces of the metal it touches, and uniting with 
it to form one solid mass. Thermit iron produced in a 
special crucible remains at the bottom of it, and is covered 
by a layer of three times its bulk of slag. There are two 
methods of extracting the molten iron out of the thermit, 
after the reaction has taken place. Hither the slag can be 
poured off first, or the iron can more easily be let off first by 
an opening in the bottom of the crucible, which opening must 
not exceed a certain diameter. The crucibles are of varying 
size, to contain from about 2 pounds up to 200 pounds of 
thermit, and even more. The whole bulk of thermit is put 
into the crucible at the same time, and is set alight by adding 
a thimbleful of ignition powder, and applying a fuse. 
The whole contents melt down within a few seconds. The 

A brief description of the Thermit process, published in MACHINERY 
some time ago, previous to its introduction in this country, aroused con- 
siderable interest among our readers and led to numerous inquiries. We 


are glad, therefore, to be able to give so complete an account of this inter- 
esting development in thermo-chemistry in this number.—EDITOR. 
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opening at the bottom of the crucible is closed by a small 
round piece of sheet iron of the size of a dollar, on which is 
pressed about % inch of fine dry sand. When the reaction is 
complete, the sheet iron plug is driven up by a pin placed in 
such a position below it that, although it does not touch the 
plug, it can easily be forced up by a simple lever. The ther- 
mit iron issuing from the bottom of the crucible flows into a 
runner in the mold in such a manner as to rise up again in 
the mold. The slag which follows can be diverted through an 
opening, arranged at the side of the runner, at a point about 
the highest level desired in the castings. 

The thermit iron has such a high temperature that a cer- 
tain proportion of iron punchings, free from grease, can be 
mixed with the thermit which still retains its property of at- 
taching itself to the metal with which it comes in contact. 
The quality of iron punchings varies according to the quan- 
tity of thermit used. Where only a few pounds are used, 
no iron punchings should be added. For quantities of 10 
pounds or more, the proportion of punchings may be 5 to 10 
per cent. and for quantities over 25 pounds up to 15 per cent. 
may be added. To improve the cast, a very little, say 1% per 
cent. pure manganese is added, which may be mixed with the 
thermit, but the best way is to put it into the mold. The 
surface of the metal to be operated upon must, of course, be 
properly cleaned free from rust and grease, but not neces- 
sarily bright. It should then be warmed, just too hot to hola, 
or even to a dull, red heat, but never more. Iron can be 


Fig. 2. Dlustrating Repair to Broken Gear. 


joined to iron, as lead is soldered to lead. This process 
is called “thermiting,” and is applied to girders, bars, angles, 
in fact any section of rolled or wrought iron, or steel. In all 
these cases a special mold is required. 

Where a mild steel casting is wanted in a hurry, it can be 
readily made by using thermit with 20 per cent. of small 
punchings or pieces of thin charcoal sheet iron added. This 
is run into the mold in the usual way, no furnace or cupola 
being required. 

In welding two pieces of tubing 2 inches inside diameter 
and 4 inch in thickness, two sheet-iron molds are employed 
to inclose the tubing with sand, in order to prevent bad results 
in consequence of incorrect shape. The two pipes are close- 
ly pressed together by the clamping apparatus, the mold 
fixed, and surrounded by fine damp sand in the surrounding 
sheet-iron box. Two and one-half pounds of thermit are then 
measured out, ignited as directed above and the contents of 
the crucible quickly poured into the mold directly after the 
surface is free from floating black particles. After about 114 
minutes the clamps are tightened and the welding is effected. 

Pipes of even thickness are most suitable for being welded. 
Pipes showing differences in thickness of 1-16 inch or even 
1-32 inch cannot be operated upon by the thermit process 
without special precautions being adopted to get an even heat 
on both sides, which experience alone will teach. 

For welding thermit iron on castings and wrought pieces, 
the apparatus is arranged as shown in Fig. 1, on the preced- 
ing page. The small iron pin A must be cut down to 
the required length, the asbestos washer and the small round 
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iron plate B placed in position, and the tap-hole well cov- 
ered up by a thin layer of magnesia, which must be pressed 
down a little. After this, the manganese, and then the ther- 
mit are poured into the crucible, then a thimbleful of ignition 
powder is thrown in a little heap on the thermit, which is 
ignited by means of an ordinary fuse. As soon as the reac- 
tion is complete, the handle of the lever C is pressed down, 
which will lift the pin in the tap-hole and allow the molten 
mass to flow out—first the iron, and then the corundum (or 
slag). 

It is said to be advisable to let the welded pieces cool 
down gradually, and to warm large pieces, before the opera- 
tion is commenced. 

The accompanying illustration, Fig. 2, shows a section of 
a gear wheel, showing one tooth (, on the right repaired and 
machined, another in the center B, broken ready to be 
mended, and a third on the left A, mended but not machined. 
These teeth are 2144 inches in depth and 6 inches long. It is 
stated that demonstration on the use of thermit will be 
made in this country soon for both the welding of rails and 
tubes, as well as the repairing of castings.* 

On electric railways various methods of bonding rails are 
used for obtaining a good return conductor through the track, 
as it is desirable to secure such complete and permanent elec- 
tric continuity as to prevent the leakage and loss of current 
which often creates great damage to water and gas pipes by 
electrolysis. In addition to obtaining good electrical con- 
tact between the rails, it is also desirable that the joints be 
nearly perfect in order that the car will not be jarred as 
the wheels pass over the joints. Electric welding has been 
extensively used with great success, and produces a perfect 
joint between the rails, although somewhat expensive. The 
welding of rails of trolley lines by means of thermit has 
been quite extensive in Germany and will without doubt be 
introduced in England and in this country at an early date. 
Thermit is a metallic mixture of aluminum and oxide of iron 
in chemical proportions, as mentioned above, and its action 
is particularly well adapted to welding of rails. 

Director Paul Clauss, of the Dresdener Strassenbahn, has 
stated that the total number of welds made on one kilometer 
of tramway in Hechtstrasse, only about 1 per cent. of the 
actual welds were broken, and he states that the welds are 
harder and not softer than the adjoining iron, while the 
time required for making the weld between the rails is not 
longer than that of fixing an ordinary fish-plate. 

The thermit welding process has also been employed by the 
Strassen-Hisenhahn-Gesellschaft of Brunswick, and Mr. Herkt. 
Lichtenberg states that the cars which are of the accumu- 
lator type, weighing each 7 tons, operate upon the welded 
road without the slightest jolting, and that the welding has 
been utilized to advantage upon two of their lines—one a 
quarter of a mile, and the other half a mile in length—the 
first track being laid upon macadam foundation with ordi- 
nary pavement; and the second track on a cement foundation 
with asphalt pavement. 

There are two ways of emptying the crucible; one by pour- 
ing out from the top, the second by drawing off from the 
bottom. In the first case, the slag flows out before the iron; 
in the second, the iron before the slag. The nature of the ap- 
plication determines which of these methods has to be 
adopted: 

1. Pouring the Slag First—The slag cooling far more 
rapidly than the iron, deposits a thin layer on the object it 
touches, which is thus protected from contact with the molten 
thermit iron that follows. The latter can, therefore, be ap- 
plied to hollow iron objects without melting them through or 
adhering to them. It is especially useful for welding wrought 
iron or steel pipes, which, on account of the simplicity of the 
process, can be done in place. All that is required is to 
clean the welding surfaces, place a mold round the joint, and 
pour the contents of the crucible. In this way some 50,000 
joints of all sizes have been made in the last few months. 
The weld once made requires no repairs, and stands as high 
a pressure as the pipe itself. Angle irons and bars of other 


* These demonstrations have been made since the first portion of this 
article was written.—EDITOR. 
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sections can be equally welded in this way, the result being 
a clean butt weld. 

2. Tapping the Thermit Iron First.—The chief merit of 
this application is that the thermit iron flows out at such a 
high temperature that it melts the surfaces of the metal it 
comes in contact with and amalgamates with it, so as to 
form one homogeneous mass of mild steel. 1t has, therefore, 
been largely used for welding tram rails, repairing faulty 
castings up to any size, and many other purposes which will 
at once occur to any engineer. In this case the metal is 
drawn off through a small opening in the bottom of the 
crucible provided for that purpose. When the reaction is 
complete, merely pressing a lever forces up a plug, which al- 
lows the metal to flow out; the slag follows. The molten 
thermit iron round the joint can be of any desired thickness, 
and in the case of rails takes the place of sole plate and fish 
plates, with this difference, that it is welded on. 

8. For Some Purposes no Crucible is Required.—For ex 
ample, where a large roller boss is broken off, the roll is 
placed on end, a mold formed above it, about ™% inch of 
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has not been possible even in an electric furnace. The most 
important of these are chromium and manganese. The 
former is largely used by gun, ammunition, armor plate and 
tool steel manufacturers; the latter, especially for copper, 
tin and zine alloys (besides nickel and britannia metal). 
The usual proportions of added manganese for bronze and 
nickel is 2 per cent. 

The production of corundum is, finally, another branch of 
the process. It is known as “corubin,’ and is a peculiarly 
hard and sharp form of emery, the applications of which are 
numerous and well known. . 


Demonstration of Thermit Process in America. 


The accompanying illustrations, Figs. 3, 4, 5 and 6, show 
the apparatus used in a recent demonstration of the thermit 
welding process at the hydraulic works of Henry R. Worth- 
ington, in South Brooklyn. The demonstration was under 
the direction of Clarence B. Schultz, American representative 
of the Allgemeine Thermit Gesellschaft. The crucible 
used in welding of rails noted in Fig. 3 was filled with about 


Fig. 8. The Crucible and Mold ready for Butt-welding Steel Rails. 
Fig. 4. The reaction during which Alumina Oxide and Thermit Metal 


are produced. 

molten iron is poured onto the broken surface, and thermit 
added at the rate of about 30 pounds to the superficial foot. It 
is ignited with the help of ignition powder, except in the 
case of hot liquid steel, the best of which is in itself sufficient 
to effect the ignition. Cast iron or steel in sufficient quanti- 
ties to form the new boss are then added and well stirred. 
Cast iron can be united with steel, and steel with cast iron. 

The process is also used to superheat, as well as to render 
extremely fluid, both steel and cast iron by adding between 1 
and 6 per cent. of thermit, according to requirements. 

In addition to thermit as described above, Dr. Goldschmidt 
has found that specially advantageous results can be ob- 
tained by a combination called “Titan thermit.” This is 
added to cast iron in the ladle, where extra tough, fine- 
grained iron for cylinders, etc., or malleable iron is required. 
It also tends to increase the fluidity of the run. The quan- 
tity required varies from 0.25 to 1 per cent. The process has 
also the advantage of producing certain metals for alloys 
in a very pure state and free from carbon. So far this 


Fig. 5. Another View of the Crucible showing the Tripping Lever. 
Fig. 6. Reaction in an open Crucible for Top Pouring. 


16 pounds of thermit and a small quantity of superoxide of 
barium placed on the top and started with a match. Imme- 
diately the most marvelous chemical reaction (Fig. 4) took 
place, raising the mass to a white heat, the aluminum slag 
floating upon the thermit iron. The iron was tapped off 
from the bottom, passing into the mold below and melting 
the steel rails at the joint, forming a perfect weld. 

It is said that the uniting of the aluminum with the oxygen 
of the oxide of iron is so terrific that for every kilogram of 
thermit 1,270 horse power in heat is developed or about 10,000 
horse power in the welding of the two rails. 

The smaller crucibles were used for the reduction of man- 
ganese, as well as for the welding of two-inch iron tubes. The 
welding being practically perfect, a small quantity of thermit 
was started as mentioned above, the barium acting in a sim- 
ilar way to magnesium or flash light powder for starting the 
chemical reaction. Instead of running the metal first from 
the bottom of the crucible as in welding the rail above men- 
tioned, the slag was poured into the mold first from the top 
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of the crucible, thus coating and protecting the iron tubes to 
be welded from the fierce heat of the liquid thermit iron, 
by the slag. When the proper time had elapsed the tubes 
were compressed a trifle by the screws, and after the mold 
was removed the aluminum slag and thermit iron were easily 
knocked off, leaving a most beautiful weld, the junction 
being noted only by a single fine line about the tube. Con- 
tinuous hammering and bending of this tube when cold only 
produced cracks and breaks at other points than at the weld 
which was the strongest portion of the tube. 

The manufacture of manganese from manganese thermit 
was also demonstrated, and the repairing of castings by this 
process is most interesting. 


THE USE OF THERMIT FOR REPAIRING. 

To supplement Mr. Perkins’ interesting article on thermit, 
we have secured, through the courtesy of Mr. C. B. Schultz, 
three photographs just received from Hurope, showing two 
heavy marine repair jobs recently made there, by its use. 
One was the mending of a broken rudder quadrant of the 
steamer Assyria, Hamburg-American line; the other, a broken 
crankshaft of a sidewheel steamer plying on the river Rhine. 

The steamer Assyria arrived at her dock in Hamburg in the 
evening of November 27, 1902, with her rudder quadrant arm 
eracked about four-fifths of the way through. Notice of the 
damage had been telegraphed ahead so that a mold could be 
prepared at once from the blueprints of the steamer’s steering 


Fig.1. Set-up of the Crucible and Mold for removing Broken Rudder Quadrant 
of the “Assyria. 


gear. That night the arm was chipped out along the crack 
so as tc make a channel or fissure about % inch wide to the 
full depth of the crack. The opening thus made, was to allow 
sufficient body of the thermit to penetrate to the opposing 
faces to effect a perfect weld, the thermit metal remaining in 
place and acting as a connecting link between the two parts. 
The section of the arm at the break was about 4%, by 84 
inches. The next morning the arm was warmed up by means 
of two Bunsen gas burners, to a moderate temperature, and 
then the mold, which had been prepared beforehand and thor- 
oughly dried, was fitted in place. Where it fitted the arm, 
the line of juncture was closely luted with clay all around. 
The quadrant was, of course, supported so as to prevent de- 
flection when heated by the thermit, but it was not removed 
from the rudder stem, nor was any other heavy part of the 
steering gear dismantled. 

At 12 o’clock everything was ready and the thermit was 
set off in the cone-shaped crucible shown in Hiss w iieand 2, 
The crucible was set. somewhat higher over the mold than 
usual, in order to clear the crosshead on the rudder stem. 
Fig. 2 shows the thermit metal running into the mold. At 
1.30 the mold was removed, revealing a perfect job in every 
particular. At 2 o’clock the steamer was ready to sail. The 
amount of thermit used for this repair was about 200 pounds. 

The repair job shown in Fig. 3 was accomplished about two 
weeks before the repair to the Assyria. The crankshaft of one 


MACHINERY. B45 


of the large Rhine sidewheel steamers belonging to the firm 
of Schurmann Sohne in Ruhrort, was cracked close to the 
crank. The shaft at this point is about 13%, inches in diam- 
eter and was cracked nearly one-half way through. In this 
case, also, the metal was chipped out at night, making a fis- 
sure about 114 inches wide for the entrance of the thermit 
between the two faces of the crack. The mold had been pre- 


pared beforehand from a hand sketch so that it was all ready 
when the charnel had been chipped out. 


The shaft was 


Fig. 2. Pouring the Thermit into the Mold. 


tightened down in its bearings and propped up, to prevent 
deflection and imperfect alignment. The next morning a ring 
of thermit 2 inches by 4 inches was cast around the shaft, 
making a perfect union of the parts, the time required for the 
actual operation being about one minute. The steamer went 
on her regular trip the same day the shaft was repaired, with- 
out experiencing any trouble from hot bearings or other 
causes. The photograph showing the repaired shaft, was 
taken after the steamer had made several trips up and down 
the Rhine. About 290 pounds of thermit were used in this 
case. 


Fig. 3. Broken Crankshaft 138 3-4 inches diameter Repaired by Thermit. The 
Ring at the left of the Crank is the Thermit Metal. 


On this side of the Atlantic Mr. Schultz has made some dem- 
onstrations of thermit possibilities, as mentioned in Mr. Per- 
kins’ article. Since welding the rail at the Worthington 
works, etc., he has successfully filled three bad blow-holes in the 
low-pressure cylinder of a large steam pump. ‘This cylinder, 
having a diameter of bore of 46 inches and a stroke of about 
40 inches and weighing something like five tons, revealed 
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three blow-holes communicating between the bore and the 
steam port, after the first boring chip had progressed a short 
distance from the end. Two of the holes were approximately 
circular and fully 4 inches diameter. The other hole was 
perhaps 114 inches wide and 7 inches long, with nearly a right 
angle bend at the center. On account of the location of the 
casting and some other considerations, the holes were re- 
paired successively on different days, one heat being made 
for each. From a superficial examination made by the writer 
after all the holes were repaired, the job appeared perfect so 
far as solidity and tightness were concerned. The molder who 
was in attendance, had had considerable experience in re- 
pairing broken and defective castings by “burning on.” He 
said that it would have been impossible to have repaired this 
job successfully by burning because of the location of the de- 
fect. The chances were that even if a perfect union was ef- 
fected, the cylinder would have cracked from unequal expan- 
sion. Thermit is so quick in its action that expansion strains 
are largely avoided. 

The cylinder was prepared by thoroughly cleaning out the 
holes so that no dirt, scale, or grease should be present and 
was locally warmed by the application of two red-hot pieces 
of iron weighing perhaps 40 pounds apiece, which were al- 
lowed to remain long enough to raise the temperature around 
the holes to, say, 200 degrees. The warming-up process is to 
prevent the thermit chilling on first contact and preventing 
a perfect union. Over the hole was set a small cast iron 
flask containing a thoroughly dried open mold somewhat 
larger than the hole, and a gate communicating with the 
bottom. The mold was luted around the edge with clay So as *0 
prevent escape of the molten metal. 

The operation of setting off the thermit is simple, i. é., 
merely igniting the superoxide of barium powder with a 
match, the sheet iron cover being removed for the purpose. 
The cover, which is then replaced, has a hole in the center 
to allow the escape of the gases, and to allow the reaction to 
be watched, which must be done through the medium of color- 
ed glasses. After the reaction has reached the critical point 
as determined by the sound emitted, the tripping lever is 
forced upward and to one side, allowing the metal to flow 
into the mold. In this case as soon as the metal had chilled 
sufficiently, the mold was pulled off out of the way and the 
metal pounded down with a hammer to close up the surface 
and to remove some of the superfluous portion projecting 


above the bore. 
* * * 


WESTINGHOUSE ON AMERICAN METHODS. 


On the night of January 9th, at Claridge’s Hotel in London, 
George Westinghouse entertained at dinner a large company 
of British railway managers, financiers and scientists, among 
the latter being Lord Kelvin. In response to a toast proposed 
by Lord Kelvin (formerly Sir William Thompson), Mr. West- 
inghouse made a speech in which he spoke at length on Amer- 
ican methods. He referred first to the difficulties he encoun- 
tered in the early days of the airbrake when it was being in- 
troduced in England. He had much difficulty in getting the 
English railway managers to discard the wooden brake shoes 
then used and substitute cast iron shoes instead. In speaking 
of American methods he explained that the searcity of labor 
in America had been largely responsible for the wonderful 
progress made in labor-saving appliances, and in this connec- 
tion he said in part: 

“In America, however, we have always been short-handed 
with regard to labor. We have been obliged to find methods 
whereby one man may accomplish the work of two or three 
men as compared with your practice here. We have had the 
best men from Europe: Englishmen, Germans, French, every- 
body—skilled men, highly trained men, as well as laboring 
men; we have combined their experience with our own, coupled 
it with our necessities, and have thus accomplished results 
unattainable in a country like this where you have more labor 
than you can well keep employed. 

As an illustration of what has been accomplished by the use 
of electricity in a great industry, I may cite the Homestead 
Mills of the Carnegie Company. Mr. Schwab, whose name is 
well known to you, is a genius in his way, particularly in the 
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management of men; he is a master in organizing and directing 
men. Mr. Carnegie believed in him, and if Mr. Schwab made 
a suggestion in regard to the use of new appliances, even if it 
involved the tearing down of an old mill and putting up a 
new one, the new one was ordered. What Mr. Schwab thought 
should be done, was done. As a result of such progressiveness, 
we may see the splendid mills at Homestead where they pro- 
duce with about 4,000 men three times as much steel as the 
Krupp works produce with 15,000 men. The results are sim- 
ply wonderful. You can start there to-day, in a building con- 
taining steel-melting furnaces, and you will there see three 
men mounted on a car with the charging apparatus which is 
moved and operated by electricity. With a few movements of 
this ingenious contrivance three men charge twenty furnaces, 
which, prior to the use of electricity, would have required the 
labor of over 200 men. 

“You may go into the yard of the Homestead Mills where 
they pile the metal in stock. This yard is covered by a Sys- 
tem of overhead cranes, and the result is that not only here, 
but in the mill, and in every other place, you may see great 
weights lifted and many undertakings going on without a 
single man exerting himself a bit—working not half as hard 
as I am working now. (Laughter). 

“T took some English friends to Homestead. Mr. Schwab, 
after guiding us through several departments, said: ‘I will 
now show you where we turn out 750 tons of plate girders per 
day.’ The mill was in the shape of an ‘L.2 We went into the 
short end of the ‘L’ where the furnaces were fed by natural 
gas, of course requiring no stokers. The end at which we 
entered had a rather low roof, and there was in sight a con- 
trivance like a battering ram in front of the furnaces; two 
workmen were sitting down eating their dinners near by; no 
one else was present. I thought: ‘Mr. Schwab has made a 
mistake; he has asked us to see a mill that is not in oper- 
ation. But we went through the mill, which was about 200 
feet long; and suddenly we heard a rattle and then saw a 
truck approaching, loaded with a big ingot. No one touched 
the truck or the ingot. The load came to a platform, the 
crane overhead dropped a pair of tongs and quickly put the 
ingot on the roller table, and as it moved along to the great 
rolls, it was automatically kept in place. The adjusting 
screws of the rolls were turned by little electric motors, and 
not a man in that house did a bit of work. It was just as 
easy aS what you are doing now—looking on! (Laughter). 
We went back to the furnaces. There was a fifteen-year-old 
boy seated in a little place called the ‘pulpit. He was able, 
merely by the movement of levers, to open at will any of the 
furnace doors and move the car along. And we saw this 
car come in front of a furnace and the charging machine ap- 
proach, and take out of the open furnace a hot ingot which 
was dropped on the car and moved off to its work. There was 
this boy doing absolutely no hard work, and his mill was 
turning out 750 tons of steel plate each day. My English 
friends said: ‘England has no chance in competition with 
such methods.’ 

“Now all this sort of thing came about in America because 
of our necessities. We hadn’t men enough to do our work. 
There was a premium in favor of those who could invent ma- 
chines to work and thus supply the deficiency. 

“At the Carnegie Mills we went to see three blast furnaces. 
They were making 1,800 tons of pig iron in twenty-four hours. 
We saw only two or three men on a truck which was moved 
automatically. These men were letting the ore run from 
chutes and mixing it in the required quantity, and when they 
had filled a truck, it was carried up and its contents dumped 
into a furnace whence it returned for another load. They 
were running the metal into an immense receptacle into which 
the metal from all three furnaces was mixed. From this 
place the metal was taken as required, put into a special tank, 
mounted on a car and taken to Homestead, two or three miles 
away, to be poured into the furnaces; one heating only was 
required.” 

* * * 

On January 29 the Empire State Express, on the New York 
Central, established a new speed record. It covered the dis- 
tance from Palmyra to Macedon, N. Y., 7.29 miles, in four 
minutes, or at the rate of 109 miles an hour. 
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SHOP CONSTRUCTION.—6. 


HEATING THE BUILDINGS. 
Oscar E. PERRIGO. 


The construction of our several buildings being now com- 
pleted and all arranged with proper consideration of the exist- 
ing conditions and the expected circumstances by which we 
shall be governed, it is necessary that we should arrange for 
their proper and efficient heating and lighting. In this article 
the first of these questions, that of heating, will be considered. 

There are many systems of heating buildings, among which 
are: By means of exhaust steam or. of live steam, in lines 
of pipe arranged overhead or along the walls; by coils or 
radiators; by hot water utilized in a similar way; by air 
heated by furnace 


arrangements or by contact with pipes 


a 


Fig. 3 
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Elbow and Divided Pipes. 


through which steam flows. All these systems have their 
good and bad features, both as to their warming qualities 
and their cost, as well as the expense of operating them. The 
hundreds of feet of steam pipes, with their numerous fittings, 
furnish so many opportunities for leaks, and special arrange- 
ments must be made to keep them clear of water. The dis- 
tance from the boiler to the further end of long systems fre- 
quently requires much time to force enough steam to these 
points to warm the rooms so that they will be endurable to 
workmen. The hot water system works slowly and the tem- 
perature of the surrounding air rises gradually, so that the 
hour for beginning work in the morning must be anticipated 
by such a length of time as to be a serious drawback to com- 
plete success. The hot-air furnace gives air from which 
much of the moisture is evaporated and which is therefore 
unwholesome, aside from the fine dust so often brought along 
with it. In all these systems heating is the only end gained, 
ventilation being left largely to chance. 

The ideal system of warming and ventilation would seem 
to be that in which fresh air, warmed by steam heat, is dis- 
tributed by a suitable mechanical process, as evenly as pos- 
sible to every part of the building, in which this can be 
done in the shortest time (as in most shops the heat is not 
maintained during the night except at sufficient temperature 
to prevent freezing of water pipes, etc.), and in which cold 
air may be readily introduced whenever needed. This seems 
to be best accomplished by drawing fresh air from without the 
building, passing it through a heating apparatus consisting 
of an iron case containing a large number of steam pipes, 
and, by means of a fan and suitable pipes, distributing this 
warmed air to every part of the building by numerous out- 
lets. The whole should be controlled by proper dampers, by 
which a due proportion of warm and cold air may be fur- 
nished as needed, so that proper ventilation as well as warm- 
ing may always be maintained. 

In the warming of such large buildings as those under 
consideration it is not necessary to draw cold air from the 
outside atmosphere to any great extent. The number of 
cubic feet of air contained in the building is largely in ex- 
cess of that required for each person; and, moreover, cold 
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air comes in through frequently opening large doors, while the 
swinging windows at the roof may be opened when necessary 
to permit the vitiated air to pass out, thus providing ample 
ventilation. Many pages might be written on this subject 
but space permits only a few general requirements which 
are practically indispensable, and may be summed up as fol- 
lows: 

The heating apparatus should be located near the center 
of the building so as to distribute the warm air to all points 
with the least amount of piping. 

Openings should be so arranged as to be not over 30 feet 
apart, and to open toward the outer walls of the building. 
They should not be less than 8 feet above the floor, nor less 
than 5 inches diameter, and usually incline downward at an 
angle of about 10 degrees. The aggregate area of openings 
should exceed the area of the main pipe at the fan by about 
25 per cent. About 6 square inches area of openings should 
be allowed to every thousand cubic feet of space contained in 
the building—or room, where the building is so divided. The 
velocity of air should not be less than 1,500 feet per minute, 
and a sufficient quantity should be supplied to change the 
air every 15 to 20 minutes. 

The pipes are preferably circular, as less material is re- 
quired to make them of this form; furthermore, the circular 
pipes are stronger, and there is less friction of air in passing 
through them. For instance, a circular pipe 5.65 inches in 
diameter will have an area of 25 square inches and its circum- 
ference will be 17.88 inches. A square pipe 5 inches each 
way will also have an area of 25 square inches but the sum 
of its four sides will be 20 inches. A rectangular pipe 2 x 
12.5 inches will be of equal area but the sum of its sides will 
be 29 inches, or about 1.6 times greater than the circular 
pipe. 

Nevertheless it often happens that square or rectangular 
pipes are necessary, on account of lack of space. When such 
is the case this area of cross-section must be increased ac- 
cordingly, so as to avoid undue friction. Galvanized iron is 
the most desirable material for these pipes and is almost 
universally used where pipes separate from the building con- 
struction are employed. In factory buildings having several 
floors, proper flues and air ducts are arranged in the walls, 
and in the basement, where the heating apparatus is usually 
located. 

In constructing pipes several important rules must be ob- 
served. In making a change of direction of 90 degrees the 
elbows should be made of not less than five pieces, and the 
radius of the inside of the bend should not be less than the 
diameter of the pipe, as shown in Fig. 1. 


Fig. 4. Branch leading from Main Pipe. 


Where a main pipe is divided, the construction should be 
as shown in Fig. 2, the pieces A A being the frustum of a 
cone whose diameter at the base and whose height are equal 
to the diameter of the main pipe, and whose smaller end is 
equal to the diameter of the branch pipe, as shown in Higwaoe 
This pipe is then cut to the proper form to fit its counter- 
part, as shown in Fig. 2. 

Where branches are taken off from a main or leading pipe 
they should be so arranged as to leave the larger pipe at an 
angle of not over 45 degrees, and the inside radius should be 
not less than their diameter, as shown in Fig. 4. The con- 
traction of the leading pipe, due to the taking off of this 
branch should be made by the next sheet, the sheets being 
usually 30 inches wide. This reduction of area should not be 
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quite as much as the area of the branch pipe. The further the 
air travels from the fan, the less force it has, and this should 
be compensated for, as far as may be, by slight allowances in 
area as the various branches are taken off, bearing in mind 
that this allowance should finally lead up to 25 per cent. 
excess of outlet areas over the area of the main pipe at the 
fan. 
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closely to the pipes as may be, in order that all air which is 
drawn through may come into close contact with the heating 
surfaces of the pipes. 

It is customary to allow one foot of 1-inch pipe, or its 
equivalent, to each 100 to 150 cubic feet of contents of the 
building to be heated, when all the air is taken from out-ot- 
doors. In the case under consideration with one-half or 
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Fig. 5. Cross Section through Machine Shop. 


In offices and comparatively small rooms the outlets are 
usually in the form of rectangular registers placed in the side 
walls near the ceiling. The area of these should be from 
two to three times the area of the pipe leading to them. 

Fig. 7 shows the plan of the arrangement of the heating 
system of the machine shop and Fig. 5 a cross-section of the 
same, giving the diameters of the pipes at various distances 
from the heaters; and the number, direction, diameter and loca- 
tion of the openings, not only for the machine shop proper 
but for the carpenter shop, wash rooms, etc. 

The heating apparatus consists of a rectangular iron case 
containing a large number of steam pipes of practically U- 
shaped form, inverted and connected to a cast-iron base in 


more of the air from within the building the higher figure 
would probably be ample. At the end opposite the fan are 
located dampers for regulating the amount of air supply. 
One of these may be connected with a cold-air duct from out- 
of-doors, where necessary. 

Referring to Figs. 5 and 7 the location of the apparatus is 
seen to be in the gallery floor, near the center of the building. 
The fan has two discharge openings, one downward for warm- 
ing the side wings of the first floor, and one at an upward 
angle for the same service on the gallery floor. The return- 
ing currents of air flow into the central portion of the building 
and warm that portion in their upward course. 

Two sets of apparatus are used, for the reason that the 


(js 
= 
819 
: [eee ea aed 
iN 1 
1 H ; 
1 AF 14 
+0 1S) 
oye Ne tl Ne Al (= SS SS 
eter 1! 
a 
D — — 1—t ii 
9 | 24” 
TE STSESSRIIIE ae ee So 
= i) vl SS Pa 
=| ~ / 7 >~ ao, 
| S ¢ ! 7 | wes See 
iS iva) Pa ' a ! A } ei =< 
| # ee Le jee : =S 
BN 4 , 10 OPENINGS 
2 ot i R oa 
= | 


|e—_4 


ICES VIA AA AAA = 


TA ATLA ATVI TT 


Industrial Press, N. ¥. 


Fig. 6. Cross Section through Foundry, Cupola Platforms, Etc. 


such a manner that one leg of the pipe connects with the 
space through which the steam is admitted and the other leg 
connects with the space from which the drip is taken. These 
pipes should be located as close to each other as practicable, 
the rows of pipes being set “staggering” so as to break up the 
currents of air; and the casing which surrounds them and 
connects with the inlet of the fan should also be formed as 


traveling crane over the central portion of the shop prevents 
convenient connections between the two sides; and further, 
that the space to be heated is so large that the questions of 
convenience and economy are best met by this arrangement. 
The apparatus on the side nearest the power house will re- 
quire a fan with a wheel, say 100 inches diameter by 52 
inches wide, and running at about 185 revolutions per minute. 


March, 1903. 


- 
ou 


om. J2 


a a ee ee a 


~ 


= 


~~ 


me A 


& 


ee ee eee eee 


\ 


rn 
— 
4@-—-=~- ~~~ ---------g--~----- 
“ 
o 


SHOP 
9" 100 x 375 


ree eo a at 


w 


i] 
ee 


——22 ~~ ——~— 5g -- gy --- eS 


Pg ms Ea 


cd 
SATECRY, { WASH ROOM 


CONNECTION | j 


7136" 12” 


oo 
bo 


co 
=) 


nw 
a 


CARPENTER 
26 


~w 
pa 


_ 
Mm: = > 
—§--—=———--g------—-§----—-- 


SONINAdO, IL 


=-_--- 4 — —----———-—-  —__---- 8 ——---—-----_---8—--- --- 


_ 
Crs 


Fig. 7. Heating System for Machine Shop. 


This will supply from its downward opening the pipes for 
the main floor, including that leading to the carpenter shop 
and to the wash room on the first floor; and from its upward 
opening it supplies the pipes from the gallery floor, including 
one for the wash room on the second floor. The apparatus 
on the opposite side of the shop should have a fan with a 
wheel, say 90 inches diameter by 48 inches wide, running at 
about 205 revolutions per minute. The pipe connections are 
similar to the first apparatus, except that there are no long 
branch pipes to be provided for. Hence, while a 36-inch pipe 
is necessary for the side toward the power house, in order to 
warm the carpenter shop and the wash rooms, one of 29 
inches diameter will be quite sufficient for the opposite side. 
It should be said that the dimensions given on the drawings 
are from actual calculations, taking into consideration all the 
circumstances of the form and dimensions of the buildings, 


and they will probably be found correct in practice as in 
theory. 


Industrial Press, N.V. 


MACHINERY. 349 


T|FANIZ 
| jl | |mearer WASH 
I 3 w.c.| ROOM fj 
30 = = 10 OPENINGS = 
| = S 19 29 > Y 8X 24 
i w a es s a [J 
' | 
F 24 FOUNDRY 85 x 150 
ll i 
Ss i w i a ii 
i me “S BE % =o 
1 10 OPENINGS 
: uw 
| 
- = Laced 
10" 


CHIPPING AND PICKLING 
ROOM 


| 30 X 60 


Tndustrial Press, \. TV. 


Fig. 8. Heating System for Foundry. 
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Fig. 9. Heating System for Offices, Etc. 
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Fig. 8. Longitudinal Section through Offices, Etc, 


The openings for the discharge of warm air into the build- 
ing are directed toward the outer walls and downward at an 
inclination of about ten degrees. This arrangement is clearly 
shown in the drawings, Figs. 5 and 7. 

The pipes should be well riveted as they are put up and 
securely fastened so that they may not be loosened by any 
jarring or vibration, either of the building, or that caused by 
the pressure of air passing through them. 

The fans may be driven by an electric motor or by an en- 
gine attached to each fan; or, if preferred, by belts from the 
main line of shafting. Any of the these methods is efficient 
and has its particular advantages. If an engine is used, the 
large fan will require it to be of about 27 horse power and 
that for the other fan should be of about 20 horse power. 

Live steam being used for heating, the large apparatus 
will probably require a supply pipe of 6 inches in diameter 
and the smaller one of 5 inches. The apparatus should be 
so constructed that a section of it may be separately con- 
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nected for using the exhaust steam from the fan engine. In 
the same way the exhaust from the main engines of the 
works may be utilized and thus save a considerable portion 
of the live steam required. In arranging for heating the 
foundry, different conditions are met with. With the excep- 
tion of the chipping and pickling room heat is required hardly 
more than half the time, that is, during the forenoon, and 
perhaps for an hour or more after the dinner hour, as the 
heat from the cupolas is considerable. 

The general plan of the system is the same as that em- 
ployed in the machine shop. The apparatus requires but little 
room on the floor and consists of a fan having a wheel about 
78 inches in diameter and 24 inches wide, running at about 
400 revolutions per minute and will require about 6 horse 
power to drive it. 

An arrangement of pipes can, of course, be made whereby 
the chipping and pickling room could be warmed independent- 
ly of the foundry proper, but it would probably not be neces- 
sary. Figs. 6 and 8 show the arrangement of the foundry 
system of heating, with diameters of the pipes and openings. 
It will be preferable to run this fan by an electric motor or a 
small engine and since these fan blowers for heating pur- 
poses are now made with simple and compact engines at- 
tached to them, which require very little attention, aside 
from starting, stopping and oiling up, they are very con- 
venient in such situations. It is always important to have 
the heater as near the space to be warmed as possible. 

The office building, including the pattern shop, drawing 
room and tool department, is heated by an apparatus located 
in the tool room and forming a separate system. Fig. 9 gives 
plans of the first and second floors and Fig. 10 a longitudinal 
section through the building. A heating apparatus of the 
same size and capacity as that used in the foundry is em- 
ployed. It may be driven by a separate engine, or a motor, 
or belted from the shaft which drives the machines in the 
tool room. This latter plan is probably the best, since the 
power is convenient, and the first cost may be lessened with- 
out sacrificing any desirable feature in another direction. 

The system of piping is clearly shown in the illustration 
and needs little explanation. The main pipe passing through 
over the driveway must be amply protected, preferably by 
being encased in a wooden box several inches larger than 
itself, the space being filled with sawdust or similar material; 
and this again is covered by another box large enough to 
leave an air space of about 3 inches between the two, on all 
sides. 

For the office rooms the pipes may be of rectangular form, 
concealed by suitable architectural finish of the ceiling, in 
which lateral openings for registers may be made. Or, 
proper air ducts may be formed in the side walls and the 
registers placed at suitable intervals. Or, again, the pipes 
may be carried around inside the walls, close to the ceilings, 
and registers located in the same manner. There may be for 
this system the double-duct arrangement. That is, two sets 
of pipes or ducts, one carrying cold and one warm air, the 
registers being so arranged that they will furnish one or 
the other, or a mixture of both, by means of what is techni- 
cally known as a “mixing damper.” 

In offices and rooms of moderate size which are heated 
by warm air being forced into them near the ceiling, it is 
usual to provide means of escape for the air as it cools and 
descends to the floor, through grated openings placed two or 
three feet from the floor, and connected with flues or ducts 
leading to the roof. But in offices where doors are frequently 
opened this does not seem to be necessary, the matter of venti- 
lation being of small consequence compared to that of heat- 
ing. 

The forge shop and various other buildings require no 
special arrangements for heating. The water closet rooms 
may be warmed sufficiently by providing grated openings in 
the wall dividing them from the boiler room. They should 
be near the ceiling, on each floor. 

The question of proper temperature of shops where men 
are at active work should be considered as quite different 
from providing for heating a factory where the work it us- 
ually much lighter, the number of employees per hundred feet 
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of floor space much greater, and frequently a large propor- 
tion of them females. In a machine shop devoted to a 
medium class of work, a temperature of about 60 degrees 
will be found generally comfortable to the majority of the 
men. We have known of shops where the temperature seldom 
went above 50 degrees in cold weather, and there was no com- 
plaint. The former figure will, however, be more satisfactory. 
The temperature in the store room, tool room and pattern 
shop will need to be about 65 degrees and in the drawing 
room and offices, between this and 70 degrees. Unless the 
ventilation is very carefully attended to, there is more danger 
in having these latter rooms too warm than not warm enough, 
and any system of heating which does not recognize the im- 
portance of good and thorough ventilation is radically wrong 
in both theory and practice. 


* % * 


THE MANUFACTURE OF METAL-WORKING 
MACHINERY. 

Census Bulletin No. 247 contains some interesting statisti- 
cal matter, by Edward H. Sanborn, on the manufacture of 
metal-working machinery. He says the appearance of Ohio 
as the leading state in the manufacture of metal-working 
machinery points to one of the interesting phases of the 
development of this industry during the past ten years. 
Within this decade there has been a marked tendency toward 
specialization, particularly among the new establishments 
that have started business in recent years. Most of the 
older manufacturers of machine tools, whose business runs 
back for twenty or thirty years, produce a variety of ma- 
chines, in some cases embracing nearly everything required 
for the equipment of a new shop. In late years, however, 
manufacturers starting in this branch of industry have very 
generally limited their operations to the production of a 
single type of machine, or at the most to one class embracing 
tools of similar types. For example, there are large estab- 
lishments in which nothing is manufactured but engine 
lathes; other works are devoted exclusively to planers, while 
in others, milling machines are the specialty. 

This tendency has prevailed in Cincinnati, perhaps, more 
than in any other city, and has been one of the characteristic 
features of the rapid expansion of the machine-tool industry 
in that city during the past ten years. During the census 
year there were in Cincinnati 30 establishments devoted to 
the manufacture of metal-working machinery, almost exclu- 
sively of the classes generally designated as machine tools, 
and their aggregate product amounted to $3,375,436. In seven 
shops engine lathes only were made, two were devoted exclu- 
sively to planers, two made milling machines only, drilling 
machines formed the sole product of five establishments, and 
in three shops shapers only were made. Several other manu- 
facturers made two or more of these classes of tools, but 
for the most part the industry was very strikingly specialized. 
Cincinnati manufacturers made during the census year 3,924 
engine lathes, out of a total of 12,089 for the entire country, 
or almost exactly one-third of the whole number. Out of 
3,076 slotters and shapers made in the United States, 1,019, or 
nearly one-third, were made in Cincinnati. There were also 
made in the same city 816 milling machines and 1,622 drilling 
and boring machines. 

Philadelphia is one of the largest of machinery centers; 
eleven establishments reported an aggregate product of metal- 
working machinery valued at $3,095,574. These products in- 
clude a wide range of tools with less of the specialization 
than is characteristic of Cincinnati and other localities where 
the industry is of more recent growth. 

Providence, R. I., ranks third in the manufacture of metal- 
working machinery, the product of fourteen establishments 
amounting, during the census year, to $2,929,141. Here, again, 
the industry is diversified rather than specialized. A large 
amount of automatic and semi-automatic machinery, such as 
screw machines, turret lathes, and gear cutters, and also 
milling machines of various types, are made in Providence, 
and these might be said to be the chief characteristic of 
the industry. 

Hartford, Conn., stands next to Providence, and shows 
about the same features in the machine tool trade, with a 
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wide range of products, among which automatic and semi- 
automatic machines might be mentioned as most significant. 
During the census year eleven establishments in Hartford 
reported the production of metal-working machinery to the 
value of $2,796,935. 

Worcester, Mass., is another important center for the manu- 
facture of machine tools, with much of the same specialization 
that is manifest in Cincinnati. Twenty-four establishments 
reported for the census year products aggregating $2,009,357 
in value. Engine lathes are one of the specialties in Wor- 
cester, and of these 2,667 were made during the census year. 
These, with the 3,924 made in Cincinnati, embrace more than 
one-half of the entire number of engine lathes made during 
the census year. Drilling machines of various types, particu- 
larly small sizes, are another important item in the Worcester 
products, 4,552 of these having been made during the census 
year. 

While New York and Chicago are large distributing centers 
for machinery of every description, they do not figure promi- 
nently in the manufacture of metal-working machinery. The 
five large centers of the metal-working machinery industry 
which have been mentioned represent about one-third of the 
entire output of this class of machinery. The balance of 
the product comes from many cities, and also from a consider- 
able number of small towns where there is a single establish- 
ment, usually making only one type or class of machines. 


* * & 


THE HISTORY OF ELECTRIC RAILROADING. 


In a contribution to the Technology Quarterly upon Long- 
Distance Railroading, Prof. Louis Duncan gives an historical 
sketch of the early development of electric railroads, from 
which the following is taken: 

Prior to January, 1888, although experimental roads had 
been built and were in operation in England, Germany, and 
the United States, yet they were not on a commercial basis, 
and did not offer any advantages over the then existing trac- 
tion methods. At that time a road was opened in Richmond, 
by the Sprague Hlectric Railway & Motor Company, which 
in all essential particulars embodied the methods now used. 

Mr. Frank J. Sprague graduated from the Naval Academy 
in 1878. While there he paid especial attention to electricity. 
I remember him distinctly, as captain of my gun crew at the 
school. For not reporting me as often as he might, he earned 
an esteem which twenty-four years of close association has 
failed to weaken. After graduation, Mr. Sprague spent six 
‘ or seven years in the service. He was ordered to special] 
duty at the Paris Exposition of 1881, and had a tour of duty 
at the Torpedo School at Newport. He resigned in 1885, and 
with Mr. E. H. Johnson, then President of the Edison Company, 
formed the Sprague Electric Railway & Motor Company, the 
object being to develop the application of motors, more especi- 
ally for traction work. An experimental car was equipped 
and operated on a small spur of the elevated road. In the 
latter part of 1886, a contract was hastily closed for the equip- 
ment of the Richmond roads, and preliminary work was be- 
gun at once; but when the actual condition of affairs was in- 
vestigated, it was found to be a much more difficult problem 
than was at first supposed. 

The railroad company had stated that the maximum grade 
was from 6 to 7 per cent.; in reality, there were grades as 
high as 10% per cent. The tracks were badly laid in streets 
that were unpaved and muddy, and there were a great many 
curves of a very short radius. However, the work was pushed 
forward, and the road was formally opened in January, 1888. 
As I have said, all the important features of modern electric 
cars were contained at one time or another in this first road. 
Series motors were used, with a voltage of approximately 500 
volts at the motor terminals. A successful under-running 
trolley was developed, a series-parallel control was at first 
used, and then for reasons which at the time were good, was 
discarded. A single reduction gearing was at first employed, 
but afterwards changed to double reduction gearing. The 
only important feature that did not appear at one time or 
another in these motors was the use of the carbon brush, 
which is essential to the successful operation of continuous 
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current railroad motors; this was experimented on, but was 
discarded, because of the indifferent quality of the carbon 
used. 

On the day that the road was opened, there had been a 
heavy frost, and mud from the streets had accumulated on the 
tracks and frozen, the consequence being that there was no 
ground circuit at times. When the current was made by 
getting out and pushing the cars until they struck a clean 
rail, the inexperienced motorman as a rule had the controllers 
full on, and a number of motors were burned out. The 
brushes consisted of pieces of brass, set very much as the 
carbon brushes are now set; the average life of the commu- 
tator was not more than two weeks. On the first day twenty 
equipments were burned out. For some months the opera- 
tion of the Richmond road was attended with great difficulties. 
The motors were not heavy enough for the work; the brushes 
gave an immense amount of trouble, and the roadbed itself 
was not fit for heavy traffic. These difficulties were gradual- 
ly eliminated, and the new roads contracted for, took ad- 
vantage of the experience gained. 

The development from the early Richmond experience has 
been in the direction of making heavier and better motors, 
of using carbon brushes, and a series-parallel control. The 
essential parts of the system are, however, adhered to. 

As the economy and capacity of electric equipments in- 
creased, the city roads were pushed further into the suburbs, 
and finally roads were built from cities to outlying towns 
and between cities. This movement is now probably at its 
maximum; a great number of interurban and suburban roads 
have been built and more are under construction. The inter- 
urban railroad system is simply an extension of the city 
tramways. The same system is used with the few modifica- 
tions necessary for the much heavier cars and the much 
higher speeds required outside the limits of towns. 

On some of the interurban roads very handsome and heavy 
cars are used, fitted out very much as steam cars are, and ap- 
proximately of the same size, with speeds up to as much as 
60 miles per hour. In fact one road is building special cars 
which will attain a maximum speed of 75 miles an hour, and 
make a schedule speed of 60 miles an hour. 

When electric roads operated within a short radius, it was 
the custom to have a central station where the voltage was 
approximately that intended for use on the cars, and to dis- 
tribute directly from feed wires connected at the station and 
to the trolley wire. When the distances became greater, a 
number of stations employed “boosters” for the outlying 
districts, the voltage being raised at the station to such an 
amount that the loss of potential in the feeders would be 
neutralized, the voltage in the outlying districts being the 
same as the voltage in the station. When the radius became 
still greater, as in the case of interurban roads, neither of 
these systems was applicable, and it is the custom now to 
distribute, when the distances are considerable, by a high 
potential alternating current, which, at certain points along 
the line, is reduced in voltage and changed to continuous 
current by means of rotary converters. This continuous cur- 
rent has a voltage of from 500 to 600 volts, and the operation 
from such a sub-station is similar to the operation from an 
ordinary central station. The advantage of this system is 
that it allows a very considerable length of line to be oper- 
ated from a single station, thus giving economy in the genera- 
tion of the power, while it does not interfere with the direct 
current system of operation on the cars. The disadvantages 
are in the cost, the losses, and the attendance in the sub- 
station. If the service is frequent, the average load on the 
sub-stations will be fairly constant, but where the service is 
infrequent, then the load factor of these stations is very low. 
This has in a great many cases been remedied bv vutting 
storage batteries in the sub-stations and running the rotary 
converters at a constant load, the fluctuations being taxen up 
by the storage battery. 

* * * 


With the development of wireless telegraphy, it is predicted 
that daily newspapers will become as common on ocean liners 
as in our streets and that a man in need of an ocean voyage 
and rest from the affairs of the world will have to retire to 
a “tramp” steamer. 
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shop matter—price $1.00; and the Foreign Edition, which comprises the same 
matter as the Engineering butis printed on thin paper for transmission abroad— 
price $3.00 a year. 


REMOVAL NOTICE. 

The business and editorial offices of THE INDUSTRIAL PRESS 
have been removed to 66 West Broadway, corner of Murray 
Street, one block from the former location, where larger ac- 
commodations have been secured, which have been made 
necessary by the increasing needs of our business. 

* * * 


THERMIT AND ITS POSSIBILITIES. 

Within the past two years we have published two or three 
brief accounts regarding thermit and the wonders that have 
been accomplished by its use in Europe. On another page 
of this issue Mr. Perkins gives an extended account of ther- 
mit, and. illustrates a recent demonstration made at the 
Worthington works in South Brooklyn. This article is sup- 
plemented by accounts of recent marine repairs made abroad, 
and one regarding the repair of a large defective steam pump 
eylinder at the Worthington works, which was made in the 
presence of an editorial representative. In view of the ex- 
traordinary work that is done by this strange compound, we 


have thought fit to give it considerable space and attention, . 


believing the subject to be one of great general interest. 

Thermit is the result of the investigations carried on prin- 
cipally by Hans Goldschmidt, of the well-known chemical 
firm, Th. Goldschmidt, Essen-Ruhr, Germany, in the inter- 
ests of the Krupps, who were concerned in obtaining carbon- 
free chromium necessary in certain steel manufacture. It 
was discovered that finely-divided aluminum has the property 
of abstracting oxygen from some oxides including iron, chro- 
mium, and manganese oxides. All that is required when the 
aluminum and the oxide of iron and aluminum have been 
mixed in certain proportions, is that a small portion be first 
raised to a temperature somewhat less than that of melted 
steel. This is done in practice with a special powder that 
can be ignited with an ordinary flame. The reaction that 
follows is almost instantaneous. The whole is at once 
converted into a seething, boiling mass of pure molten iron, 
or more properly steel, and alumina slag, the temperature 
of the mass being something like 5,400 degrees Fahrenheit. 
So hot is it that ordinary graphite crucibles are broken down 
and made useless, a special crucible with highly refractory 
lining being necessary. 

From what the writer has seen of actual work done, it ap- 
pears that welds practically perfect can be made in wrought 


MACHINERY. 


March, 1903. 


iron, cast iron and steel whether in thin sections or in large 
masses. One of the first uses to which thermit will probably 
be put on an extensive scale in this country, and the one that 
has attracted the most attention commercially in Europe, is 
the welding together of street car rails. By this process it 
is possible to make a perfect electrical “bond,” and also make 
a joint that is somewhat stronger than the remainder of the 
rail. Rail welding, as now conducted in this country, re- 
quires the use of expensive and cumbersome electrical appli- 
ances. The process by which a mass of cast iron is poured 
around the joint to take the place of the ordinary fishplate 
and bolts requires a portable cupola and power. The thermit 
process is simplicity itself, and as many gangs as desired can 
be welding rails, without making a heavy expenditure neces- 
sary. 

The alumina slag produced by the reaction simultaneously 
with the thermit metal, is a somewhat valuable by-product, 
being chemically the same as corundum—in fact, it is corun- 
dum. The slag is crushed and used the same as natural 
corundum for the manufacture of grinding wheels. 


* * * 


TRANSPORTATION IN NEW YORK. 


The great problem that has confronted New York City for 
a number of years, and one that still plagues it, is providing 
ways and means for transporting its vast and rapidly growing 
population from their homes to places of business in the 
morning, and back again at night. These periods of transport- 
ation activity, are known as the “rush hours,’ and anyone not 
familiar with the conditions that then exist on the street cars, 
elevated railroad trains and the ferries, can scarcely conceive 
what they are. The elevated trains are usually crowded to the 
last degree, although the trains are run very closely together, 
the headway being from one to two or three minutes. This. 
system, the Manhattan Elevated Railroad, has four lines run- 
ning north and south known as the Second, Third, Sixth, and 
Ninth Avenue lines. During the Dewey celebration in 1898, 
it carried 805,000 passengers on the first day and 836,000 pas- 
sengers on the second day; yet this record, which was made on 
the occasion of a great national event, was far eclipsed De- 
cember 22, 1902, when 931,000 passengers were earried. At this 
time nothing of greater importance than the activity of shop- 
pers just before Christmas, was going on. While it is by no 
means a fair comparison it gives some indication of the great 
increase of population within the past four years. 

It is predicted, and with good grounds, that the Rapid Tran- 
sit Subway that is being pushed so as to be completed at least 
a year before its specified date, will relieve the present con- 
dition very little. The population is increasing by such leaps 
and bounds that by the time the Subway is in running or- 
der, the conditions will be practically the same as at the 
present time. The great need is for tunnels and more 
bridges that will allow of more and quicker outlets to Long 
Island and New Jersey. While the suburban population is 
already great, there is opportunity for a far greater one with- 
in a radius of ten miles, if adequate transportation facilities 
were provided. 

Bearing on this subject the statistics of New York State 
Railroad Commission are of interest. They show that during 
the fiscal year ending June 30, 1902 the surface and elevated 
roads of New York City carried 924,754,211 passengers paying 
fares. Of this number 625,547,434 were carried in Manhattan 
and Bronx and 299,206,777 in Brooklyn. These figures show 
that more than 2,500,000 passengers are carried daily on the 
different street and elevated roads of Greater New York. 
These roads have 330 miles of tracks within the city limits. 

* * * 


NOTES AND COMMENT. 

The system of heating and ventilation described by Mr. 
Perrigo in his article on shop construction this month is that 
of the B. F. Sturtevant Company, Boston, Mass. Mr. Perrigo 
writes us that the system was developed from a very small 
beginning by Mr. Sturtevant himself, who began experiments 
about 1869. At that time Mr. Perrigo was a draftsman in the 
employ of Mr. Sturtevant and made the drawings for the 
first heater, composed of an outer case filled with pipes for 
heating air by the use of steam. The first experiment was 
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with a drum, about 12 inches in diameter and 20 inches in 
length. The first plants were not for heating large buildings, 
but for dry-rooms for lumber. 

The success attending this modest beginning encouraged 
Mr. Sturtevant to broaden the scope of his plans until in a 
few years the largest and most elaborate buildings were 
thoroughly warmed and ventilated, and probably better than 
they had ever been heated before. 


Prof. Dewar says that liquid hydrogen is a colorless, trans- 
parent body having a surface tension only 1-35 that of water. 
It does not conduct electricity and is thought to be 
slightly diamagnetic, that is, it is repelled from the poles of a 
magnet. It is the lightest liquid known, having a density only 
about one-fourteenth that of water. At atmospheric pressure 
it boils at 422.5 degrees below zero F., and at 432.5 below zero 
in a partial vacuum. At this temperature the liquid soon be- 
comes a solid, resembling frozen cream, and further exhaustion 
of the pressure reduces the temperature to 436 degrees below 
zero F., or within about 24 degrees of absolute zero. The 
strong condensing power of liquid hydrogen makes it a simple 
means of producing a high vacuum, so high indeed that the 
electric discharge passes through it with great difficulty. 


In the automatic threading lathe made by the Automatic 
Machine Co., Bridgeport, Conn., a solid nut about 9 inches 
long is used in the carriage apron in place of the common 
opening nut found in engine lathes. This nut is bushed 
with babbitt and the thread is cut in the babbitt on one of 
their automatic lathes. To clear out the fins and size the 
nut it is, of course, necessary to run through a tap, but if 
a hardened tap was used for the purpose, the accuracy of 
the lead would very likely be destroyed, so a soft tap is 
used instead. The tap is made from unannealed steel and 
fluted in the ordinary manner, but is not hardened. The 
amount of metal that it has to remove is small, so the diffi- 
culty that some might anticipate from using an unhardened 
tap is not serious. 

In this shop a form of lathe tool that is largely employed 
for thread-cutting, consists of a simple holder having a set- 
screw to hold the steel cutter, which is made of round stock. 
The cutter is milled to the required width with straddle 
mills and is relieved on the side by filing before hardening. 
The cutter, having a round body, may be twisted to any 
angle required by the pitch of the thread to be cut. This often 
saves considerable grinding and fussing to get the angle of 
the blade just right, so that it will clear on the sides. 


Roller bearings have received a somewhat severe test in 
connection with the perfecting printing presses of The Provi- 
dence Journal, Providence, R. I. Roller bearings have been 
used in Providence so successfully for jewelers’ rolling mills 
and other heavy work that when a Hoe perfecting press was 
ordered for the Journal office, roller bearings were specified, 
much against the advice of the printing press factory. In 
printing, as in perhaps no other class of work, the cylinders 
which give the impression of the type upon the paper must 
stand up rigidly to their work without deflection or uneven 
motion tending to produce slurring. In fine “cut” work espe- 
cially is this necessary, otherwise the beautiful results ob- 
tained in our best illustrated magazines would be impossible. 
It is generally assumed that the journals of the impression 
cylinders must be closely fitted in their bearings, and it would 
naturally be supposed that a solid metal-to-metal contact 
would be better than where rollers are placed between the two 
surfaces. The Providence Journal has recently stated, however, 
that the roller bearings have given perfect satisfaction. The 
bearings have worn smoothly and evenly and have required 
no attention. After operating five years, inspection showed 
that neither the rolls nor the surfaces of the bearings or jour- 
nals had worn perceptibly. The press can be turned easily 
by hand, and it is estimated that there is a saving of about 
4 horse power in operating it, through the reduction in fric- 
tion at the bearings. The Hoe company now use roller bear- 
ings regularly on many of their machines, 
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NOTES OF TRAVEL. 


GAS AND OIL ENGINES IN GERMANY. 
Editor MACHINERY: 

A very complete and most ex- 
cellent display of internal com- 
bustion engines was made by the 
Gasmotoren-Fabrik-Deutz at the 
Dusseldorf Exhibition in the 
summer of 1902. The display was 
so representative of internal 
combustion motor practice in 
Germany, and so valuable, that it 
led to a visit to the works of the 
company at Deutz near Cologne. 
A cordial reception and free ac- 
cess to the entire establishment 
were granted. While passing 
through the various departments 
information was freely given 
and questions fully answered. 

In the two places, the exhibi- 
tion and the works, gas, oil and 
spirit engines for practically all 
such purposes as steam, electric 
and water motors are commonly 
applied to, were seen in opera- 
tion and under construction in 
sizes ranging from one-half horse power to 1,200 horse powevr. 
Several types of gas generators for supplying fuel to the gas 
motors were also shown in operation. The generators are 
made in different types to meet the conditions of gas making 
from soft and hard coal, and from coke. 

The first of all gas motors was in operation at the exhibi- 
tion. It is the same that was exhibited at the Paris Exhibi- 
tion in 1867, where it received the gold medal. Its capacity is 
one-half horse power. Although it is so well known, a brief 
explanation and an illustration may, nevertheless, be accept- 
able. The walls of the vertical cylinder form the lower part 
of the pedestal and frame which support the horizontal main 
shaft above and slightly to one side of the center line of the 
cylinder. There is neither crank nor connecting-rod for 
transmitting the motion of the piston to the main shaft. 
Instead of this now universally-adopted device the piston 
drives the main shaft through a gear rack attached to the 


Fig. 1. The First Gas Engine. 
Exhibited at Paris in 1867. The Pis- 
ton drives the Shaft through a Rack, 
Pinion and Ratchet Mechanism. 


Fig. 2. The First Four-stroke Gas Engine. 


Otto Cycle, Connecting-rod 
and Crank. 5 


center of the piston, after the manner of a piston rod, and 
engaging with a spur gear on the shaft. The gear is free 
to rotate in one direction on the main shaft, but drags the 
shaft with it in the opposite direction by means of a pawl 
and ratchet connection. When the piston is projected upward 
by the explosion of a charge of air and gas mixture the gear 
is rotated in its free direction on the main shaft by the piston 
rack. As the piston descends by its own weight and atmos- 
pheric pressure, it drives the main shaft. By this device no 
heavy shock is brought upon the power transmitting parts 
of the machine. The design is not suitable to large powers, 
however, and even for small capacities a large machine is 
required. 

The first gas engine with crank and connecting rod was 
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also exhibited. It is spoken of by the manufacturers as the 
“four-stroke” engine. An explosion can occur not oftener 
than every fourth single stroke of the piston in accordance 
with the now well-known Otto cycle. The type of this en- 
gine, with modifications and improvements, is still used in 
the Otto gas engine. 

The works of the Gasmotoren-Fabrik-Deutz have a floor 
space of ninety thousand square meters (about 963,000 square 


Fig. 3. Power Unit, consisting of a Suction or Inhalation Gas Generator, 
Washer and Engine. For Hard Coal and Coke. 

feet). There are about two thousand employes. Power for 
the machinery is furnished by gas motors suitably located 
about the buildings. The entire works are lighted by electric 
light, arc and incandescent. All the electric generators are 
driven by gas motors. Storage batteries are used in connec- 
tion with the incandescent lamps to secure a steady illumina- 
tion. All the lights were burning satisfactorily late in the 
evening of a winter day. There was no indication of flicker- 
ing. There are two electric plants, one in the old, and the 
other in the new section of the buildings. 

One pair of electric generators was belt-driven by a two- 
hundred horse power engine receiving gas from a gas gen- 
erating plant of the type known as the Saug-Generatorgas- 
Anlage (suction or inhalation gas generating plant). The 
necessary draft for keeping up combustion in the gas 
generator is caused by the suction of the engine as it takes 


MACHINERY. 


Fig. 4. 


Illuminating Gas Plant. 


its charge of explosive mixture. Air and steam are drawn 
into the hot coals at the bottom. The gas plant, together with 
the motor, are shown in the illustration. The fuel used when 
the plant was seen in operation was anthracite pea coal. The 
generator is adapted to both this and coke. No gas storage 
tank of variable capacity is used in connection with this 
power generating unit. The gas passes from the generator 
on the left in the illustration to the washer immediately ad- 
joining it, and thence direct to the engine. The small tank 
between the engine and washer has enough capacity to allow, 
by the expansion of the gas in it, for the sudden demands 
of the engine for fuel. The engine, by its suction or inhala- 
tion action, draws just sufficient air and steam into the bed 
of hot coals in the generator to produce the amount of gas 
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needed to meet the demands for power. Moisture from the 
washer may collect in the drum between the washer and en- 
gine. For the sake of cleanliness and absence of gas in the 
engine room, the producer and washer are placed in a room 
separated from the engine by a partition wall. A one-thou- 
sand horse power gas producing plant of the above type was 
in operation at the Dusseldorf Exhibition. 

For the utilization of the soft coals of Germany another 
type of gas generator is built. Unlike the old retort method 
ot gas production with a residue of coke, this generator con- 
sumes the coal completely, except such ash as remains from 
an ordinary fire. The arrangement of this Braunkohlen- 
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Fig. 5. Soft Coal Gas Generator, Condensers, Washer and Tank. May 
also be used for Hard Coal and Coke. 
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Generatorgas-Anlage (brown or soft coal gas generator plant) 
is shown in the cut, Fig. 5. The generator A is closed dur- 
ing the production of gas. Steam and air are blown into it 
through the pipe connected to the bottom of the shell; or air 
alone may be forced in. The gas passes from the generator 
through the condenser B, washer (, condenser D and on into 
the tank EH. The latter has a floating upper half with edges 
submerged in water. The coal is charged on through the 
hopper at the top of the generator A, and the ash removed 
from the bottom. The reservoir supplies gas to the engines 
when the generator is opened for charging and removing the 
ash, and also stores the gas during short stoppages of the 
engine. Although especially designed for soft coal, this gen- 
erator can be used for coke and hard coal. It is said that it 
will operate successfully with any coal on the continent. A 
sixty horse power. gas plant of this type was in operation 
at the exhibition and another at the works of the company. 
One of these generators will retain fire for fourteen days 
when out of service, and can be brought up to its working 
capacity in a fraction of an hour. The makers state that, 


Fig. 6. Four-cylinder Blast Furnace Gas Motor of 1000 H. P. 


with this generator, power can be delivered by a gas engine 
at a cost from two-thirds to one and a quarter pfennigs (one- 
sixth to five-sixteenths of a cent) per horse power per hour. 
They also point out that the cost of a horse power is much 
less for the gas motor than the steam engine. This producer 
is made in capacities ranging from fifty to one thousand 
horse power. 
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Fig. 7. Testing Room for Small Motors, Gasmotoren-Fabrik, Deutz. 


Many of the engines built by the firm are suitable for 
blast furnace gas. Such a one of twelve hundred horse power 
capacity with four cylinders was exhibited. Others of one 
thousand horse power each were well toward completion in the 
works. 

Gas motors forming part of direct-connected units of large 
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Fig. 8. Simple Lubricator, Positively Driven. 
capacity are in operation in several cities in Germany and 
other continental countries for electric lighting and electric 
power purposes. Stationary electric motors and electric tram 
cars are among the types of machinery supplied with cur- 
rent. The engines are also used extensively to pump water 
for city supply. 


Fig, 9, Gasoline Locomotive operating Slag Cars, 
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Liquid burning internal engines are made in forms adapted 
to the propulsion of boats, winches, fire engines both auto- 
mobile and horse drawn, traction engines for threshing ma- 
chines and portable sawmills, traction engines for haulage 
purposes chiefly, and numerous other purposes. Internal 
combustion engines for crude petroleum are included in the 
output. This type has not yet been adapted to very small 
powers, however, on account of clogging in the very small 
tube used for conveying the petroleum from the pump to the 
engine cylinder. An industrial railway with motive power 
supplied by an oil-burning internal combustion engine was 
in operation alongside another of the same size but having 
a storage-cell electric locomotive. The showing of the oil 
locomotive was very good indeed. 

All motors are tested before leaving the works. The testing 
rooms occupy a considerable portion of the plant. That for 
small motors is very completely fitted with all appliances 
necessary for convenience in making trials. 

The cylinder lubricator, an important adjunct to the in- 
ternal combustion engine, is driven by a cam on the valve- 
operating shaft which runs parallel to the length of the en- 
gine. There is a double-contact cam follower, resembling very 
closely a pair of jointed outside calipers, which straddles the 
cam. The quantity of oil supplied to the cylinder depends 
upon the amount of motion of the follower. This is regulated 
by a screw which adjusts the distance between the legs of 
the follower, just as in a pair of screw-adjusted calipers. 
This appliance is mentioned in detail for the reason that it 


Fig. 10. Erecting Room for Large Motors, Gasmotoren-Fabrik, Deutz. 


has an important feature that is lacking in the very common 
form of belt-driven lubricator, namely, positiveness of action. 
It is not uncommon to see a belt-driven lubricator stop while 
the engine is running. Any one familiar with the gas and 
oil engine knows how serious may be the result of the conse- 
quent failure of cylinder lubrication. 

The company states that there are in operation more than 
sixty-one thousand of its motors, aggregating in round num- 
bers, three hundred and twenty-five thousand horse power. 

Forrest R. JoNEs. 

London, England. 

* * * 

A writer in the Foundry who has had considerable experi- 
ence in such matters, says that defective iron castings can be 
more easily repaired by “burning” with brass than with iron. 
Less metal is required and the results average better. As 
an illustration, he quotes a cylinder that was nearly machined 
when a hole was discovered in the barrel near one of the ports. 
It was located so that it could not be plugged and to burn it 
was considered a big risk, besides there was not room enough 
inside the casting to hold sufficient iron to burn it. The cyl- 
inder was repaired quite successfully by burning the hole 
with brass. The metal used was composed of copper 16 parts, 
yellow metal 6 parts, lead 3 parts, and tin 1 part. For burn- 
ing iron it should be “jumping” hot. The metal is very fluid, 
searching, soft and easily machined, and is malleable when 
cold, so that it may be calked. 
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Industrial Press, N. &, 
Arrangement of Tools, Union Pacific Shops at Omaha. 

18. Lathe, 20 inches by 10 feet, taper attachment.......... 2% Machine Shop Gallery. 
19, Engine lathe, 80 inches by. 14 feet. ....- o..e.--5--- 25: oi i z A Motor H.P. 
20; Bagine lathe26 inches, byi12 fect. ore. tae ee oY 100. Sturtevant MAD. 2. oe cece ee ee ete tee ence teense eameee 10 
21. Bngine lathe, 30 inches by 14 feet.............ceeeeeee 2% 101. Drill press, friction, No. De alee ota tahate. © oh 6 a)ot OR nee 1 
22. Pngine lathe, 26 inches by OM featit er ta an oan 2% 102. Cutting blanking PICSS cic 6 cn ne eines os une 6, = 0 0o 1 cel meen esre Semmes ae 3 
28. Lathe, 24 inches by OSU E Trae oe ee See 2% 103. Pipe cutter, 6-inch Sheesh e6 sol ere)elp ele @ i)0) 0's (one) op a: eceaseleleueieeeielela eae 
Aa athes GOsinches= Dy altatectigea haere reer er 2% es rine. ee Pees De Coewa ae oie) 8 chtos Voie cht) soni lieaeu se Reaeaaeea aa 
DB. Lathe, 22: inches, by 12 eet.) 25) 6. ai oteke ss cosas we 2, 105. Lathe, 16 nee ee ce mae 
56) Lathe, 80 mehes ibys h4) teeter, Aaier oo imate ont sea ee 2% 407. eee ea by 6 sect, fe ot cpl ae tet 2 ee a 1A 
27) Gisholt turret lathe, 28 inches, automatic... 0... 25. oc 5 108. Bufit geen i: ae ee by 18 inches, Prentiss. ....-.-+:+- Taya 
28. Drill.50, by a2 inches. v/a istinee won. Renter cee Ue TOO EIGER rIndcke ee ee 2 
29. Milling machine, [Uiniversal 2m ane Aden ree 10g. Cathe toe tatieicdé inches be 6 feel. a rn oy 
30) Horizontal poring = machine wyiy, hier. ee ecco oe solo obai(stnolta + mn) = 5 411. Lathe, Fox turret, ves wanes he 6 feet i a 2 
31. Drill press, No. 0, Bickford.................2+.-++--+05- 3 112. Lathe, Fox turret, 18 inches b: % feet... eee 2 
Be eo ee SlieeiNie Sei becca <bsae o Sevres: See gs aan 7 4 113. Lathe, Fox turret, 18 inches by 6 feet... .cctpes Gaeeeeeeed 
34. Boring and turning mill, 8 feet 2 inches by 7 feet........ 6 nee Taue, Ree Oat egies be wy ees 1 Sh ae oe? 
35. Planer, 60° by- 60 inches “by /12)feet 04. Sos ocean eas 8 116. Drill’ 24 inches: upright:....c...-. 90.0120 ee 1 
86. Planer 26uby B86 inches by h2etent <a ncn en vgeith een eee 6 117° Millingsmachine. "Now tous. oe.) eee cee 3 
37. Planer, 36 by 36 aga DY wel OC ROG th estos corer Sec igleeen a ereeemta re 6 ; ig ? ES 
Sse Mocomotive axle laymesreNOr Ol qitismrsiets cus aims srscesaie sane ewapeertoe 5 The machine and erecting shop is 150x400 feet. It is ar- 
20. Wncine wiathe.26 in cCneseb yaelG ateC leans our sisrsu-ieeenenetemereiene rs 3 5 s ee ; 
20s Slotters <A inches eenmeseeree an ey ae ere ns tO cece 8 ranged on the longitudinal plan with three tracks on the 
Adee Drills nadia lj sD heetyaiO Vel SAlisxe cma ret teW. tate cota olcberPat eit alee 3 
AD Dhiree-spinid Lee: CyAl MGCP OL Olnemntnsegay eo tenstate su aer oie teense nae neael ci 10 erecting pide, spaced 23 feet center to center, and ee 
ee es ee 84 IBohes by 16 rae eke wate e este teens 10-25 track has two pits 150 feet long. A fourth track is located 
44, Updrailic driving whee! press, 90 inches, 300 ions”. --.---.-10,, 39 feet from the inner track, for conveying material to the 
46. Driving- wiheel= Jathern OO Min chests vires where vin tance oleoelaveeemeetenese 15 heavy lathes, planers, etc. The west side of the sh i ro- 
ATs Driving Wheel g lane OO mite S sreteetterstels ie ta teurncie) >) okeneueth-me ere 15 A e ‘ Sa Sires : . : a voae 
48. Lathe, 24 inches by 12 feet, taper attachment............ »y, vided with a gallery running the full length and is located 
49; Wathew22s INCHES sbyedl 2s LCC ene tone cu sva acu niratralisvedy cate taites 2 ste -aapesiioiromme oP 7 ‘ iv 
50. Lathe. 06 inches “by (6 fecte peta tun s,s ss. 2 eta eae 1-2 at a height that gives 19 feet head room beneath the floor 
51. Drill press 30 inches upright.....-.....-..---+seeeeeeee 2 girders and the ground floor. In the grouping of the ma- 
SPAM Ouest redeuaKe ye Koy A shes So Ganon eo op poon on Sboes oc 2s ne th biect h b t l te th sys 
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55. Gear CUtteT 2. eee eee tee wet eee enc eine Bae 
Ge Moolecrindersw NOt O0 ss ausece ae rcreeate se bomen menen olen sxecetemtee tras istslae"es iy 


possible, the work traveling twice over the same route. 


March, 1903. 


TESTS AT THE LOCOMOTIVE SHOPS OF THE BUFFALO, 
ROCHESTER & PITTSBURG RAILWAY. 

Tests have recently been made at the locomotive shops of 
the Buffalo, Rochester & Pittsburg Railway for the pur- 
pose of ascertaining the amount of power used by the differ- 
ent machine tools when operating on regular routine work. 
As the tools are driven by the group system it was also possi- 
ble to determine the percentage of power absorbed by the 
shafting and belting used in the various groups. The net 
power consumed by the various tools was not obtained direct- 
ly, but by subtraction. All measurements were made by volt- 
meter and an ammeter in the motor circuit. These indicated 
the electrical horse power delivered to the motor, and the 
brake horse power delivered by the motor at any given load 
was then determined approximately by means of the motor 
efficiency curve. The amount of power consumed by the 
shafting and belting being known, and then the amount con- 
sumed with the tool running being taken, the first quantity 
was subtracted from the latter to give the amount actually 
consumed by the tool. This probably gave very nearly the 
correct results, since the energy lost in shafting and belting 
is very nearly constant at various loads. The tests were made 
while the shops were in full daily operation and it was [or 
that reason impossible in many cases to make as direct Mmeas- 
urements as might seem desirable. 

The steam engines in the power house, and the generators 
and motors were installed by the Westinghouse companies. 
There are three separate units in the power house, one D. C. 
for power and lighting for the day load; one D. C. for power 
and lighting for the night load; and one A. C. unit for light- 
ing the grounds and transmitting current for lighting car 
shops and several railway stations at a distance. The differ- 
ent groups of tools were driven by shunt motors which at 
present have rather small loads allotted to them in view otf 
possible increases in the capacity of the shops at some future 
time and from the fact that experiments are now being con- 
ducted with high-cutting steels, which, if adopted, will con- 
siderably increase the demands for power. 

The tests, in addition to furnishing data relating to the 
power required for various tools, when starting, running light, 
and cutting, also make possible some estimation of the merits 
of roller bearings for shaft hangers. The line shafts are of 
cold-rolled steel and are carried on Hyatt roller bearings, and 
a shaft 200 feet long, without belts, can be turned by hand. 
But in spite of the unusual efficiency of the bearings it will 
be noted that the power consumed by the tool is often less 
than that lost in transmission. Nevertheless the capacity in 
motors required for the group drive is two and a half times 
smaller than it would have been had each tool been provided 
with an individual motor. It is a question as to how far the 
low average power taken by large groups of tools in operation 
may be due to the flywheel effect of the shafts and pulleys. 

The locomotive-erecting, boiler and machine shop consists 
of a middle aisle for erecting, and of two shed bays equipped 
with shafting for driving the machine tools. Two 50-ton, 
electric traveling cranes have a runway in the middle aisle. 
There are five lines of shafting driven by five shunt motors 
in the shed bays and the sections are designated as wheel 
section and boiler section in one bay, and lathe, tool, and fiue 
sections in the opposite bays. 

Tests were run in the different sections upon various group- 
ings of the tools, and also upon single tools in each section, 
but space will be given here only to the results obtained with 
the single tools as it is not likely that the group tests would 
be of material value to any not interested in this particular 
plant. We include, however, the results of tests on the shait- 
ing and belting. 

In the wheel section the line shaft is 200 feet long, 2% 
inches in diameter, and has 26 hangers. It was inconvenient 
in this instance to obtain a test of the line shaft alone, but 
a test of the line shaft and counters indicated only 1.5 horge 
power. 

A 42-inch wheel lathe with one tool cutting took, on starting 
up, 4.6 horse power, and on steady running .5 horse power. 

An emery wheel took .7 horse power. 

A 79-inch wheel lathe with two tools making roughing cuts 
on a pair of drivers took 4 horse power. 
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An 84-inch boring mill boring an 8-inch cylinder took 2 
horse power. 

A 60-inch planer cutting a cast-iron cylinder took 2 horse 
power, and a maximum at reversal of 8.5 horse power. 

An 18-inch slotter with tools of *4-inch face cutting steel 
took .8 horse power, and a maximum at reversal of 1.2 horse 
power. 

A band saw starting up took 6.3 horse power and running 
light or cutting 4-inch oak 4 horse power; it seemed to make 
no difference whether the saw was cutting or not. 

In the boiler section all the counter-belts were thrown off 
and the line shaft tested alone, with a result of .8 horse power. 
This line shaft is 170 feet long, 214 inches in diameter and has 
19 hangers. The speed of the line shaft was 158 revolutions 
per minute. A test of the line shaft and countershafts only, 
gave an average of 2 horse power. 

First a group of several tools was tested; then a single 
tool, the No. 4 Hilles & Jones 48-inch punch and shear was 
thrown in, and starting up light took 6.9 horse power, set- 
tling down to .4 horse power. Shearing 5-16-inch steel plate, 
it required 3 horse power. 

A 6-foot radial drill was then added, and at starting up 
light took 3.6 horse power, settling down to 1.1 horse power. 
A 1¥%-inch drill cutting in steel gave 1.5 horse power. 

A set of 12-foot rolls was then added, and starting up light 
showed 7.3 horse power, settling down to 4.75 horse power. 
Rolling steel plates, 14-inch by 8-inch required 5.3 horse 
power. 

A 1-inch stay-bolt cutter added to the above took on start- 
ing up 4.5 horse power, and cutting 12 threads per inch gave 


2.1 horse power. 
In the lathe section the line shaft and counters gave 4.1 


horse power. A test of the line shaft with counter-belts off 
gave .7 horse power. The speed of the line shaft was 155 
revolutions per minute. The line shaft is 180 feet long, 2%4 
inches in diameter, and has 22 hangers. 

Besides the group tests it was found that a single 26-inch 
planer cutting cast-iron took 1 horse power, and at reversal 
3.5 horse power. 

A 16-inch shaper cutting 1-32-inch steel at 12-inch stroke 
took .9 horse power, with a minimum of .2 horse power and 
a maximum of 1.4 horse power. 

A 24-inch turret lathe cutting required .3 horse power. 

A 24-inch lathe boring brass took .03 horse power. 

In the tool section the line shaft and counters required 2.8 
horse power. The line shaft is 140 feet long, 21%4 inches in 
diameter, and has 20 hangers. It was not convenient to 
obtain a test of the line shaft alone. The speed of the litie 
shaft was 155 revolutions per minute. 

A single grinder took in starting up 9.7 horse power, and 
grinding 1.95 horse power. 

A 28-inch lathe took on starting 4.7 horse power, and cut- 
ting steel 2.5 horse power. 

In the flue section a test of the line shaft with all counters 
gave .6 horse power. A test of the line shaft gave .035 horse 
power. The line shaft is 90 feet long, 2% inches in diameter, 
and has 12 hangers. 

A single flue welder with blowing fan attached required 
on starting up 7.1 horse power; running light it took 3.4 
horse power. 

The pipe cutter cutting 214-inch pipe gook 08 horse power. 

The auto-flue cleaner, cleaning 2-inch flua took .2. horse 


power. 
* * * 


The floating machine shop Vulcan, used by the navy de- 
partment during the Spanish war, created much interest at 
the time of its inception. There is now a similar novelty on 
Lake Champlain, but in this instance in the wood-working 
line. A floating sawmill is in use there, which resembles its 
predecessor, the ark, but with modern improvements. It is 
a two story structure with boiler, engine and sawmill on the 
first floor, or lower deck, according to whether the sawmill or 
marine features are supposed to predominate, and the quar- 
ters for the crew on the upper deck. There was a time when 
a great deal of timber was cut on the shores of Lake Cham- 
plain, but now the shores are not so heavily wooded as for- 
merly, there are many stray ends of timber, that can be 
profitably worked up into lumber by this floating mill. 
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STEAM ENGINE SPECIFICATIONS. 


FORM FOR SPECIFICATIONS FOR MARINE ENGINES. 

The following form for marine engine specifications was 
prepared by our correspondent, Mr. William Burlingham, and 
first appeared in “Steam Engineering’ when that journal 
was published by THE INDUSTRIAL PRESS, the publishers of 
MACHINERY.. While these specifications apply specifically to a 
triple-expansion engine of the commercial marine class des- 
tined for a passenger boat of 16-knots speed, they are, in gen- 
eral, applicable to the type of engines that are in the majority 
in use on our coast. They will apply, however, equally well 
to land work with some judicious pruning of the features par- 
ticularly applicable to marine conditions, such as thrust bear- 
ings, propeller wheels, etc. The materials specified are suit- 
able for a first-class engine, but changes can, of course, be 
made to meet the conditions in that respect. 

The usual method of supplying specifications is by blue- 
prints, but during the past few years, the best firms have 
made a practice of having their specifications printed, and 
cheaply but serviceably bound. The latter is by far the 
better method. The general specifications at the end may 
be omitted if thought necessary and all the machine and 
foundry work allowed to go as the local inspector decides. 


Machinery Specifications for Triple-expansion Marine 


Engines. 
High Pressure Cylinder........... GUAMELOT Secs uesyeeeel: inches. 
Intermediate Cylinder............. Giameteieure esse inches. 
Low Pressure Cylinder..........--. GhENVVE KIS Bais Goo soe inches. 
SVG Me Gos badd Soom UUeco cua dup Eble e ob ony 20 Oio5 0.0 inches 
EYOTA Bonnnoaddcsrsancus tds ooo ob oon Se F505 Gx per minute. 


Steam Pressure 
For a boat of following dimensions: 
Teneth on™ La, “Wo Liss sien seme yore oss atlas 
ID Simendol Renee GWG RE So ogee odgonocs bpm enone gsmacc 
Beam, Moulded 
Depth, Moulded 
Draft, Mean 
Displacement 
Speeders ca senses: ates .....tons displacement. 


MeteieVel bie hee be. syemens: Riese, «ise veney 6, 6 eee co) oe 
Satie lel eiiel fee cel eo. ols nelle) epielelie ns: elisssjeure. 29 Seuss a4 
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General Description. 

To be a vertical, inverted, direct-acting, surface condensing 
engine, of the triple-expansion type, having the high-pressure 
cylinder forward, the low-pressure cylinder aft and the mean- 
pressure between the two; to be built to withstand a working 
pressure of...... pounds of steam per square inch, and cranks 
to be set at angles of 120 degrees apart. 


CyLINpERS: The high, mean and low pressure cylinders to 
be respectively, «..2.... iS banec ote chores BRANKO e nice reaonG inches in di- 
ameter and each to have a stroke of ........ inches; to be of 


hard, close-grained cast iron inches thick, perfectly 
free from all defects and to be truly bored. 

The high-pressure cylinder to be fitted with a separate 
liner barrel of cast iron as hard as can be properly worked, 
bolted to the cylinder, and to be fitted with a piston valve; 
the mean and low-pressure cylinders to be fitted with double- 
ported slide valves and separate valve faces bolted to the 
main casting by composition screws. Drain valves to be fitted 
to the bottoms of cylinders and valve chests and arranged 
so that they can be operated from the working floor; spring 
safety valves to be fitted to the receivers and set to 
pounds and ........ pounds per square inch, for the low and 
intermediate, respectively. All stuffing boxes for piston rods 
and valve stems of main engines to be fitted with metallic 
packing; brasses to be provided for indicators, etc., and peep 
holes to be provided in chest for setting valves. 

Laacinc: Cylinders and valve chests to be covered with 
non-conducting material and cased or lagged with black wal- 
nut, neatly secured with brass button-head screws; or, if pre- 
ferred, Russia iron may be used in place of walnut. 

Cyrinper Heaps:. To be of cast iron of sufficient depth to 
give great strength; to be ribbed and covered with polished 
iron plates. . 

Pistons: To be of cast steel, of sufficient depth to give 
complete strength, to have cast iron packing rings and fol- 
lowers, and to be secured with steel bolts and brass nuts. 

Priston Rops: To be of the best mild steel, well fitted to 
crossheads and pistons, and secured to each by a large nut. 


eeceeoceee 
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CrRosSHEADS:.To be of wrought iron or steel with cross- 
head pins forged on; slide box to be of cast iron lined with 
anti-friction metal and securely bolted to crosshead. 

Framinc: Front column to be of polished forged steel, one 
to each cylinder, with large flanges forged on at each end, 
and to be firmly bolted to bed plate and to cylinders. The 
eolumns on the condenser side to be of cast iron, box shaped, 
one to each cylinder, and to be thoroughly bolted to con- 
densers and cylinders; to these cast-iron columns the main 
guide plates are to be bolted. 

CoNDENSER:. To be a surface condenser of cast iron, securely 
polted to bed plate; to have tubes and tube plates of brass; 
tubes to be of Muntz metal secured with brass screw glands 
and cotton cord, each tube to be inches outside di- 
ameter; a sufficient amount of cooling surface to be provided 
for condensing purposes, Or ........-. square feet, and also a 
supplemental feed and cock for soda. 

Bep Piate:. To be of cast iron girder or box shape; to be 
made in two pieces, firmly bolted together, and provided with 
all flanges, brackets, etce., necessary to bolt it securely to the 
condenser and foundation. All journals to be ........ inches 
in diameter; boxes to be of brass, lined with the best anti- 
friction metal, and held in position by heavy steel bolts; 
caps to be fitted with keepers; each journal to be fitted with 
a large oil cup. 

Main GuipE Bars:. To be of cast iron, box section, securely 
bolted to the columns on the condenser side and arranged to 
pass water through them. The outside dimensions of cross- 
section of these bars to be inches by 
inches. 

Connectinc Rops: To be forged of the best mild steel, and 
to be forked and fitted with two bearings at the crosshead end, 
each inches long; crank pin bearing to be 
inches in diameter; all to be fitted with brass boxes lined 
with white metal. Bolts, keepers and caps to be of steel or 
wrought iron, finished bright. 

CRANK SuHAFT:. To be of the built-up type of the best mild 
steel; webs of the best hammered iron; shafts 
inches in diameter, provided with the proper couplings and 
boits; pins to be inches in diameter, all forged in 
and well keyed together. ; 

Srmp—E Vatves: To be of hard close-grained cast iron, accu- 
rately surfaced on the slide faces and secured to stem by 
large nuts and washers; nuts to be of brass and washers of 
wrought iron. 

Srop VALVE: To be a balanced valve not less than ........ 
inches in diameter net; of cast iron body, with valves, seat 
and stem of brass. 

VALVE AND REVERSING Gear: To be of Stephenson link re- 
versing type, operated by steam; valve stems to be of mild 
steel, and fitted with brass sliding blocks, with large bearing 
surfaces; eccentric rods to be forged of the best mild steel or 
scrap iron with adjustable brass bearings; eccentrics to be 
of cast iron, in halves, with large bearing surfaces. 

SrartinG Gear: Handles for operating throttle valve, valves 
for admitting steam to each receiver, drain valves and re- 
versing engine, all to be arranged so as to be conveniently 
operated from the working floor in the engine room. 

Atm Pump:. To be single acting, ........ inches in diameter 
and inches stroke; working barrel to be of brass; 
foot valve, bucket and discharge valves, and guards also to 
be of brass; to be fitted with hard rubber valves well tested; 
bucket rod of steel covered with brass sleeve. 

CircuLATING Pump: To be a centrifugal pump, driven by an 
independent engine; pump wheel to be of brass 
inches in diameter; shaft in water space to be covered with 
brass, running in lignum vitae brassings; engine cylinder to 
LOX See ore inches in diameter and inches stroke, 
and pump to have ample capacity for condensing all steam 
that boilers will make, after being used by the engine. 

Main Freep Pump: To be an independent feed pump driven 
by an independent engine; to be of the duplex type and 
sufficiently large to supply all the boilers with water without 
overworking; to be fitted with composition pistons or plung- 
ers, piston rods, valve seats, etc. 

Bircke Pumps: To have two bilge pumps to work from the 
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air pump crosshead; pump chambers to be of cast iron, plung- 
ers of brass, valve seat chest of cast iron fitted with brass 
valves and seats and air chambers of cast iron. 

Pumr Gear:. Air and bilge pumps to be connected with one 
wrought iron or mild steel crosshead, operated by links and 
beams from the main crosshead of the engine; beams to be 
formed of double plates of wrought iron or steel; both front 
and back links to be fitted with brass boxes adjusted by gibs 
and keys. 

Power TuRNING Gear: To consist of a large cast iron worm 
wheel, driven by an independent engine; the worm engine to 
be fitted with reversing gear. 

oR, 

Hanp TurRNING GEAR: To consist of a large cast-iron wheel 
fitted on after coupling; rim of wheel to be fitted for pinch 
bar. 

Suwarrine: Crank and outboard or propeller shaft to be 
De peareke 2 inches in diameter, of steel, and intermediate or 
HIMERSHALGSS i xyatoieret o! « inches in diameter; couplings for all 
shafts to be forged on; propeller or outboard shaft to have 
brass sleeve at stuffing box and at the stern bearing and be- 
tween these sleeves to be covered with a copper pipe made 
water-tight at its junction with each sleeve. 

Turust Beartna: To be of the horseshoe pattern; pedes- 
tals to be of cast iron, the ends and side walls of each of 
which will form a trough; the horseshoes, ........ in num- 
ber, to be made of cast steel, lined with white metal and 
properly channeled for oil; brass adjusting nuts to be pro- 
vided on the steel side rods, and attention to be paid to secur- 
ing an efficient distribution of oil on the thrust surfaces. 

STEADY BEARINGS: One steady bearing to be provided for 
each section of shaft, to be of cast iron lined with best lining 
metal and to be fitted with caps and bolts. 

STERN TuBE BEARING: Stern pipe to be of cast iron, secured 
to the stern post by a large wrought-iron nut and to the 
stuffing-box bulkhead by a large flange, securely bolted to 
same; pipe to be supported in two places between the stern 
port and stuffing-box bulkhead; stern bearing to consist of a 
brass bushing filled with lignum vitae, the bearing to be 
eather: feet long; forward end of stern pipe to be a long 
bearing with stuffing box at the end. 

PROPELLER WHEEL: To be of cast steel or other approved 
material and secured to the shaft by feather and nut, which 
is to be covered by a fair water cap properly bolted to hub 
of wheel. 

SreaAmM Pumps: To be of the best commercial pattern; one 
pump to be provided for the donkey boiler, of a capacity of 


ee eeter ade gallons per minute and .......... fire pumps and 
Pee CMe Oo independent feed pumps, each to have steam cylin- 
GOTS vate ss inches in diameter and ........ inches stroke, 
and water cylinders ........ inches! diameter, and! .........- 


inches stroke; a water service pump to be provided for salt 
and fresh water tanks in the upper engine room for water 
closet and drinking purposes, the steam and water cylinders 
to be respectively ........ mnchessandaet. sae. inches diam- 
Cleneand os. + vies. inches stroke; all of the above pumps to 
be of the duplex type; the fire pumps to be arranged to pump 
from bilge, boilers and tanks, and also fitted complete for fire 
purposes; feed pumps to be arranged to pump from hot well 
and fresh water tank; all pumps to have brass lined barrels, 
plungers of composition and valve seats of brass, arranged 
for pumping both salt and hot water. 

Sea CoNNEcTIONS: A sea valve to be provided for the cir- 
culating pump, the fire pump and the jet injection and water 
service pump; an outboard delivering valve for the air pump, 
the circulating pump and the bilge pump; all valves to have 
cast iron bodies with brass valve seats and stems; all sea 
valves to be provided with the proper gratings. 

PipE AND VAtves: All steam and water pipes of 2 inches 
diameter and above to be of copper; those below 2 inches in 
diameter to be of brass; bilge suction pipes to be of lead; 
all necessary strainers, etc., to be provided and fitted in place; 
all valves above 21% inches in diameter to have cast iron 
bodies, brass valve seats and stems: all valves below 2, 
inches in diameter to be entirely of brass. 

Om AND WATER SERVICE: A complete lubricating arrange- 
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ment to be fitted to all the bearings of the engine, and effi- 
cient lubricating devices to the minor moving parts, fed from 
tanks near the top of the engine; also a complete water ser- 
vice to all the main bearings, guides, thrust bearings and 
steady bearings. 

InJeEcToRS: To be of ample size to furnish the boilers with 
water. 

Packina: The piston rods of the high-, intermediate-, and 
low-pressure cylinders and all valve stems to be packed with 
approved metallic packing; all packing to be approved before 
installation. 

PLATFORMS, LADDERS AND GRATINGS: AIl working and other 
platforms, stairways and railings to be fitted as directed by 
the inspector; the lower floors of the engine and fire rooms 
to consist of ribbed steel plates and all gratings to be of steel; 
the ladders in the fire room to be of steel with figured cast 
iron treads; the railings in fire rooms to be of wrought iron 
pipe and those in engine room of brass polished, with brass 
knobs. 

InpIcATOR GEAR: A complete indicator gear to be furnished 
and fitted in place on each cylinder, ready to attach indica- 
tors; indicators not to be furnished. 

GAGES AND Chocks: In each engine room there is to be 
furnished and neatly fitted in place one main steam gage, 
one gage for each receiver, one counter, one vacuum gage 
and one clock—all to be of brass, nickel plated, and to have 
84-inch faces; in the fire room each boiler is to be provided 
with a gage of 5%4-inch face with japanned iron case, and 
also a steam gage for the donkey boiler. 

BELLS: One gong of satisfactory size to be provided in each 
engine room, and jingle bells, bell pulls, etc., and speaking 
tubes, all to be provided and fitted in place ready for work. 

TRAVELER Bar: A traveler bar to be furnished and fitted 
to place for lifting cylinder heads; also eyebolts and carriers 
for disconnecting the different parts of the machinery. ‘ 

PAINTING: The machinery is to be well painted with such 
colors as may be desired. 

GENERAL CLAUSE: The machinery is to be set up in the 
vessel and well fastened, and everything furnished to com- 
plete the same, together with all necessary tools, wrenches, 
etc., ready for service and to pass U. S. inspection laws; all 
to be of the best material and the work to be done in a first- 
class workmanlike manner the general arrangement of pipes 
and machinery to be similar to that of the steamer .......... 


General Specifications. 

1. All castings must be sound and true to form, and before 
being painted’ must be well cleaned of sand and scale, and all 
fins and roughness removed. 

2. No imperfect casting or unsound forging shall be used 
if the defects affect the strength or to a marked dégree its 
slightness. 

3. All flanges of castings must be faced and those coupled 
together will have their edges made fair with each other; the 
faces of all circular flanges to be grooved. 

4. All bolt holes in permanently fixed parts must be reamed 
or drilled fair and true in place, and bolts furnished of bodies 
to fit them snugly. 

5. All material used in the construction of the machinery 
must be of the best quality, the iron castings to be made of 
the best pig iron and not scrap, except where otherwise di- 
rected. 

6. The Muntz metal must be of the best commercial quality. 

7. The anti-friction metal must be of an approved kind. 

8. All castings must be increased in thickness around core 
holes; core holes must be tapped and core plugs screwed in 
and locked, except where bolted covers are used, or where it 
may be directed that the holes be left open. 

9. All steel forgings must be without welds and free from 
laminations. 

10. All flanges, collars and offsets must have well rounded 
fillets. 

11. All steel used in the construction must be tested in 
accordance with rules prescribed by the inspector. 

12. One set of wrenches must be furnished complete; the 
wrenches for all nuts of bolts less than one inch in diameter 
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to be finished, and for all bolts over two inches in diameter 
to be box wrenches, where such can be used; socket wrenches 
to be furnished where required; open-end wrenches to be of 
steel or wrought iron with case-hardened jaws; all others of 
wrought iron or cast steel. 

13. All brasses or bearings must be properly channeled for 
the distribution of oil. 

14. Packing for stuffing boxes must be such as may be 
approved. 

15. All small pins of working parts must be well case- 
hardened. 

16. The auxiliary engines and all fittings and connections 
subjected to boiler pressure must be tested by water pressure 
tO score pounds to the square inch; after boilers are placed 
in the vessel and connections made, the boilers and pipe con- 
nections must be tested by steam to pounds per 
square inch. 
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17. All pressures to be above atmospheric pressure, and not 
absolute pressures. 

18. All places where condensed steam can accumulate must 
be provided with drain pipes and cocks or valves of ample 
size, and with approved automatic traps; all traps to have 
by-pass pipes and valves for convenience in overhauling; the 
lowest parts of all water pipes and all pump cylinders and 
channel ways to have drain cocks with pipes, where required; 
the handles of all drain cocks to point downward when 
closed; all glass water gages under pressure to be fitted with 
valves of approved automatic closing patterns. 

19. A copy of each working drawing must be furnished to 
the inspector before the work shown by that drawing is com- 
menced. 

20. All work must in every respect be of the first quality 
and executed in a workmanlike and substantial manner. 

21. Any portion of the work found defective must, whether 
partially or entirely completed, be removed and satisfactorily 
replaced without extra charge. 

22. Wherever duplicate pieces are furnished for one or two 
or more pieces of machinery of the same size, they must be 
made strictly interchangeable. 

23. The steam cylinders of all auxiliary engines must be 
clotted with approved incombustible non-conducting material 
and lagged with Russia sheet iron; the non-conducting ma- 
terial to be the same as that used on the main engines. 

24. Composition castings must be made of new materials, 
the various compositions to be by weight as follows: For 
-all journal boxes and guide gibs, where not otherwise speci- 
fied, Copper, 6-parts, Tin, l-part and Zinc, 14-part; for com- 
position not otherwise specified, Copper, 88-per cent., Tin, 10- 
per cent. and Zinc, 2-per cent.; for Naval Brass, Copper, 62- 
per cent., Tin, 1-per cent. and Zinc, 37-per cent. 

25. All working parts of machinery must be fitted with 
efficient lubricators, each with a sufficient oil capacity for four 
hours’ running. 

26. All iron boxes must be bushed with composition, and 
all glands must be of composition. 

27. All bolt heads and nuts less than 3 inches must, excent 
in special cases, conform to the United States Standard; screw 
threads on bolts and nuts must in all cases conform to the 
above standard; all finished bolts must, except as directed, be 
kept from turning by dowels or other suitable devices. The 
nuts of all bolts on moving parts, on pillow blocks, etc., as 
shown, must be locked, and the bolts must extend beyond the 
nuts, without threads, and be fitted with split pins. This 
specification is extended to apply to all pumps and auxiliary 
engines, as well as to parts of the main engines and boilers. 

28. Hach safety valve and each relief valve must have a 
spare spring; other spare parts for all special machinery must 
be supplied as directed by the inspector. 


Tools. 


The tools necessary for the engineer to be furnished as 
follows: 


Spare glasses for water gages. 
Set of fancy oilers and stand. 
Squirt cans: 

Quart feeders. 

Funnels, assorted sizes. 
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1 Vise and bench. 
Stocks, taps and dies, 14 inch to 1 inch. 
Ratchet and drills, assorted sizes. 
12 Chisels, assorted. 
2 Copper mauls, one for large and the other for small keys. 
4 Hand hammers. 
3 Monkey wrenches, 8, 12 and 18 inches. 
1 Sledge. 
1 Coal maul. 
Necessary iron blocks and falls for hoisting machinery, and 
iron blocks and falls for cylinder heads. 
Complete set of packing hooks and screws for all glands. 
Necessary packing hooks for condenser. 
Necessary wrenches for engineers’ use. 
Set of wrenches to be finished and set in walnut rack. 
2 Pairs of pipe tongs, 5% inch to 2 inches. 
3 Hose spanners for 214-inch N. Y. Standard hose. 
2 Sealing picks. 
Set of scaling bars or chisels, assorted. 
Two tube brushes and handles. 
Hose for wetting ashes, 2 sections of 10 feet each. 
One pair dividers, 6 inches. 
Gallon measure. 
Pair calipers. 
Pair pliers, 6 inches. 
Wire cutter, 6 inches. 
Hand punch for iron. 
Steel wedges. 
Pair shears for sheet tin. 
Pairs smiths’ tongs. 
Center punch. 
Sight feed oil cup for the high-pressure cylinder. 
Tallow cup for the intermediate and low-pressure cyl- 
inders. 
1 Thermometer for feed water. 
1 Salinometer. 
1 Serew jack, 12 inches. 
2 Oil tanks, 65 gallons each. 
1 Waste can, 20 inches in diameter and 32 inches high. 
1 Tallow can, 18 inches in diameter and 24 inches high, 
with %-inch lid. 


BPHHE ND HE OHHH EE 


Set of caulking tools (boiler maker’s). 
Reamers (boiler maker’s). 

Files and handles, assorted. 

Brace and bits, assorted. 

Hand saw. 

Lock saw. 

Jack plane. 

Hatchet. 


Screw drivers, one large and one small. 
Chisels and gouges. 

Key wrench. 

Grindstone. 

Hand chisel (smith’s). 
Lockers for holding tools. 
One full set of fire tools, viz: 
Slice bars. 

Hose. 

Clinker hooks. 

Pricks. 

Shovels. 

Lazy bars. 

Ash buckets. 
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* k * 

The practice of mounting blueprints on boards, sheet iron 
or pasteboard and shellacking them so as to better withstand 
grease, water and the other exigencies to which they will 
likely be subjected in the average shop, is well-known—better 
probably than the method of waterproofing unmounted blue- 
prints that has been recently described in some OL (OUT ex 
changes. A number of sheets of absorbent cotton, about a 
foot square, are dipped in melted paraffin until thoroughly 
saturated; when withdrawn and cooled, they are ready for 
use. One of the saturated cloths is spread on a smooth sur- 
face, the dry print is placed on it, and a second waxed cloth 
on top. The whole is then ironed with a moderately hot flat- 
iron. The paper immediately absorbs the paraffin, and be- 
comes translucent and waterproof. ‘The lines of the print 
are intensified by the process, and there is no shrinking or 
distortion. As the wax is withdrawn from the cloths, more 
can be added by melting small pieces directly under the hot 
iron. By immersing the print in a bath of melted paraffin, 
the process is hastened, but the ironing is necessary to remove 
the surplus wax from the surface, unless the paper is to be 
directly exposed to the weather and not to be handled. 

Blueprints treated in this way are said to be so impervious 
to moisture that they may be safely used out doors in damp 
weather, in mines and in other places where ordinary untreat- 
ed blueprints would soon be ruined. : 
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MOTOR DRIVEN TRUCK HAVING NOVEL 
VARIABLE SPEED MECHANISM. 

At the late automobile show, held in Madison Square Gar- 
den, there was a sad lack of motor-driven vehicles for indus- 
trial purposes, that is, trucks. With a very few exceptions, 
all the machines exhibited were for pleasure, and most of them 
for pleasure of a very expensive kind, at least in the matter 
of first investment. One of the exceptions was a truck built 
by the Union Motor Truck Co., of Philadelphia, and so far 
as we are aware, it was one of the most interesting machines, 
mechanically, in the whole show. It has what no other one 
possessed, a variable-speed mechanism by which the speed 
can be varied at will of the driver from zero to the maximum, 
by minute increments, making it possible to vary the motion 
to any imaginable degree from nothing to full speed. The 
same holds for going backward. The leverage or “power” 
with which the truck is propelled varies in inverse ratio, 
being theoretically infinite at the slowest speed, which prac- 
tically means, of course, that the truck is not propelled at 
all. 
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ed by the roller ratchets themselves, since the engine can be 
started without load by simply moving the crank-pin to the 
center of its throw, which is always done. 

The accompanying diagram, Figs. 1, 2, and 3, give an idea 
of the construction of the variable-speed gear. The erank-pin 
H, is shown in the center of the flywheel, in which position 
no motion is transmitted. The dotted lines show the relative 
positions of the parts when it is moved off the center to the 
position indicated by H’. ‘Two of the connecting-rods, A and 
B, trausmit the power longitudinally to the arms of the ratch- 
ets, H and G. The third rod, D, acts as a lever, having its 
pivot near its center. The short link @ connects one end 
to the crank and the link ©, connects the other end to 
the arm F of the third ratchet. The diagram shows the 
rollers & of the ratchets, in their neutral position, that is, no 
engagement is possible to drive in either direction. They are 
held in this position and the driving positions by means of a 
bronze cage LZ, which contains 60 slots for the rollers, of 
which there are 20 in each ratchet, all lying in the same longi- 
tudinal grooves cut in the hardened steel center piece, J, 


Fig.2 


Elevation and Plan of Truck Variable Speed Mechanism. 


The truck has an internal combustion type motor with 4 
cylinders 5 x 614 inches stroke, connected to one crankshaft 
and developing 20 horse power at 400 revolutions per minute. 
The engine is located directly beneath the center of the truck 
platform and is connected to the rear axle by means of three 
rods, which take hold of three reversible roller ratchets. All 
three connecting-rods are connected to one crank-pin, which 
is located in the face of the flywheel. Means are provided 
for moving the crank-pin from the center and thus giving the 
connecting-rods a variable movement, which, being transmit- 
ted through the roller ratchets, gives the rear wheels a de- 
gree of angular motion for each stroke of the engine depend- 
ent upon the distance the crank-pin is moved from the cen- 
ter. The engine may run all the time at the uniform speed of 
about 400 revolutions per minute. When the crank-pin is on 
the center, no movement is communicated to the ratchets, con- 
sequently none to the wheels. From this it is obvious that no 
clutch is required in the construction, aside from that provid- 


The center piece I is securely keyed to the sleeve M, which is 
mounted on the axle 0. The bronze cage is loosely fitted on 
the steel center and rotates with it, being carried along by 
the two keys N N. These keys may be moved longitudinally, 
from the driver’s seat, and when so moved a spiral feather on 
top of each, advances or moves back the cage, depending on 
whether a forward or backward motion is required. Move- 
ment in either direction throws the rollers in position to be 
gripped by movement of J in one direction and to release in the 
opposite direction, thus acting as ratchets having teeth of any 
desired pitch. 

The rollers are made of tool-steel, hardened, are % inch in 
diameter and project above and below the cage about 1-16 
inch, so as to be gripped between the ring J and the grooved 
center J, The longitudinal grooves are about % inch deep by 
%4 Wide at the base, with the sides flaring to a width of 1% at 
the periphery. The sides are ground to an angle of about 10 
degrees, varying with the diameter of the center. All the 
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rollers take their proportionate share of the load so the pres- 
sure on each one is not great. Four years of use have demon- 
strated that the outer rings and rollers wear round, the seats 
in J alone requiring regrinding every six months or every year, 
according to the amount of work done. 

The diagram shown in Fig. 3 shows the travel of the crank- 
pin and the portions of its travel during which each ratchet 
is in action. The are designated a indicates the distance 
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Fig. 4. Section of Flywheel showing Hydraulically Operated Crank-pin. 


through which motion is imparted by the working stroke of 
the upper rod A; b, that of the rod B; and c¢, that of rod 
D. The single-hatched portions of the diagram indicate the 
parts of the travel where one rod alone is driving and the 
cross-hatched portions are those portions of the travel where 
two rods are working together, or rather where their work 
overlaps, one releasing while the other is beginning to drive. 
Thus there is no point at which the rear axle is not receiving 
motion from the engine and motion of a 
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pinions in the center, by means of a sleeve supported by the 
shaft O, Fig..1, and attached to the central portion of the 
differential. From this, moticn is communicated back through 
the shaft or axle O to the driving wheel on the side of Fig. 5 
toward the reader, and directly to the wheel on the opposite 
side by means of the bevel gear being attached to the wheel 
hub itself. The axle is projected through this wheel so as 
to form its support but not to drive it. 
* * * 
SHORT RULE FOR COMPUTING SAFE FLYWHEEL 

REVOLUTIONS. 

Wm. H. Boehm gives the following short rule in the Monthly 
Bulletin of the Fidelity and Casualty Co. for computing the 
safe number of revolutions for a flywheel. 

The rule is based upon the current practice of allowing a 
rim-speed of one mile per minute for well-made cast-iron 
wheels, and so does not take into consideration the difference 
in strength between solid and sectional wheels. 

Rule: To compute the maximum allowable number of revo- 
lutions per minute for cast-iron wheels, when given the diam- 
eter of the wheel in feet. Divide the number 1680 by the 


diameter. This is expressed in the form of a formula as fol- 
lows: 
1680 
Maximum revolutions per minute = —— 
D 


Example: What is the maximum allowable number of revo- 
lutions per minute for a well-made cast-iron wheel 16 feet in 
diameter? Here we have 

1680 =, 
Maximum revs., per minute = —— = 105. 
16 

That is, a 16-foot cast-iron wheel should never be run faster 

than 105 revolutions per minute. 


One of the brightest and best of the English mechanical 
publications that come to our desk, is Page’s Magazine, now 


quite uniform character being a fair approx- 
imation to straight line, when plotted. 

Fig. 4 shows the construction of the fly- 
wheel by which the crank-pin is moved to 
and from the center. The pin A is screwed 
into a hydraulic piston ©, which moves in a 
eylinder bored in the flywheel parallel to its 
face and passing through the center. The 
movement of this piston is resisted by the 
coiled spring D, which returns it and the 
crank-pin to the center when pressure be- 
hind the piston is removed. The oil by 
which it is operated, is pumped into the 
space F, reaching it by means of a hole that 
passes through the whole length of the 
crankshaft, cranks and all, and terminates 
ata stuffing box on the opposite end. A small 
pump driven from the engine by gearing 


forces the fluid behind the piston when 
thrown into engagement by the driver. Nor- 
mally this pump is out of engagement. The 


movement communicated to the crank-pin 
is comparatively slow, so that the accelera- 
tion cannot be suddenly increased when 
starting. After the required throw has been 
obtained the piston remains oil-locked in 
position. To stop, the driver pulls a levér 
which opens a small valve, and allows the 
crank-pin to move quickly or slowly to the center by the ac- 
tion of coiled spring D; a further movement opens a large 
valve which allows the crank-pin to move quickly to the cen- 
ter; and still further movement of the lever applies a power- 
ful band brake on the differential gear frame. 

The running gear of one of these trucks is shown in Fig. 
5, from the flywheel side of the engine. The photograph was 
taken with the crank-pin in the center of the wheel. The 
three connecting-rods and ratchets are shown; also the dif- 
ferential gear on the further side next to the rear wheel. 
Motion is conveyed to the bevel gear frame carrying the bevel 
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Fig. 5. Running Gear of Union Motor Truck. 


in its second year of publication. It is not insular in its 
policy and because of its liberality in publishing foreign me- 
chanical news, especially that from the United States, the pub- 
lishers say it has been accused of being an American publi- 
cation. “This is doubtless due to the singular fact that kin- 
dred publications which have attained to prominence on this 
side of the Atlantic have been, for the most part, of American 
origin, being edited and printed in the United States, shipped 
over here without covers to escape the imprint ‘Made in 
America,’ bound up with English advertisements, and circu- 
lated as home publications.” 
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LOCOMOTIVE DRIVING WHEEL LATHE WITH 
SPECIAL FEATURES. 

A few months ago James K. Cullen, president of the Niles 
Tool Works Co., read a paper before the Western Railway 
Club, in which he referred at some length to a locomotive 
driving wheel lathe having certain new features, which was 
built by his branch of the Niles-Bement-Pond Co. for the AI- 
toona shops of the Pennsylvania Railroad. The new lathe, 
which is thought to mark a considerable advance in this class 


Fig. 1. 


of railway shop tools, is illustrated in Fig. 1, and details of 
the magnetic clutch—an important feature of the design—is 
shown in Fig. 2. 

The lathe was designed to accomplish the maximum output 
of turned tires now possible with the new high-speed steels. 
To secure this result, it is necessary to have a much heavier 
and stiffer construction than heretofore employed in this class 
of machines; also to provide a more powerful drive and means 
for instantly reducing the speed to a very slow rate when 
eutting out “hard spots.” One cause for lack of rigidity in 
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makes it necessary to move the right-hand headstock, when- 
ever a pair of wheels is put in and taken out of the lathe, 
which is done by the 3 horse power auxiliary motor shown at 
the right. The moter makes the movement of the headstock 
necessary to clear the crank-pins an easy matter. The final 


adjustment of the center is made by the internal spindles in 
the headstocks operated by hand-wheels in the usual manner. 

The lathe is driven by a General Electric 25 horse power 
motor mounted on top of the left-hand headstock. 


The motor 
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New Driving Wheel Lathe having Important Improvements. 


has a range of speed from 600 to 840 rotations per minute and 
this variation, together with the change gearing that can 
be introduced in the train of gearing between the motor and 
the pinions meshing into the internally-geared faceplates 
gives ordinarily a range of peripheral speed at the tire sur- 
face, of 10 to 30 feet per minute. Power is conveyed from the 
motor to the faceplates, through the magnetic clutch shown 
beneath the motor in Fig. 1 and in detail in Fig. 2. The object 
of this device is to provide means for instantly reducing the 
cutting speed from the normal down to from 4 to 6 inches per 
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Fig. 2. Details of Magnetic Clutch. 


the common driving wheel lathe, is the overhang of the in- 
ternal sliding spindles necessary on account of the ‘crank- 
pins. To overcome this fault a feature of construction was 
adopted that would scarcely be feasible without using an 
auxiliary motor to move the headstock back and forth along 
the bed, and that is, providing openings in the faceplates for 
the crank-pins. In this way short centers close up to the face- 
plates can be used instead of having a long overhang of the 
internal spindles, as is usual. This construction, of course, 


minute, depending on the speed of the motor. This slow 
speed is employed to cut out the hard spots that are de- 
veloped by skidding tires, etc. 

The magnetic clutch by which this great change of speed is 
effected, consists principally of the spool-shaped steel piece A 
and the two magnets F and F’. The latter are made with an- 
nular grooves for the magnet wire, and the grooves are under- 
cut near the faces for lead filling, G and @’. The lead filling 
holds the magnet wire in place and also prevents the faces of 
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the armature A and the magnets coming intimately in contact, 
which precaution appears necessary to prevent sticking due 
to “residual magnetism.” Otherwise a quick change of the 
armature from one magnet to the other could not be effected 
easily. DD’ and EE’ are collector rings for conveying cur- 
rent to the magnet terminals. Normally the lathe is driven 
through the magnetic clutch medium with A (keyed to the 
quill @) attracted to the right against clutch C, which is keyed 
to shaft B. To reduce to the very slow speed, the left-hand 
magnet ©’ is energized by the operator simply throwing 
a switch, and the armature is attracted to it. The drive 
is then through the bevel gears seen beneath the motor, and 
a worm gear, the worm-wheel (covered by the casing) being 
mounted on the hub of ©’. In this way the speed is reduced 
and at the same time the pressure developed on the tools is 
enormously increased—two conditions necessary for success- 
fully cutting hardened steel. 

Each tool rest can carry two tools and the design of the 
lathe is such that a pressure of 18,000 pounds can be de- 
veloped at each tool rest. All gears are made of gun iron and 
steel. The main spindle bearings are 13 inches diameter and 
16 inches long. The internal sliding spindles, 7 inches diam- 
eter, are made from steel forgings. The faceplates are 72 
inches diameter and have internal gears of 2 inches circum- 
ferential pitch. The total weight of the machine is about 80,- 


000 pounds. 
* * * 


LIGHTNING CLOSES DOWN NIAGARA FALLS 
POWER PLANT. 


(Special Correspondence.) 


The most disastrous accident which has ever happened to 
the Niagara Falls Power Co.’s plant, interfering with its trans- 
mission of power to Buffalo and the surrounding towns, oc- 
curred Thursday evening, January 29th. An electric storm 
passed over Western New York, with heavy thunder and light- 
ning, the temperature being high, and yet within a few hours 
a snow storm followed with a corresponding lowering of the 
temperature. 

The lightning struck a local 2,200 volts line of the Niagara 
Falls power plant, forming a short-circuit in the cable bridge 
through which all of the conductors are carried, connecting the 
5,000 horse power generators in the power house with the 
static step-up transformers in the transformer house across 
the canal. The roofing of the cable bridge and the trans- 
former house being of wood was instantly on fire and all of 
the cables crossing the bridge were totally destroyed, shutting 
down the entire plant of 50,000 to 75,000 horse power. 

The new power house has five 5,000 horse power generators 
in place and in operation, but the temporary connections made 
with the transformer house were interfered with by the fire, 
resulting in a complete closing down of the generators. In 
extinguishing the fire large quantities of water were poured 
into the transformer house, completely deluging the static air 
cooled transformers and making them useless, until they could 
be thoroughly dried out. 

Fortuuately, there was a large stock of high tension lead- 
covered cable on hand, which was being used for the new 
power house work, and this was immediately pressed into serv: 
ice. Superintendent Philip P. Barton and his engineers 
were soon at work, and before morning thirty-six new cables 
were in place and a new roof was constructed for the trans- 
former house and bridge, and four 5,000 horse power alterna- 
tors were placed in operation. 

It will undoubtedly be some time before the entire plant is 
in perfect working order again, but most of the power users 
were supplied with current before Friday night. Probably 
no other accident could be imagined which would so com- 
pletely disable the entire Niagara power plant as the burning 
out of the cables in the bridge conducting the current to the 
transformer house from the ten 5,000-horse power generators in 
power house No. 1. 

The accompanying photograph shows the interior of the 
transformer house and conductor bridge with its new roof 
and cables in place the morning after the fire, with 20,- 
000 horse power being generated in the two power houses, 
While this was a most satisfactory piece of emergency work, 
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it might have been impossible to accomplish had the new 
cable not been ready for the new power house construction, 
although it is stated a large stock of this highly insulated 
lead-covered cable is constantly kept on hand. 

It was of course a most serious matter for many of the 
users of Niagara power, as many of them opefate their plants 
day and night, and a shut-down of even a few hours is very 
disastrous. This is particularly so in reference to many of 
the electrochemical plants using electric furnaces, and also 
of factories where many men are employed. The power 
plant of the Niagara Falls Hydraulic and Mfg. Co., which 
obtains its power from a surface canal through the city of 
Niagara Falls, was able to give great assistance during this 
serious trouble, to local users. 


View of Tunnel after Fire, showing Burned Timbers, New Roof and New Cables 


The original power house with its 50,000 horse power and 
the five new generators already installed of 25,000 horse power 
capacity in power house No. 2, make a total of 75,000 horse 
pewer available when the full plant is in operation. This 
power is not only used for lighting Niagara Falls, Tonawanda 
and Buffalo, but it also practically operates all the railways in 
Western New York, as well as a large proportion of the elec- 
tro-chemical works and factories on the Niagara frontier. 

The street railways service and the lighting service of the 
city of Buffalo were greatly affected by the accident at the 
power plant. The large storage batteries of several thousand 
horse power hours’ capacity carried the load for a short time, 
but they were soon exhausted under the heavy discharge. 
The street railway storage battery was utilized until the large 
reserve steam plant could be placed in operation, but the car 
service was badly crippled until the Niagara power was again 
ready for transmission, although the car lines were never en- 
tirely shut down. 

The Cataract Power and Conduit Co., however, were not so 
fortunate as to have a steam plant available, and they could 
furnish no current to their customers. The Buffalo General 
Electric Co., and many of the manufacturers were unable to 
get power until late Friday, which caused much inconven- 
ience. For this reason many of the newspapers were unable 
to operate their presses, and the three newspapers having 
reserve steam power, the News, Express and Commercial, 
aided the Times, Courier and Enquirer. 

The fifteen 5,000 horse power generators, and all of the ap- 
paratus of both power houses No. 1 and No. 2 are in perfect 
condition, the reports to the contrary notwithstanding, and 
only a very small proportion of the static step-up trans- 
formers were damaged in any way by fire or water. The 
lightning did not strike the high tension lines of 22,000 volts, 
put the damage was confined to the 2,200 volts cables con- 
necting the transformer house and power house No. 1. 

This disastrous fire at the Niagara power house shows how 
much care should be taken with the apparatus for protection 
against lightning and the desirability of using fireproof 
materials exclusively in every portion of an electric plant. 
The duplicating of transmission lines is now extensively prac- 
ticed and is undoubtedly advisable, and unquestionably engi- 
neers of the new Niagara power plants on both sides of the 
river will consider the causes of this serious shut-down in all 
their phases and endeavor to make such an accident impos- 
sible in the future. 

As the other power stations are installed the liability of @ 
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complete shut-down will become less and less, as power may be 
transferred from one power house to the other. The unex- 
pected happened in this case, and there is little liability it 
will ever happen again. A second conductor bridge with 
duplicate cable would have rendered the accident less trou- 
blesoine, as ‘“‘all the eggs would not have been in one basket” 
and the current could have been conducted to the transformer 
house through the duplicate sets of cables. It is also ques- 
tioned by some prominent engineers whether it is desirable 
that all of the transformers of a 50,000 horse power plant 
should be placed in a single building, as the burning out of 
one set of transformers may affect many others.—F. C. P. 
* * * 


THE DATA SHEET FOR THIS MONTH. 

The data sheet accompanying this month’s issue of Ma- 
CHINERY presents a diagram for designing band brakes that 
was computed by Mr. C. F. Blake, Muskegon, Mich. The di- 
rections accompanying this sheet adapt it for use in designing 
band brakes having arcs of contact from 20 to 300 degrees. 
The diagram, as prepared, considers the coefficient of friction 
as equal to 0.3, while the table of directions supplies formulas 
for calculating the desired quantities with any coefficient. 

Assuming a problem to illustrate the use of the chart, let 
us suppose a force P= 1,800 pounds is to be held by the 
brake, having an arc of contact of 180 degrees; coefficient of 
friction of .3; length of arm B}=4 inches and force applied 
by the operator =128 pounds; what is the required length 
of the arm a? 

Starting at 1,800 pounds under f= .3, follow up to the 180 
degree line, thence to the right to the line representing } = 
4 inches, thence down, meeting the horizontal line from 128 
pounds on line representing a—36 inches. This will be the 
length required. Looking in the column headed 7, we read 
1,150 pounds, which is the pull upon the loose end of the 
strap. This multiplied by kK—=2.56, obtained from’ the table 
opposite 180 degrees and under f— .3, will give T. the pull 
upon the tight end of the strap as 2;944 pounds. 3 

Upon the third page of the sheet is a diagram for deter- 
mining the weight of cast iron pulleys. This diagram was 
prepared, and the formulas deduced, by Mr. William Sangster, 
Jamaica Plains, Mass., and is the result of an investigation 
of a very large number of pulleys of acceptable design. The 
Mines are the result of two factors—one a constant for each 
diameter and the other a factor of diameter and face. It may 
readily be seen that an equation, probably varying as the 
square of the diameter, would give the weight of arms as a 
constant for each diameter of pulley, and this equation is ex- 
pressed by 

-0362 D? — 2. 
The rims on the larger pulleys are thicker than those on the 
smaller ones, and the equation 


0175 Dt87 + 8, 


gives the weight of rim for each inch of width. D in each of 
these equations represents the diameter of the pulley in 


inches. The combined equations 
.03862 D?—2-+ (.0175 D187 + 3) W. 
where W= face of pulley in inches, will be found to be 


fairly accurate for estimating pulleys from 10 to 42 inches in 
diameter. Pulleys under 10 inches in diameter easily vary 
from 100 to 200 per cent. in weight, owing to the various sizes 
of shafts with their corresponding diameters of hubs, so that 
the diagram and formulas are not to be used for close approxi- 
mations for pulleys under 10 inches in diameter. 

The table of geometrical progression which appeared in the 
February number of Macuinery has been put into data sheet 
form, for the convenience of the draftsman and designer, and 
forms the fourth page of the sheet for this month. 

Cr yt 

Radium, the curious and wonderful element which seems to 
possess intrinsic energy and emits light without loss of 
energy, so far as discovered—the next thing to perpetual 
motion—sells at the rate of $900,000 a pound, although we do 
not know that there is so large a quantity as this available at 
the present time. If it is true, however, that its energy is 
inexhaustible and as a substance it is indestructible, it would 
be cheap at any price, considered as an investment. 
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THE EFFICIENCY OF MECHANISM.* 


WITH SPECIAL REFERENCE TO HOISTING MACHINERY. 
Catt KEE 


When undertaking the development of any machine the 
designer is promptly brought te face the question of the prob- 
able efficiency of the mechanism he wishes to employ. If the 
machine belongs to a class with which the designer has been 
long familiar, he may be able to judge closely from past ex- 
perience as to what efficiency to assume in his present calcula- 
tions. If the designer cannot bring to his aid such past experi- 
ence, he may be told by the chief engineer to assume a 
particular value for the efficiency. Failing in both past ex- 
perience and the availability of the chief engineer, the 
designer may attempt a wild guess, more or less remote from 
actual conditions, possibly seeking information from a hand- 
book, where he may find something like the following, from 
D. A. Low’s Pocket-book for Engineers: 

Mechanical efficiency of machines. 

P =force acting at the driving point, 
W = force acting at the working point, 


velocity of working point 
ry velocity ratio of the machine, = —_— 
velocity of driving point 


p =value of P when W=0O, 
e€ =a coefficient, 
# =mechanical efficiency of the machine. 


P 
When friction is neglected — =r, 
Ww 


when friction is taken into account P=(1+e) Wr-op. 

For a particular machine the preceding equation reduces to 
P=mW + k, where m and k are constants determined from 
experiments with the machine. 


Wr W r 


E = ————_ —_ = ——. 
(l+e)Wr+p mw+tk 

This is exceedingly disappointing, as the inconvenience of 
experimenting with a particular machine yet unbuilt, with a 
view of determining constants to be used in calculations dur- 
ing its design, is apparent. Consequently the aforesaid wild 
guess is too often used as a basis from which to calculate the 
probable performance of the machine. 

The determination of the efficiency of any elementary por- 
tion of a machine by analysis is a comparatively simple mat- 
ter, and by roughly dividing the proposed machine into several 
such elementary portions, and determining by analysis the 
efficiency of each element, the approximate efficiency of the 
whole machine may be determined. The following analysis 
of some simple portions of machinery may easily be extended 
by the application of the same reasoning to other cases, and 
the tables may form a guide for an intelligent guess which 
will come nearer the truth than a wild guess. 


Efficiency Defined. 

The force exerted to run any kind of machine is used in 
the performance of two functions: To perform the intended 
useful work for which the machine is designed; and to over- 
come the frictional resistances in the several parts of the 
machine. If the machine could be considered as running with 
absolutely no frictional resistance between its moving parts, 
we should have the product of force into space moved equal 
to the product of load into space moved; or 

Lh 
P, <1 ————— i Sb hei Shales) ees k we (1) 

s 
in which P,= the theoretical force, which acting through a 
space s, will move a load LZ a certain distance h, under the as- 
sumption that there are no frictional resistances in the ma- 
chine. 

The force exerted through the space s, must, however, over- 
come the frictional resistances within the machine, as well as 
the resistance of the load LZ through the distance h. Let W= 


125 = IGA 


* This article will be completed in two installments, of which this is the 
first. The present installment considers the efficiency of simple pulleys 
and sheaves and of ropes, with a discussion of general principles. The 
concluding instaliment will take up the efficiency of tackle, gears, winding 
drums and finally a complete hoisting apparatus, which will include the 
various elements previously treated.—EDITOR. 
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the sum of all the frictional resistances within the machine, 
and w — the sum of all the distances through which the sevy- 
eral frictional resistances are overcome. Then Ww=the 
work done in overcoming the frictional resistances of the 
several parts of the machine. The actual force, acting through 
a space s, besides being required to move the load a distance 
h, must in addition be sufficient to overcome the frictional. re- 
sistances within the machine itself; so the actual effort re- 
quired to move the load is, 
Lh+ Ww 
Ps=Lh+ Wvuw, or P = —- 
s 
Thus from (1) and (2) it is seen that the actual force P 
must be greater than the theoretical force P,. 
The ratio of the theoretical to the actual force is termed 
the efficiency of the machine; thus 


a 
IP 

As has been seen, P is always greater than P,, and it follows 
that the efficiency of any machine being always less than 
unity, represents the percentage of the force exerted which 
is actually employed in moving the load. The use of this 
ratio expressing the efficiency is of the greatest value in prac- 
tical problems relating to the force required to run any given 
machine; as, in the most complicated cases, the theoretical 


force 
Lh 


s 
in which the three factors L, h, and s, are known for each 
particular case. Thus a knowledge of the efficiency e of the 
particular machine under consideration enables the designer 
to determine at once the force required for the particular 
case, as 

IZ JER 

e = —, and P= —- 

d é 
The value of e for any machine is easily computed when the 
efficiencies of the several moving parts are known. IUEG Gin Gy, 
€; ——— en be the efficiencies of the several moving parts of 
the machine; then the efficiency of the whole machine is, 


Cl Crea x Cae Cn eerie (3) 
Since the moving parts of most machinery may be reduced to 
a few classes or heads, a knowledge of the average values of 
the efficiency of each class will, in all cases, enable the de- 
signer to arrive at results sufficiently accurate for practical 
purposes. 

In the preceding discussion it has been assumed that the 
force P acts in a direction to move the load forward, and that 
the frictional resistances act against the force P, in the same 
direction as the load L. The relation of power to load and 
frictional resistances is well illustrated in the case of a crane; 
and such a machine will hereafter be used in the discussion, 
it being understood that what is said applies as well to any 
class of machinery. 


Efficiency of Backward Motion. 

When a crane is at rest with a load L suspended, the force 
P is being exerted to maintain the load in suspension, and 
prevent it running down. In this case the frictional resist- 
ances within the machine are acting in the same direction as 
P, and usually the work Ww done in overcoming them is the 
same for the backward as for the forward motion; while L 
becomes the actuating force, and P acts as a retarding force 
to prevent acceleration when lowering the load. 

hus when the load is being lowered we have, 


Lh— Ww 
Ji, SIP 42 WY 0, O18 12 SS sor (3) 


while as before we have 


which clearly indicates that when lowering the load, the force 
P, which must act to prevent acceleration, is less than the 
theoretical force P, By the efficiency of a machine for the 
backward motion is understood the ratio of the actual force 
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required to prevent acceleration when lowering the load, to 

the theoretical force required to effect the same result could 

the frictional resistances within the machine be neglected. 
Thus for backward motion, 


e=—- 

ea 
Substituting in this equation the values of P and P, in (3) and 
(4) we have, 


from which we see that when Ww = Lh, e = O, and the inter- 
nal forces of frictional resistance and L are balanced without 
the application of P; also when Ww is greater than Lh, e has 
a negative value, and an additional force P acting in the same 
direction as L, must be applied at the point of application of 
the power in order to lower the load. 

A negative value for e on the backward motion may there- 
fore be taken as an indication that the load will remain sus- 
pended upon the removal of the motive power. This is a 
feature especially to be desired in all cranes as a Safety de- 
vice for those operating them. It is, however, often obtained 
by the sacrifice of high efficiency on the forward movement. 
For the forward motion we had 


e=— 
IP 


and substituting in this equation the values of P, and P from 
(1) and (2) we have, 


s Lh 
5 : 


= LiL Wi Epa 


Ss 


which, under the assumption that the work done in overcom- 
ing the frictional resistances within the machine is the same 
for both forward and backward motion, and assuming the lim- 
iting case Ww = Lh, becomes 


Lh 1 
e 


DLh+tLlh 2 
Thus the efficiency for the forward motion of all elementary 
self-locking machines which automatically sustain the load,. 
never exceeds 50 per cent., while for cases where n is negative 
the efficiency, is less than 50 per cent. 

This statement is true for all elements in machine design 
intended to be used as power transmission. elements for the 
forward movement, while being expected, from the nature of 
the design, to resist all backward impulses due to the load 
when the power is removed. It is possible, however, by the 
introduction of devices which, being idle during the forward 
movement, are called into action by the slightest backward 
movement of the parts to which they are attached, and which,. 
being so put into action, present additional frictional resist- 
ances acting in the direction of the force P, to design a ma- 
chine of any given efficiency for the forward movement, which 
will automatically sustain the load when the power is removed. 


Rigidity of Ropes. 

When considering the efficiency of the different classes of 
mechanism combining to form a hoisting machine, it will be 
seen that the resistance of ropes to bending around sheaves. 
and drums enters largely into the equations for the efficiency 
of these parts. Any rope offers resistance, by reason of its 
rigidity, when wound onto a sheave or drum, while by reason 
of its elasticity, little or no resistance is offered when it un- 
winds and passes off the sheave or drum. 

In Fig. 1 let 7 = the tension in the on side of the rope 
about to be wound around a sheave, and 7 + TT, = the tension 
in the off side of the rope; then 7, = the force required to 
bend the rope around the sheave while under the tension 7’. 
Let R, = the radius of the sheave, and d = the diameter of 
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d 
the rope, while r = the radius of the rope = — 
2 


Then let R, + r=R. 
The lever arm of the rope axis on the off side is, 
bet Ra rs RR: 

Considering the on side of the rope, the fibers on the outside 
are stretched, while those on the inside are compressed, and 
the resultant of these two forces with the force 7 will lie to 
the outside of the rope axis—a distance denoted by h. 

Then the lever arm of the on side is 

ab=R,+t+etr+h=]R+e+h. 

The distance e is given by DuBois as 


e = —, for hemp rope and 
T 


kR 
e = —— for wire ropes, 


where k is a constant to be determined by experiment. 


The condition for equilibrium is then 

kR IRN, 
T(R+ — +h) =(T+T;) Rf, or T: a arg 
af 


Experiment gives this formula the form, 


CL 
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Efficiency of Ropes and Fixed and Movable Pulleys. 


0.09 T 
T, = 1.08 + for wire ropes, 
100 + 0.22 T 
is for tarred hemp rope, 
R 
4+ 0.065 T 
Gh -—— for untarred hemp rope, 


where 7’ and 7, are expressed in pounds, and R in inches. 
(DuBois. ) 
The efficiency of the rope, neglecting the journal friction of 


the sheave, is 
ip 


eas 
T+T, 

Example: A one-inch wire rope under 20,000 pounds ten- 
sion is wound over a 15-inch sheave. Neglecting the journal 
friction of the sheave, what force (7 + 7) will be required 
to raise the load of 20,000 pounds? 

Here 7’ = 20,000. 

een Oe 
Rese 
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0.09 & 20,000 


then, 7’, = 1.08 + = 226.08 pounds, 


8 

and T + T, = 20,226.08 pounds. 

The efficiency in this case is 

Te 20,000 
Ca a —-— = .989 
T+T, 20,226.08 

The following table, No. 1, gives the efficiency of plough steel 
wire ropes when strained to their full. working capacity, and 
wound over sheaves or upon drums of the smallest diameter 
that should ever be used with each size of rope. It will be 
observed that the diameters given in this table are much 
smaller than those recommended by the rope manufacturers as 
the minimum to be used with each size of rope. The diameters 
given here are those in constant use by many of the foremost 
crane builders, it being found impracticable to use the large 
sheaves and drums recommended in the space at the disposal 
of the designers. 


TABLE I. EFFICIENCY OF WIRE ROPES. 


Min, Diam of Efficiency 
Drum or ae 
Diam Sheave ei 
of Rope under Rope. T+T, 
\y 10 982 
54 12 985 
By 14 987 
% 16 989 
1 18 .990 
1k 20 991 
114 22 992 


Average, .988 


The Fixed Pulley. 
Let Fig. 3 represent a fixed pulley or rope sheave, over 
which a rope is passed, by means of which a force P is to lift 
a load L. The spaces s and h through which P and ZL move 


respectively are equal (s = h), hence neglecting all friction 
and lost power, we have the theoretical force, 
DE Mi ecty ln beckon ceo eee eau GORE ERR es Ae (1) 


The wasteful resistances to be overcome are: Ist. The stiff- 
ness of the rope requiring the additional force 7,, which may 
be added to the load, making the total force acting in the on 
side of the rope 

Q= L-+ T,, and 
2nd. The journal friction due to the resultant pressure L, of 
P and Q, and the weight w of the sheave. 

Produce P and Q to meet at b, and draw be produced to a. 
Lay off to any convenient scale bd, = Q, and draw d,a parallel 
to Pb. Then ab = L,, and when measured to scale gives the 
resultant pressure on the journal due to P and Q. Lay off on 
bd, to the same scale as before, be =w, the weight of the 
sheave. Draw ef parallel to ab, and draw bf. Then dbf = W, 
and when measured to scale gives the total pressure W on the 
journal, due to the resultant of the forces P and Q and the 
weight w of the sheave. 

We now have three forces acting, P, Q, and W, of which Q 
and W are acting in the same direction, opposed to P, and as 
the distances through which these forces move are propor- 
tional to the lever arm in each case, we have the condition of 
equilibrium, letting the coefficient of journal friction = ¢ 

PR=QRiWro 
VGR+Wroe 


ae ae a (2) 


R 
From (1) and (2) we have the efficiency 
1, LR 


= aa, 


iP. QGR+Wre 
In making calculations, we may at first neglect the stiffness 
of the rope, in which case QY = L, and we have the efficiency 
with the rope neglected, 


LR 


= —_—_______ 


LR+Wro@ 
Let e, = the efficiency of the rope from the table No. 1. 
we have the efficiency, including the rope, 
Ci CHEE Cs 

The maximum value of LZ, is reached when P and Q are 
parallel, and is then P + Q = 1,; the weight w of the sheave 
may be neglected as having little influence upon the efficiency; 
the rigidity of the rope may be neglected at first and brought 


Then 
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into the solution afterwards, as shown above; and P + Q 
2, Then under these assumptions, viz, W = L,—= P+ Q 
2L, and Q = L, we have by substitution in (2) 
LR+2L2r¢ 
P= — SS ae aay etalon ie retege: omen (3) 
R 


Thus from (1) and (3) we get the minimum efficiency of a 

fixed sheave, neglecting the weight of the sheave, and letting 

the efficiency of the rope = e, as above 
Coeler aL 


= —_— = — —————— = 
iP. LR+2Lr¢@ 


183 
The following table, No. 2, gives the minimum efficiency of 
the smallest diameter of sheave allowable with each size of 
rope, assuming in each case the load L on the rope to be the 
full working strength of the rope, the are of contact to be 180 
degrees, the coefficient of journal friction .08, the diameter of 
journal pin 4 inches, and values of e, taken from table No. 1. 


lI Il 


TABLE NO. 2. EFFICIENCY OF THE FIXED SHEAVE. 


e e 
Diam. of Diam. for Rope, for Coeff. of 
Rope. Sheave. Table I. Sheave. Resistance, 

A 10 982 .925 1.081 

56 12 .985 936 1.068 

BA 14 987 .945 1.058 

he 16 .989 .952 1.050 

1 18 .990 957 1 045 

1% 20 990 .961 1.040 

14 22 .992 .965 1.036 

Average, .988 .948 1.055 


From (3) we have, including the efficiency of the rope é,, 
€2(R +d?) 
a 


R 


) L, and letting 


y hel ye Be Siren eC et URN (4) 


in which k is the coefficient of resistance of the sheave and 
rope combined. From (1) and (4) we have, 
iB Ie 1 
e= — = —— = — and 
P Ig IL k 


In the fifth column of the above table the values of k are 
calculated under the same conditions as are those of e, so that 
knowing either the power applied, P, or the load to be lifted, 
L, the other may be easily calculated with sufficient accuracy 
by the use of the above tabular values in the two equations 

P= Lande =e 

For the backward motion when the load is descending, we 

have 


P=kL 
and 
iP. 
L=— 
k 


The distance through which L acts is equal to the distance 
through which P acts; hence letting s equal this distance, we 
have the work performed at the point of application of each 


force, P and L, as 
IBS 
IPR eal LS == 
k 


and the efficiency 
IES 1 
GS SS SS 
JES k 
Thus the efficiency of a fixed sheave is the same for the 
backward as for the forward motion. 


Movable Pulley or Sheave. 
In the case of movable pulleys or sheaves, Fig. 2, as in pul- 
ley blocks, the ropes are always parallel, or nearly so, and 
letting Q — the tension produced in the on side of the rope by 


the load L, we have 
: P=kQ, 


and the condition of equilibrium is 
L=P+Qq=Q+k0=Q(1 + k). 


To raise the load L a distance s, each end of the rope must 
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be shortened by a distance equal to s, and as the end Q is. 
fixed, this is accomplished by the end P moving upwards a 
distance equal to 2s. 
The energy exerted is P X 2s, or 
2kQS, 
and the useful work performed is Ls, or 


Qs(1 + k), 


while the efficiency is 
Qs(i+tk) 1+k 


oy aK: 2k 


al 
The efficiency of a fixed sheave was shown to be e = —, and 
k 


as k is always greater than unity, we see that the efficiency 
of a movable pulley is greater than that of a fixed pulley. 
For the reverse motion, with the load descending, we shall 
have the tensions in the ends of the rope reversed, and 
=P. 
while as before, 
L=P+Q=P+ hP—]P (1: 
The energy exerted is 
ib ss IES Cl ape 12), 
while the useful work performed is 
2ps, 
and the efficiency is 
2Ps 2 


i = 
Ps(i+hk) 1+k 
for the backward movement. 
The following table, No. 3, gives the minimum forward effi- 
ciency under the same conditions as for table No. 2: 


TABLE NO. 3. EFFICIENCY OF THE MOVABLE PULLEY. 


Efficiency. 
Coef. r+k 
Diam. of Diam Resistance c= 
Rope. Sheave. k. 2k 

Vy 10 1.081 .962 

54 12 1.068 .968 
¥ 14 1.058 972 
% 16 1.050 976 
1 18 1.045 978 
1% 20 1.040 .980 
1y 22 1.0386 .982 
Average, 1.055 974 


* * * 


ELECTRIC FURNACE VS. BLAST FURNACE. 

One of the electrical enthusiasts, to whom probably all 
things seem possible by the use of electricity, has endeay- 
ored to show that iron ores can be electrically smelted cheaper 
than they can be reduced in the ordinary blast furnace. The 
Engineering News cruelly knocks this “pipe dream” in the 
head—allowing such dreams have heads—in an analysis of 
the matter published in a recent issue. Mr. Rossi by a marvel- 
ous juggling of figures in the Iron Age showed that a ton of 
pig iron manufactured in a blast furnace, would cost $12.47; 
in an electrical furnace, only $12.15. To secure this result he 
charges up iron ore to the blast furnace men at the rate of 
$4.50 per ton. The electrical furnace is supposed to get it 
for 75 cents a ton. The feature of the matter to be seriously 
considered, however, is the assumption that electrical energy 
can be furnished by water power for $10 per year, which, of 
course, could not be done on a large scale except perhaps at 
Niagara, Sault Ste. Marie, and some undeveloped water powers 
in the west. But even allowing that it could be, the invest- 
ment of capital would be greatly in favor of the blast furnace 
plant. A blast furnace having a capacity of say 350 tons per 
day could be erected for $1,000,000 in round figures. An elec- 
trical water power plant capable of developing 60,000 horse 
power is estimated to cost probably five or six times that 
amount. Such a large investment would be out of the ques- 
tion. The conclusion is that an electric furnace can by no 
means compete with the blast furnace. 


* * ® 


“Big Ben,” the famous clock in the tower of the House of 
Parliament, London, is regularly wound by hand and it takes 
two men 12 hours each week to complete the operation. This 
is the way it is done in England, but it is not the way it 
would be done in America. 
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CURRENT EVENTS, TECHNICAL AND MECHANICAL—LEADING ARTICLES OF THE MONTH. 


The Farmers’ National Bank Building, which is to be the 
largest structure in Pittsburg, and one of the tallest office 
buildings in the world, is nearing completion and will be 
occupied early in March. The entire building is to be lighted 
with Nernst lamps, made by the Nernst Lamp Company, of 
Pittsburg. There are to be installed 1,000 55-watt single 
glower, 1,250 88-watt single glower, 20 two-glower and 20 six- 
glower lamps, and although different units will prevail in 
the building, the quality of light will be the same throughout, 
this being one of the features of Nernst Lamp illumination 
in distinction from the combination of arc and incandescent 
lights ordinarily found in large interiors. 


A new step in the generation and distribution of power is 
to be taken at Pittsburg in connection with a new group of 
office buildings to be erected in the neighborhood of Fifth 
street and Duquesne Way. One plant will furnish light, heat 
and power for the entire group of five or six buildings, in- 
eluding the Bessemer building, corner Sixth street and 
Duquesne Way. The power equipment will include two 1,500 
H. P. Westinghouse-Corliss engines, of the horizontal, cross- 
compound type, running non-condensing, and the exhaust 
steam will be used for heating purposes. On account of the 
high river water universally experienced in lower Pittsburg, 
the engines will be placed upon the ground floor instead of 
in the basement, while the boilers will be located on the 
second floor of the plant and supplemented by suitable coal 
and ash handling. appliances. 


In connection with its other projected improvements in 
New York and vicinity, which were already of a stupendous 
character, the Pennsylvania Railroad has made plans to spend 
about $10,000,000 additional in securing an all-rail connection 
with the New York, New Haven & Hartford Railroad. The 
plan is to build a bridge and viaduct two miles long, the 
bridge beginning at Port Morris, New York, and crossing to 
Long Island. The bridge will be built from Port Morris to 
Randall’s Island, thence to Ward’s Island, and across Hell 
Gate to Astoria, Long Island. The span across Hell Gate will 
be 840 feet long and 135 feet above high tide. The steel for 
the structure, weighing 61,000,000 pounds, has been ordered 
from the United States Steel Corporation and will cost some- 
thing like $3,250,000. A line will be built from the Astoria 
end of the bridge to connect with the Long Island Railroad 
and the viaduct at the other end on Manhattan Island will 
complete the desired connection with the New Haven road. 


The steam turbine equipment of the Hartford Electric 
Light Co., which was the first large installation of thé kind 
in the country and has attracted a great deal of attention 
among engineers, is to be added to in the near future. The 
present Corliss engines will be replaced by two 1,000 H. P. 
turbines, direct-connected to revolving field polyphase gen- 
erators. These units will operate in parallel with the 1,500 
K. W. unit first installed. Superheated steam at 150 pounds 
pressure will be used. The original turbine at this plant has 
at one time or another given considerable trouble, owing, we 
understand, to the facts that opportunity was not afforded to 
completeiy test and adjust it at the works, and that the man- 
ager of the Hartford plant decided to increase the steam 
pressure after the wheel was installed, making it necessary 
to operate the turbine under conditions for which it was not 
adapted. It is significant that in spite of these difficulties the 
turbine has proved its worth sufficiently to warrant replacing 
Corliss engines with additional turbines. 


There has been considerable speculation as to the effect of 
the “tooth of time” on the modern steel frame building popu- 
larly known as skyscrapers in New York, so the tearing down 
of one of these structures in this city has attracted some 
attention. The building in question was the Pabst Hotel, at 
the corner of Broadway and Forty-second street, which was 


erected in 1898 and which had to be torn down to make room 
for a larger structure to be erected by the New York Rapid 
Transit Railway for a station. So far as critical examination 
can show the framework of the building was in perfect condi- 
tion, but since it had been erected only four years this evi- 
dence is not very conclusive. It does show, however, that the 
agencies that work for deterioration have not made progress 
in that space of time. The beams and girders were practically 
all incased in concrete. The tearing down of the frame was 
the reverse operation of its erection, the rivet heads being 
knocked off with a set-chisel and sledge and the members 
lowered by a derrick. All parts were carefully numbered for 
re-erection. 


FLUE DUST BRIQUETTING TO BE TRIED. 


In the Engineering Review of our January number was a 
somewhat extended account of the process for briquetting ore 
dust from blast furnaces. It is now announced that the Jones 
& Laughlin Co. will make a trial of this system which, if 
successful, will not only mitigate one of the worst nuisances 
of an iron and steel plant—the intolerable dust—but will also 
effect an immense saving. That the briquetted dust is of a 
quality suitable to use there is no question, but it remains 
to be proven whether the briquettes are strong enough to 
withstand the pressure of the ore and coke with which the 
furnace is charged. It is said that over 13% per cent. of the 
fine Mesabi ore used by this company escapes from the blast 
furnaces in the form of dust, and this is said to mean a loss 
of over $350,000 a year. It is estimated that if the briquet- 
ting system were also used in the oil regions there would be 
a saving of over $1,000,000 annually on the total shipments of 
ore, from the fact that as now transported freight must be 
paid on an immense weight of water with which the ore is 
saturated. This water would be eliminated in the briquetting 
process, and, as previously stated, the estimated saving would 
be $1,000,000, or very much more than would be necessary to 
cover the expense of briquetting. 


MORE ABOUT THE PROPERTIES OF NICKEL STEEL. 


Nickel steel alloys in varying proportions have many 
strange properties. We have already mentioned the very 
small coefficient of expansion possessed by nickel-steel contain- 
ing about 36 per cent. nickel, being something like one-thir- 
teenth that of wrought iron. An article by M. Paillot in the 
Journal of the Société Industrielle du Nord de la France, 
states that the magnetic properties are quite as interesting. 
An alloy of 25 per cent. nickel with steel, is not magnetic at 
ordinary temperatures, although its components are strongly 
so, but when subjected to a very low temperature it becomes 
magnetic and preserves this state when brought back to the 
normal temperature. Alloys which generally contain less 
than 25 per cent. nickel contents, are strongly magnetic under 
certain conditions, but lose their magnetic property when 
heated to cherry red and only resume it when cooled to a 
very low temperature. An alloy containing slightly more than 
25 per cent. nickel, is only magnetic at temperatures below 
the freezing point of water. Some alloys diminish in density 
by about 2 per cent. by passing into the magnetic state. Again 
wires made of steel containing 24 per cent. nickel resemble 
soft brass wires when in the non-magnetic state, but in the 
magnetic state they become springy as though made of hard- 
ened steel. 


ELECTRICALLY-EQUIPPED HOUSES. 


It is said that the electrical equipment of the reconstructed 
White House is the most complete to be found in all the coun- 
try. Elaborate arrangements are provided for lighting the 
house and grounds effectively during receptions or other state 
functions, and there are numerous electrical appliances for 
use in the kitchen, for operating the elevator automatically 
without the need of an attendant, and for other purposes. 
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There are two telephone systems—one for the use of the 
President and his family, and the other for State uses. 

While this installation is on a large scale, it is douptful 
whether it is more complete than that in the somewhat fam- 
ous house of Chas. R. Barnes, the New York State electrician, 
at Rochester, N. Y. Mr. Barnes has made this equipment his 
hobby, without regard to expense, and he has even gone to 
the extravagance of heating his house by electricity. The 
heaters are controlled from a single switchboard in the li- 
brary, and a unique feature that must appeal to any lazy man 
is that the heat may be turned on without the sleeper having 
to venture from the protection of the warm coverlets. 

In the kitchen are electric cooking devices—including an 
oven for baking—and less necessary but very desirable ar- 
rangements, such as electric chafing dishes and what is called 
an electro-therm, which is a flexible pad heated by electricity 
and used like a hot-water bottle. The lighting system is very 
complete, there are electric fans in every room, and last 
Christmas a tree was decorated with 600 incandescent lamps. 
This electrical installation may possibly be the forerunner of 
what is in store for the most humble householder a few years 
hence. 


NEW PRESIDENT OF STEVENS INSTITUTE. 

On February 5th, Mr. Alexander C. Humphreys was inaugu- 
rated as president of Stevens Institute of Technology, Hobo- 
ken, N. J. The ceremonies consisted of exercises with ad- 
dresses by leading educators and other prominent men, with 
a reception in Carnegie laboratory, Stevens Institute, and an 
alumni dinner at Sherry’s, New York. The new president, in 
his address, outlined his views of technical education, con- 
tending that the competent engineer should not only be 
trained in mathematics, mechanics, physics, etc., but in cer- 
tain broadening subjects such as English, logic, history, 
modern languages, economics, and business methods. Upon 
the latter he laid especial stress, and said, “It is not enough 
that the technically trained engineer should be practical in 
the shop and in the field; he must be practical in his ability 
to meet business men on their own ground. Some engineers 
fail to secure success because they carry too large a propor- 
tion of science; some because they have not enough, and 
others because they fail to recognize that commercial effi- 
ciency must outweigh theoretical efficiency. The training of 
the engineer must be a harmonious blend of science, practice, 
and commercial judgment.” 

Mr. Humphreys has long been identified with Stevens In- 
stitute as a member of the Trustees and was practically the 
unanimous choice of trustees, faculty, students and alumni 
for the office of president. He was born in 1851 in Scotland 
and when he came to this country began life in the insurance 
business and later was connected with the Bayonne and 
Greenville Gaslight Co., Bayonne, N. J., finally becoming their 
general superintendent. At this time he was desirous of 
securing a technical education and made arrangements to 
take lectures at Stevens Institute in connection with his regu- 
lar duties at Bayonne. He distinguished himself in his 
studies in spite of the restricted time that could be devoted 
to the course of study, and graduated with such honors that a 
special vote of commendation was passed by the faculty of 
the institute—an unprecedented recognition. Mr. Humphreys 
has devoted his life to the engineering of gas plants and for 
several years held the position of superintendent of the United 
Gas Improvement Co. of Philadelphia. Ultimately he was con- 
nected with the sales and other commercial departments of 
the business, giving special attention to the development of 
the water-gas branch of the business, of which he made a 
specialty. In 1894 he resigned from this company and estab- 
lished the firm of Humphreys & Glasgow, consulting engi- 
neers, London, with offices also in New York, making a speci- 
alty of water gas. Mr. Humphreys at one time or another 
has been the chief executive of over 50 gas and electric 
companies and in all his work has been distinguished by rare 
executive ability. 


A DUST-PROOF BUILDING. 
There is one building in Pittsburg from which smoke and 
soot are excluded and whose occupants do not have to wonder 
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whether their lungs are slowly becoming carbonized. It is 
perhaps the only smokeless and dustless spot in the city. 
This building, according to the Pittsburg Leader, is the one 
containing the offices of the Pittsburg & Lake Erie Railroad. 
The windows and doors are made to fit as tightly as possible, 
the former even being packed with felt to exclude the dust, 
and the whole interior of the structure is supplied with pure 
air by an elaborate ventilating system which maintains a 
pressure in the building slightly in excess of atmospheric 
pressure. The air enters through an intake on the roof and 
passes directly to the basement, where it goes through a 
chamber fitted with hot water heaters used in winter to par- 
tially warm the air and prevent freezing of the apparatus. 
From this it passes through a washer or spray room in 
which is a system of water jets for precipitating the dust in. 
the air, and it finally passes by a series of baffies or sheet iron 
plates, which are intended to catch the surplus moisture in 
the air. The air is again heated and driven through ducts 
into the various offices by a large fan, which fan also serves 
to draw the air down the intake from the roof. A second 
series of baffles has also been installed to reduce the humidity 
of the air as much as possible and their application seems to 
be reasonably successful, since we are informed that even in 
summer weather the air is not moist enough to be uncomfort- 
able. The air enters the rooms through grated openings 
in the ceiling, to which deflectors are applied to dissipate 
the current. Other grated openings near the floor connect 
with a duct leading to a suction fan on the roof. It is evi- 
dent that circulating a large quantity of air in the condition 
in which it is found in Pittsburg would ordinarily result in 
coating everything with black soot in a short time, but it is 
said that papers or books left standing for weeks in this 
building remain clean and show no indication of the smoke that 
is So annoying everywhere else in the city. 

In other respects also the building is modern, as for ex- 
ample in the supply of ice water, which is delivered to all 
parts of the building by a pipe system. The water is dis- 
tilled by an independent plant, and is kept circulating in the 
pipes, so that it is not necessary to let the water run before 
using. 


ELECTRICAL VS. COAL CAR TRANSMISSION. 


The Blectrical World and Engineer discusses editorially 
the electrical transmission of energy vs. coal car transmis- 
sion. In Colorado the comparison between these two methods 
has been more actively considered than in any other locality. 
The cost of hauling coal in a level country by modern railroad 
methods seems to be so low that the cost of a transmission 
line with the fixed charges thereon will wipe out any ad- 
vantage to be gained from using the coal directly at the mines 
and transmitting the power. In the mountains of Western 
Colorado, however, there are cases where there is no question 
as to the economy of transmitting at high voltage rather 
than hauling fuel to the station from some inaccessible mine. 
In the Cripple Creek district conditions are such as almost 
to balance the two methods. In this latter district can be 
found power transmitted 26 miles at high voltage from a 
plant located near the coal mines, and also power supplied 
from a plant in the district. In this case the country is moun- 
tainous. But that there is little difference between the cost of 
power when transmitted and the cost when generated in 
the district, is shown by the fact that engineers of national 
reputation have been responsible for the building of both 
types of plants. Farther east in Colorado, at Denver and 
Colorado Springs, where the country is comparatively level, 
nearly every large generating plant that has been built dur- 
ing the past few years, has been erected only after a careful 
consideration of the ultimate cost of power from a plant lo- 
cated at the coal mines as compared with a plant located in 
the city. Coal is found near both Colorado Springs and 
Denver. So far, however, only one plant has been built at 
any considerable distance from a city for the purpose of get- 
ting its coal at the mines. 

But the cost of coal transportation is not the only thing 
to be considered in this connection. Skilled labor of the 
kind necessary to operate a large generating plant, can be ob- 
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tained at the mines only at a much higher rate than if the 
plant were located in more congenial surroundings. Min- 
ing communities are likely to be lonely places for a man who 
is skilled in power house operation; and if the right kind 
of men are to be kept there, they must be paid for staying. 
Furthermore, it is frequently figured that if the station is 
located at the mine, it is for the purpose of utilizing the 
slack and coal dust that would not be shipped because of its 
low grade. If this kind of fuel is used, it requires a large 
boiler capacity per kilowatt, because in practical operation 
there is always the possibility that a poor streak of fuel will 
get into the furnace about the time the heaviest load comes 
on. To provide for such emergencies, the boiler capacity 
provided must be larger than would otherwise be necessary. 
Hence, in view of these considerations, it is safe to assume 
that in a level country the high-voltage transmission line as 
a competitor of a railroad cannot show a saving. 


THE MODERN BATTLESHIP. 
World’s Work. February, 1908. 


An English writer has recently described a battleship as the 
“Jast word that mechanical genius, naval construction and 
cash payment can say in aggressiveness.” From the fighting- 
top to double bottom, from ram to sternpost, she is the most 
complicated machine the mind of man ever conceived. There 
is scarcely a trade or an art that is not represented in her build- 
ing. She is a house that must be lighted, ventilated, drained, 
and painted. She is a fort that must carry guns of heaviest 
calibers for fighting other battleships; guns of medium size for 
piercing the comparatively thin protection of armored cruis- 
ers; scores of rapid-firers for protecting herself against tor- 
pedo boats, and even a battery of small Colts for picking off 
sharpshooters and exposed men. Above all, she is also a ship 
to be taken to sea, to make passages from port to port and long 
ocean voyages. Moreover, she is a hostelry in which there 
are 700 men who must be clothed, fed and housed, and for 
whose use there is provided an ice plant having a capacity of 
three tons of ice per day and evaporators that daily produce 
16,000 gallons of fresh water; there is also a bakery and an 
enormous kitchen for cooking. Besides the ponderous main 
engines of say 16,000 horse power there are perhaps neariy 
one hundred auxiliary engines or about the same number of 
electric motors. The boilers, with their 46,000 square feet of 
heating surface, must not be forgotten, nor the coal bunkers, 
which, in the Oregon, for instance, have a capacity sufficient 
to steam that vessel a distance of 5,500 miles without re- 
coaling. 


NEW METHOD OF TESTING WIRE. 
Abstract from Paper read by Arthur Falkenaw before the En- 
gineers’ Club, November, 1902. 

In a paper read before the Engineers’ Club of Philadelphia 
by Arthur Falkenau, November 1, 1902, a new method and 
machine for testing wire were described. The author says that 
plow steel wire rope, is or should be the best for any pur- 
pose. The term “plow steel’ refers to wire having a tensile 
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Fig. 1. Plan of Machine for Testing Wire. 


strength of 200,000 pounds per square inch and even higher. 
The wire for ropes for all sizes from 21% inches diameter to 
the smallest, should be uniformly graded in strength from 
200,000 to 275,000 pounds per square inch approximately. But 
it does not follow that wire of this high strength will neces- 
sarily show a reduced number of bends received in testing; 
on the contrary if the wire is made from good quality of stock 
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and properly treated the number of bends should be increased. 
The ability to resist bending stresses, is, of course, the prin- 
cipal limiting factor in the life of wire ropes, as the most 
serious wear comes from the constant bending around sheave 
wheels or drums. Wire must be selected that will stand the 
greatest number of bends through an angle of not less than 
90 degrees under a load uniformly proportionate to the ulti- 
mate strength of each test specimen. Of course this load 
must be below the elastic limit. If this plan is followed it is 
not necessary to consider either the torsional or elongation 
test, simply because wire rope is not subject to either of these 
strains when installed. 

The machine for making the bending tests is shown in dia- 
gram by Fig. 1. The specimen of wire, A, is introduced into 
the grips B and C and passed between the hardened steel 
blocks at D. For a tensile test, turn the handwheel H, which 
screws the head J out along the bed K, producing a tensile 
stress in the wire which is transmitted through the lever L 
to the scale M, which is shown on edge. The bending test is 
made by applying the desired initial load by means of the 
handwheel H, then rotating the handwheel Ff, which swings 
the arm # by means of the connecting-rod @ and bends the 
wire about the hardened steel blocks at D. 

This machine has shown that the old method of bending 
test, is unreliable. By the old method, low carbon steel or 
double-worked refined iron even may be made to show more 
bends than the best plow steel. But if the test is made under 
the same conditions, subjecting each specimen to a load of, 
say, one-fourth its ultimate strength, as can be readily done 
in this machine, the plow steel will at once show its super- 
iority for rope. 


THE COOPER-HEWITT ELECTRIC MERCURY LAMP, AND 
STATIONARY CONVERTER. 


Engineering (London),January 16, 1903, p. 82. 

The remarkable mercury vapor lamps devised by Mr. Peter 
Cooper-Hewitt are now being exhibited at the offices of the 
Westinghouse Company, Norfolk street, Strand. These lamps 
can be run off any ordinary continuous-current electric light 
supply system, and show an efficiency of 3.3 candles per watt, 
(5 candles per watt is 100 per cent. efficiency), or for the same 
lighting require only about one-ninth the current taken by 
ordinary incandescent. The sole drawback to the light lies 
in its extraordinary color. There is a total absence of all 
red rays, and consequently all tints red by ordinary light are 
curiously perverted. A lady’s lips look purple; so that at 
present no attempt is being made to utilize the light for do- 
mestic purposes, as feminine opposition would be too strong. 
In other cases, however, the light has very great advantages. 
It is stated that it is an excellent light to work by, and this 
we can well believe. The light comes from a tube about 1 inch 
in diameter and about 3 feet long, and this tube is filled with 
a continuous glow from end to end. No portion of it has the 
painful brightness of a glow-lamp filament, and it is possible 
without discomfort, to gaze directly at a tube yielding a light 
of 700 candle-power. The light-giving vapor being so volum- 
inous, there are no sharp shadows; a fact which is of great 
importance in the lighting of warehouses and factories. The 
light is, moreover, highly actinic, and can be used advan- 
tageously for printing ordinary photographs or blue prints. 

The lamp consists of an exhausted glass tube having a bulb 
at one end. This bulb contains a little liquid mercury in 
which is immersed a platinum electrode, which passes through 
the glass, and is connected to the negative terminal of the 
supply system. At the other end of the tube is a second plati- 
num wire, which is coupled up to the positive main, and inside 
the glass has attached onto it a fragment of iron which forms 
the positive electrode. The bulb at the other end of the tube 
is covered externally with a conductive coating, which is 
connected up to the positive side of the supply. This coating 
and the mercury inside the bulb constitute, therefore, a small 
condenser which is of use in starting the lamp. Once the 
lamp is started, it is sufficient to maintain a difference of 85 
volts between the terminals. The whole tube is then filled 
with mercury vapor which has a temperature of between 
3,600 degrees and 5,400 degrees F. This vapor is continually 
condensing on the cold walls of the containing glass, whence 
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it finds its way back into the bulb, to be evaporated afresh. 
The amount in the state of vapor at any time is, however, 
extremely small, and consequently the glass does not get 
really hot, nor is the light obstructed by the portion con- 
densed on the interior surface of the tube. A much higher 
potential is required to start the lamp than to run it. This 
starting potential is obtained very simply by means of a coin: 
pound switch. This switch has two circuit-closers, one of 
which opens and closes the main circuit through the lamp, 
while the other throws in or out of circuit a coil of large self- 
induction, arranged in parallel with the lamp. In starting, 
the switch for the lamp circuit is first closed; but, owing to 
the high resistance of the lamp, no current flows. The second 
switch is then moved round; this first closes the circuit 
through the induction coil, and then breaks it. The spark on 
discharge has no path open to it, save through the lamp. It 
accordingly goes that way, breaking down its resistance, and 
the current can then be maintained through the lamp by a 
potential of only some 85 volts. The action of the induction 
coil is reinforced by the condenser formed between the mer- 
cury and the outer coating of the lamp bulb, as above de- 
scribed. Two or more lamps can be run in series. The sizes 
made range from 16 candle-power up to 10,000. The former 
has a tube 3 inches long by 1% inch in diameter and the latter 
a tube 12 feet long by 3 inches in diameter. The voltage 
can be adjusted within wide limits, since the resistance of 
the column of mercury vapor varies directly with its length 
and inversely with its diameter. The latter point is curious, 
and may, perhaps, be due to the column of vapor being hollow. 

The lamps are used only on continuous-current circuits, since 
a current can pass through them in one direction only. This 
fact has been applied to the production of a rectifier for alter- 
ing currents now being developed by the Westinghouse Com- 
pany, the device being Known as the “Hewitt static converter.” 
In this arrangement a vacuum tube or bulb containing only 
mercury vapor is fitted with a positive electrode for each 
phase of an alternating current, but has a single negative 
electrode only. As the current can pass in one direction only, 
a unidirectional current is obtained. Converters on this plan 
may be used for all voltages between 100 and 1,000 volts, and 
for all capacities up to 100 amperes. The efficiency is very 
high, the sole loss being the constant drop of 14 volts in the 
bulb. Hence with a 100-volt system the efficiency is 86 per 
cent., but with a 1,000-volt supply it is 98.6 per cent. The 
apparatus is cheap, and requires no more attention than an 
ordinary transformer. 


THE CONDITIONS NECESSARY FOR SUCCESSFUL COAL 
DUST BURNING. 
Abstract from Paper read before the Indiana Engineering 
Society by F. A. W. Davis. 

On account of the following advantages possessed by coal- 
dust fuel as enumerated by Mr. Davis, vice-president of the 
Indianapolis Water Company, that concern installed a plant 
costing some $25,000 for the purpose of manufacturing coal- 
dust fuel for their power plant: 

1. Cleanliness of the boiler room. 

2. Use of coal screenings (much of which now goes to 
waste). 

38. Perfect combustion of 80 per cent. of the coal. 

4, Reduction of the cost of coal for fuel, and the number 
of employees to handle it. 

5. Ready facilities for increasing the heat quickly, conse- 
quently the capacity of a boiler plant. (To many concerns 
this is important.) 

6. Lessening the quantity of coal wasted with the ashes. 

7. Lessening the quantity of ashes to be handled. 

8. Smoke prevention, a most desirable condition anywhere. 

The machinery installed by the water company for produc- 
ing powdered coal has a capacity of 140 tons in twenty-four 
hours, and is as follows: 

1. Cylindrical rotary drier through which all the slack coal 
is passed. The moisture must be taken out of all coal before 
it goes to the grinding machinery, otherwise it is impossible 
to grind it to the satisfactory degree of fineness. 

2. Rotary ball mill into which the coal is delivered from the 
drier. This is a drum 5 feet 6 inches diameter, and 3 feet 
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6 inches long inside, revolving at 22 revolutions per minute. 
This drum is partially filled with steel balls, which reduce 
the coal to 8 mesh, that is, so it will pass through a screen of 
8 meshes to one inch. 

3. The rotary tube mill which receives the coal from the 
rotary ball mill. This mill is a cylinder 4 feet diameter inside 
and 20 feet long, lined with buhrstones, such as used in flour- 
ing mill work, and is filled about one-half full of pebbles 
brought from Greenland (none being found in this country 
that will do the work). The cylinder revolves at the rate 
of about 25 revolutions per minute, and it reduces the coal to 
about 100 mesh. The tube mill requires 60 horse power to 
drive it; the ball mill, 18 horse power; and the drier, 8 horse 
power. 

Mr. Davis thinks, as the result of the knowledge and expe- 
rience gained with this plant, that one of the secrets of suc- 
cessful coal-dust burning is in grinding the coal almost as fine 
as flour, so that it will be consumed while suspended in the 
blast. This means that part of the ashes will be unavoidably 
carried into the tubes and there cause loss of heat unless 
means are provided for their removal. He concludes that the 
chief difficulties to be overcome in successful coal-dust burn- 
ing, are: . 

1. Grinding the coal to the proper degree of fineness. 

2. Regulating the quantity of dust required to produce the 
heat; also the quantity of air and its pressure to burn it. 

3. The proper construction of the furnace. 


HYDRAULIC FORGING PRESS. 
Zeitschrift fur Werkzengmachinen und Werkzenge. 
By IOS = is WE), 

A forging press whose construction is shown in the accom- 
panying engraving has been recently built by Haniel & Lueg 
at Dusseldorf, Germany. The press itself consists of a simple 
hydraulic cylinder, with a 
steam cylinder placed above it f 
as the source of power, and is 
attached to the press itself by I A 
means of steel connections B. : 
The piston rod that runs down 
from the steam piston forms 
the ram for the cylinder D of 
the press. By means of the 
difference in the diameters of 
the steam pistons and this 
plunger a pressure of about 
6,000 pounds per square inch 1s 
exerted by the head FH of the 
press upon the material to be 
worked. The development of 
the hydraulic pressure and its 
transference to the ram head 
of the machine take place in 
the same chamber. There are, 
therefore, neither the valves 
nor the piping that are usu- 
ally found where high pres- 
sures are to be used. 

The lifting of the head, af- 
ter accomplishing its work, is 
effected by means of two pis- 
tons FF, which are under con- 
stant pressure of about 1750 
pounds and whose piston rods 
GG take hold of the four cor- 
ners of the head of the press. 
As soon as the steam pistons 
are relieved of the pressure 
upon them the withdrawing 
cylinders lift the head and 
draw it back to its uppermost 
position. 

The speed of this press is 
dependent upon the speed with 
which steam can be admitted to and exhausted from the 
upper cylinder, and this can be done at the rate of from thirty 
to forty times a minute—G. L. F, 


December 
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Fig. 2. Hydraulic Forging Press. 


March, 1903. 


THE CUTTING ANGLES OF TOOLS. 


Abstract from Paper read before the Institution of Mechanical 
Engineers by H. F. Donaldson, January 16, 1903. 


The author gave an account of tests made under his direc- 
tion at Woolwich to determine the best angles for lathe tools 
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of leverage multiplied by the indicated pressure gave the 
actual pressure. 

In one test in which the pressure on the tool was deter- 
mined for different depths of cut, a pointed tool like that 
shown in the diagram, Fig. 3, was used, having a front cut- 


made of the new high-speed, self-hardening steels. He first ting angle of 60 degrees; front clearance, 5 degrees; side 
TABLE I.—-SHOWING BEST RESULTS IN OPERATING ANGLES OF TOOLS. 
f f 
Diameter. mpece oF Speed of Tool. Tools and Angles. PSO et ial Sg Shavings. Specimen, 
| : ‘ | After Wor 
Material, Index an. ' aK: Lie ee 
No., and Degree eee dg ms i FON oot WR 9 | S | Lubricant J ee ss Eirep 
of Hardness. te e 158) ee] g o 3 od |ds/os|He]o8] & Used. vay eli a Oey ¢ vs. | © 
e | 2 (29 eel | el og i-So |SPISBros ise! § os aa as| & 5 8 jal 
Pree oeteg mel ec) a | eS a Oa te gee |e E pag go) S ta | & lale 
oo | & 7 1S) 2) bat | © SS ns 68 BA a: 
wa oO S| dan} A A jOR FSS 
eee 1 Nios en ae ee in. | ins mins inch, aces deg.| deg.| deg.| deg. agen Fahakal 1) os OS 7 
ee a oda 
WHE 3.4 8.2 | 18] 15| a | 8 6.75108.) 75 / 69/2 [2 | 83/4) Hye. Yes Yes Good 
ee sir 70) 82) | 6) 6 | < | 50 | za] 8 |B | 88 “ eave et von Te 
: / _( Rough | | 
pare t 5 5.7514.95 | 18] 27] | 8/9] « | 623] 62g 1 [1 | 82 ‘ee nee ie reat Vache te 
IV. C. Steel | fe | ( Edge | | | 
Fe | 6 |5.45 | 18] 25 | | 1 [2.25] ~ | 65/63} 24] 1 | 42 “ «“ PiLongl |) et 
j | | 
V. Steel t/1 5 [1.25 | 70| 274] ¢, | 110.44) « | 62g! cea 3 | 3 | 42 Es Not Bees ee pant! 
HH. j | | | 
Mee SRI 8.35/7.5 | 54/12] 4 | 10 | 15 | 12M) 55 | 52) 4 | 5 | 35 a | Not| acy eee 
H. | | 
Mes attne t16.7516.25 | 53) 10 | | 18/44; « [ora] os}e |s |4o| [Not Yes|..| « 
eM tl 8 B75 | 20) 05) ay] 2] 2 |1Cs.) sr] os}3 fs ja] [Not veaiien speenulek: 
eee Tein 6 18) et) 2) 8 | © | 60}e4] 12/1/35) Nu |. Yes .. | Yes) « 
X. G.M.F. ](|8.87) 3 | 140/122 (0.02) 4 |1.45) « 61 64 3 0 | 35 |§ Soda pice TY Ca peg eee! 
HH. {| 8 (2.7 |320|251 [0.03] 6 0.6) « | 61| 64/8 |0 |.85){ Hyd. §|Not eV Yes best * 
tee Bota t 2.6 2.87 |s20 217 0.03 6 06; « |) 74/2 |5 |s5|-  « see | Yes| « 
Gre ph eka {8.5 [8.25 |s2ole93 0.08 5 0.5| « | 73) 74/2 |5 | 85) Nil |No Yes) « 
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“Very hard material indicated HHH. Oil-hardened material indicated O. Forged material indicated F. 
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Hard material indicated H. Soft material indicated Ss. 


laid down the conditions that, what a tool will do depends 
upon: 1. The material of which it is made. 2. The nature 
of the material to be worked. 38. The speed it is to work at. 
4. The depth of cut. 5. The width of feed. A diagram was 
introduced in the paper, Fig. 3, to make clear what he meant 
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Fig. 3. Illustrating Cutting Angles of Tools. 

by the cutting and clearance angles of tools. The top and 
side pressures on the tool were determined by a simple appa- 
ratus mounted on the tool-holder by means of which the pres- 
sure was transmitted hydraulically to ordinary pressure 
gages. The tool was balanced on a knife edge and the factor 


cutting, 60 degrees; side clearance, 5 degrees; and horizontal 
angle, 40 degrees. In this trial medium hard steel at a speed 
of 14.65 feet per minute, feed 1-32 inch, depth of cut 0.1 inch, 
developed a pressure of 81.25 pounds on top of the tool. With 
the same speed, but a feed of 1-20 inch and a depth of cut of 
0.125, the pressure increased to double or 162.5 pounds, being 
directly proportional to the cross-section of the cut in this 
case. 


TABLE II. LIMITS OF CUTTING ANGLES. 
: 3 _ 
b S eal g 3 
+3 = 23 oe Ss 
a eo | §2 | sa 5 
ce B Er iage We 
deg. deg. deg. deg deg. 
For cutting mild steel ..| 52 to 60 50t060 38to8 38to8 388to 48 
For cutting medium steel | 54 to 63 60 to 65 38to8 8to8 33 to 43 
For cutting hard steel ..| 65to78 60.to070 3to8 38to8 33 to 43 
For cutting soft yellow | 
MNGtal vis cet eae S| 62 to 74 | 62 to 74 8to8 (8to8| 33 to 38 
For cutting medium yel- | 
low metal iis foes ss. 62 to 74 70 to 75 pe 10.8) NaS 38 to 38 
For cutting hard yellow 
Mota) Bees e stony. cer 60 to 80 60 to 80 | 3to8 Bto8. 33 to 38 


While the author found that a sharp-pointed tool gave the 
least resistances, he admits, of course, that in actual work 
the rounded nose tool is the best. It is stronger, and having 
more metal takes the heat slower, and gets rid of it quicker. 
He condemns spring tools, laying great stress on the necessity 
for absolute stiffness and rigidity in the tool and its support. 
In all the tests the top of the tool was set slightly above the 
center of the work, the amount varying, of course, with the 
diameter. He finds that the ruling factor in fixing cutting 
angles, must in all cases depend, to a large extent, upon the 
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hardness of the metal to be worked; the harder the metal 
the more obtuse the angle. In Table I are tabulated the best 
results in operating angles of lathe tools. The lubricant was 
not flooded on, but was only dropped in small quantities. 

In Table II the author gives what he considers to be limits 
of cutting angles. The discussion following the reading of 
the paper indicated a keen interest in the subject, and the criti- 
cism was of a very intelligent character. The full paper and 
discussion may be found in Engineering, date January 23, to 
which we are indebted. 


THE YEARLY COST OF ONE STEAM HORSE POWER. 
Engineer, February 2, 1903. p. 1465. 


Wm. O. Webber says that there is misunderstanding in re- 
gard to the cost of steam horse power. While it is true that 
the cost per horse power in the larger plants developing 1,000 
to 1,500 horse power may be from $22 to $26 per year, it is by 
no means true that these figures hold for smaller plants. Mr. 
Webber has had occasion in the last few years to make up the 
figures on the cost of a number of small power plants. From 
these figures he has made up the accompanying table: 
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which would be a close check on the 400 horse power plant, 
where surely a condensing engine would be used. De Courcey 
May gives the corresponding figures as $33, which is consid- 
ered to be too low for so small an engine as 400 horse power, 
though approximately correct for an engine as large as 100 
or 800 horse power. On the larger engines, which would be 
either triple expansion, or compounds with a ratio of expan- 
sion corresponding to a triple, the figures of $23 for a 1,500 
horse power engine check very closely. 

Some little time ago, Mr. Webber averaged the figures of a 
number of estimates made by several different authorities, 
with the following results, 100 horse power, $63; 200 horse 
power, $45; 300 horse power, $37; 400 horse power, $32; 500 
horse power, $29; 600 horse power, $28; 700 horse power, 
$27; 800 horse power, $26; 900 horse power, $25; 1,000 horse 
power, $24; 1,500 horse power, $22; 2,000 horse power, $21. 

These figures he believes to be correct for the larger horse 
powers, but are too low for the smaller powers, principally be- 
cause these have been based on mill plants, where better types 
of engines prevail, and more attention is given to economical 
administration. 


COST OF ONE HORSE-POWER PER ANNUM. 


Ten-hour basis, 308 days per annum. 


Sizecof plantahiee ba eee 100 | 200 | 800 400 500 600 700 800 900 1,000] 1,500} 2,000 
Cost of plant, per Ho Po... 16. 2: $170.00 $146.00 | $126.00 | $110.00 | $96 00 $85.00 $76.00 $69 00 $64.00 $60.00 | $58.00 | $56.00 
Fixed Charges at 14%............. $23.80 | $24.40 | $1765 | $15.40 | $13.45 $11.90 $10.65 $9.65 | $8.95 | $8.40] $8.12] $7:85 
Coal per H. P. H., pounds....... 7.0 | 6.5 6.0 | DAO 5 0 4.5 4.0 8.5 | 3.0. 2.5 2.0 1.5 
Cost of fuel at $4 per ton..... ... $38.50 | $85.70 | $33.00 | $82.00 | $27.50 $24.70 | $22.00 $19.20 | $16.50 | $18.75 | $11.00 | $8.25 
Attendance 10-hour basis........ 12.00 | 10.00 8.60 7,25 6.20 5.40 | 4.70 ZEA BRT h Bail) 3.25 3.00 
Oil, waste, supplies.......... ... 2,40 | 2.00 1.72 1.45 1 24 1.08; 0.94 0.83 0.75 | 0.70 0.65 0.60 
Total, coal $4.00 per ton.......... 76.70 68.10 60.97 56.10 | 4839 48.08 38.29 33.83 29.95 26.35) 23.02 19.70 
With coal at $5.00 per ton ....... 86.40 77.10 69.22 | 61.90 | 55.29 49.28 48.79 39.73 34.05 29.80) 2677) 21.75 
With coal at $4.50 per ton ....... 81.50} 7260; 65.07| 58.10) 51.79 | 46.18) 41.04 38628) 32.00 | 28.05 24.89 | 20.72 
With coal at $4 00 per ton ....... 76.70 68.10 60.97) 56.10 48.389 43.08) 38.09 33.88 29.95) 26.35 23.02 | 19.70 
With coal at $3.50 per ton ....... 71.90 63.70 | 56.82! 50.50| 45.04 89.98) 35.54) 31.48] 27.87 | 24.60 | 21.64) 18.67 
With coal at $3 00 per ton. ..... 67.00 59.20 | 51.67) 46.70) 41.49 36.88 32.79 29.038 25.80 | 22.90 | 20.27 17.65 
With coal at $2.50 per ton....... 62.80 | 54.75 48.59 | 48.00 | 88.88 33.838) 30.04 27.18, 23.75 | 21.20) 1889) 16.60 
With coal at $2.00 per ton. ..... De aloe 44.47 | 40.10 | 84.64 | 30.73 27.291) 24.28) 21.70 | 19:47 | Ve52s) 17 


In this table it will be seen that, while a 1,000 horse power 
installation of boilers, engines, buildings, chimney, and all 
accessories, costs about $60 a horse power, the same installa- 
tion for 800 horse power costs at least double per horse power. 
It has been found by these figures that the interest on the first 
charges should be 14 per cent., of which interest is 6 per cent., 
depreciation 4 per cent., repairs 2 per cent., insurance 1 per 
cent., and taxes 1 per cent. It will also be noted in this table 
that, while for a 1,000 horse power installation the coal neces- 
sary per horse power per hour for the main engine, pumps, 
condensers, etec., is only 24% pounds, on a small plant of 300 
horse power at least 6 pounds of coal must be allowed for 
these same purposes. The cost of fuel is given at $4 per ton, 
that being considered a fair average price, delivered on the 
fire room floor. 

The attendance varies very largely with the size of the 
plant. In a 1,000 horse power plant, three men in the boiler 
room during the day at $150 a day, and one night man at 
$1.50 would be only $1.85 per horse power. One engineer at 
$3 per day and an assistant at $2 per day would only be $1.54 
per horse power. However, $3.50 is allowed for attendants, 
instead of $3.89, which this would amount to. On the other 
hand, in a 100 horse power plant an engineer at $2.50 a day 
wouid be $7.72 per horse power, and a fireman at $1.50 a day 
would be $4.62 a horse power, amounting to a little over $12. 
In this case the amount is called $12, and the attendance for 
the other amounts of power is proportioned in a ratio which 
would apply to the different sizes of powers and numbers of 
attendants required. 

The cost of oil, waste, and supplies is also similarly pro- 
portioned, and the results check very closely with those found 
in average practice; also the figures given by such authority 
as Dr. Charles HE. Hmery, of New York, who makes the cost 
of a horse power with a simple low speed non-condensing 
engine, with coal at $4 a ton, about $76. De Courcey May 
gives a corresponding figure of $57, but this is known to be 
too low. Dr. Emery gives the cost of a horse power in a low 
speed condensing engine, with coal at $4 a ton, about $56, 


A WATER WHEEL FLOW RECORDER. 


Abstract of Paper read before the meeting of the A. S. M. E., 
January 26, 1903, by Prof. C. M. Allen. 


The recorder is designed for use where water power is sold 
by large companies to individual users, as at Holyoke and 
Lowell, Mass. In order to apply the machine the wheel for 

: which it is to register 
must be tested so that 
the flow at various 
gate openings and 
heads is known. A 
curve is then plotted 
between gate opening 
with gate openings as 
vertical ordinates, and 
head as horizontal,and 
this diagram—wrap- 
ped around a cylinder 
—is used as one 
boundary of a _ tooth- 
ed surface, the other 
of which is the verti- 
cal axis of gate open- 
ings. At the bottom 
of the cylinder this 
YE Ih toothed surface will 
| ean h come to a point, and 
ple at the top will nearly 
surround the cylinder, 
as seen at a. The 
grooved surface mesh- 
es with a small gear 
at the side of the 
cylinder, seen at OD. 
This gear turns the shaft c by means of a feather, and the 
shaft, in turn, by means of the gear d at the top, rotates the 
upper drum. 

On the upper drum the curve bounding the toothed surface 
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Fig. 4. Register for Flow of Water. 
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is plotted between flow and head, hence is a square root curve; 
and this surface engages an idler gear e on the shaft c, which 
meshes with a gear f, driving the shaft g by a feather. 

The shaft g moves the register wheels by means of bevel 
gears, as in the ordinary water meter. 

The lower drum is driven by a screw gear on the shaft h, 
which is belted to the water wheel shaft. 

The vertical position of gear b is controlled by a sprocket 
chain and wheel k, and varies with the gate opening, the low- 
est position corresponding to closed gate, and the highest to 
full gate. The gears e and f/f, on the same carriage, are con- 
trolled by the head acting on the wheel, being at the bottom 
of the drum when the head is greatest. 

The revolution counter is connected by sprocket and shaft to 
shaft #% and records the revolutions of the turbine. 

The lower cylinder, in one revolution turns the gear b a 
number of revolutions proportional to its distance from the 
bottom, hence proportional to the gate opening, and the upper 
cylinder, which is driven by b, also turns in proportion to the 
gate opening. The upper cylinder, in one revolution turns 
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thirteen of the engine-driven stations now operated by the 
companies. At present the lines south of Boston, comprising 
about 380 miles of track and designated as the Old Colony Di- 
vision, are operated from eleven separate stations, distributed 
irregularly over the territory served. Nine of these will be 
displaced by two steam turbine central stations, one aggregat- 
ing 9,000 horse power, located at Fall River, and one of 12,000 
horse power capacity at Quincy Point. The lines north of 
Boston, known as the Boston & Northern Division, comprise 
about 455 miles of electric railway track, and are now operated 
from ten separate power stations. Five of these power houses 
will be displaced by one steam turbine station, aggregating 
9,000 horse power, located at Danvers, Mass. The three 1,000 
horse power steam turbines mentioned are intended for a 
small combined lighting and electric railway power house at 
Newport, R. I., which is also under the control of the Massa- 
chusetts Electric Companies. 

The steam turbines, which, as stated, are of the Curtis vert- 
ical type, will run at the very low speed of 750 revolutions 
per minute, taking steam at 175 poulds pressure at the turbine 
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Fig. 5. Elevation of Steam Turbine Installation at Newport, R. I. 


the gear e a number of revolutions proportional to its dis- 
tance from the top, hence depending on the head. The record 
is therefore varied as the head and the gate opening vary. 
If so desired, the curve of the upper cylinder may be plotted 
proportional to the 3 power of the head, in which case the 
register will read in power developed instead of flow. 
Recorders have been in use for about two years, giving en- 
tire satisfaction, and have shown on careful test against a 
Venturi meter and a standard weir a maximum error of 3 
per cent. and a minimum of less than 1 per cent.—A. L. R. 


LARGE STEAM TURBINE INSTALLATION. 
Steam Engineering, February, 1903, p. 252. 


The Massachusetts Electric Companies, controlling about 
900 miles of street railways, have contracted with the General 
Electric Company for ten 3,000 horse power and three 1,000 
horse power steam turbines of the Curtis vertical type direct- 
connected to electric generators, making an aggregate of 33,000 
horse power. Mr. C. F. Bancroft, chief engineer of the Massa- 
chusetts Electric Companies, states that the ten 3,000 horse 
power turbines will be installed in three stations superseding 


nozzle. In each unit the generator is mounted on the upper 
end of the turbine shaft without the interposition of reducing 
gears of any kind. Alternating current of 13,000 volts, three- 
phase and 25 cycles per second, will be generated. Each of 
the larger turbines will be 12 feet diameter at the base, 19 
feet high and will weigh approximately 190,000 pounds. 
The Newport station plans provide for four 1,000 horse 
power Curtis vertical turbines, of which three are now being 
installed. The boiler room is to be fitted with equipment for 
supplying superheated steam on the Schmidt system, which 
may be used or not at will, the intention being to carefully 
experiment and note the action of the turbines with both 
saturated and superheated steam. Four 350 horse power 
Aultman & Taylor water-tube boilers, fitted with Green econo- 
mizers, will be installed at first. The separately-fired super- 
heater stands at one end of the line of boilers, and the ar- 
rangement of the steam piping is such that steam can be 
taken through the superheater or direct from the boilers. 
The annexed elevation, Fig. 5, shows one of these 1,000 
horse power turbines and gives the principal dimensions. It 
will be noted that the engine room floor level is above the 
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turbine proper, the generator only being above it. These 
generators are 500 kilowatt, 2,500-volt machines, built by 
the General Electric Company and run at the turbine speed, 
which is 1,800 turns per minute. The turbines are 7 feet 8 
inches diameter at the base and 12 feet 6% inches high from 
the bottom of the bedplate to the top of the governor cap. A 
heavy foundation of brick is provided for each unit, the di- 
mensions being 9 feet square at the top, 11 feet at the bottom 
and 514 feet high. Beneath this is an 18-inch bed of concrete. 


A NEW MOTOR DRIVEN LATHE 
WITH VARIABLE SPEED MECHANISM. 


Since the introduction of electric power for driving lathes 
and other machine tools, many designs have been made for 
adapting the motor to the tool. The first method employed 
was to run a countershaft from the motor and then drive the 
tool from this countershaft in the usual manner. Then build- 
ers began making provision for the motor as a part of the 
tool; yet even at the present date, in many of the electrically 
operated tools the motor has a decidedly “stuck on” appear- 
ance. The Flather Co., Inc., Nashua, N. H., have just brought 
out an electrically operated lathe which provides for incor- 
porating the motor as a part of the tool in a very novel man- 
ner, aS well as doing away with belts, chains or similar de- 
vices. 

The photograph, Fig. 1, illustrates their 14-inch engine 
lathe, which has been equipped in this manner, and Vig. 2 
shows a detail of the motor connections and driving mechan- 
ism. The motor is placed in a box leg, and while in the pres- 
ent case it is shown on the right hand side of the leg, it can 
be placed at the left equally as well. When placed as shown 
in the photograph a plate is cast in the bed to protect the 
motor from all chips and dirt. The body of the motor is 
held firmly in place by means of lugs fastened to it and in 
turn screwed to the leg, while the inner end fits into a hole 
bored in the cross ties cast in the leg. 

On the end of the armature shaft is a rawhide pinion, 4, 
meshing with metal bevel gears B-B, turning them in oppo- 
site directions. These gears are keyed to the frictions, C-C, 
and are connected or disconnected by the lever D. This lever, 
which starts, stops and reverses the lathe, runs the full 
length of the bed and is convenient at all times to the opera- 
tor. On the upper end of shaft H are keyed five metal flanged 
rawhide gears of different diameters, which mesh with five 
corresponding gears running loosely on shaft H. These gears 
are connected to shaft H, one only at a time, by means of a 
key, J, which slides in a keyway cut in the shaft. When the 
key I is moved from gear to gear by means of lever, J, it is 


Fig. 1. Flather Lathe with New Design of Motor Drive. 


depressed flush with the shaft by the collars placed between 
the gears G-G. By this means the key must be entirely out 
of one gear before the springs placed under the key can force 
it into the keyway in another gear; hence there is absolutely 
no way by which more than one gear at a time can be con- 
nected to the shaft H. On the upper end of shaft H is a bevel 
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gear L meshing with a similar gear on the lathe spindle 


where the cone is usually placed. Back gears are operated 


in the usual manner. The lever J is very convenient for the 


operator and can be moved while the lathe is running, giving 
a quick change of feed instantly, with practically no shock cr 
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Fig. 2. Details of Connections between Motor and Lathe Spindle. 


jar. The motor can be removed for inspection without dis- 
turbing any other part. 
The lathe has been so designed that about any make, speed, 
or style of motor, either direct or alternating current, can be 
used, thus meeting the needs of each customer. 
The bevel gears have planed teeth, which re- 
duces the noise to a minimum, while placing 
the mctor as low as possible prevents any Sway- 
ing or vibration. 
* * * 

Some time ago it was decided by a certain 
magistrate in Sheffield, Eng., that some utensils 
made of a malleable iron to which 25 per cent. 
of boiler punchings had been added, might be 
regarded as steel instead of iron. An analysis of 
the mixture showed the composition to be sub- 
stantially the same as that of steel. While it 
could not be denied that the mixture was differ- 
ent from steel, and in reality malleable iron, yet 
no chemical or microscopic test Showed wherein 
it differed. Prof. J. O. Arnold, of the Univer- 

' sity College, undertook to find out what a logi- 
cal definition of steel would be. He was finally 
obliged to resort to a definition based upon the 
process used in making the material rather 
than to a definition of the characteristics that 

should be possessed by the material. The question “What is 
steel?” therefore, still requires a direct answer. The quali- 
ties of certain grades of steel border so closely upon those of 
certain grades of iron that it seems impossible to know where 
to draw the line other than to give a description of the means 
of producing the metal. 
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STEEL AND ITS TREATMENT.—7. 


ANSWERS TO INQUIRIES. 
E. R. MARKHAM. 


The writer is pleased to note a growing interest in the sub- 
ject of hardening steel, and should this be due in any measure 
to the series of articles on this subject published in MAcHIN- 
ERY he will feel amply repaid for the part he has taken. As 
so many letters have been received from readers who were 
desirous of learning some point not brought out in the arti- 
cles, it has seemed wise to answer them in the form of an 
article, rather than to answer the letters personally. In the 
latter case only the party receiving the letter would be bene- 
fited, while if published in the form of an open letter, or 
article, some who have not made inquiries as to the cause of 
troubles they were experiencing will be enlightened also. 

In the first place, to become a successful hardener one must 
be somewhat familiar with the nature of steel. This knowl- 
edge may be gained by a study of books written on this sub- 
ject, but while there are many works devoted to this subject 
there are few that would be of any special benefit to the aver- 
age mechanic. The writer would, however, recommend Met- 
calf’s work entitled “Steel, A Manual For Steel Users,” in 
which the subject is presented in a clear, concise manner, and 
ean readily be understood by any man of ordinary intelli- 
gence. The composition and nature of steel is treated of in 
a way that will benefit any careful student of the book. 

Another work which the writer found of much value when 
studying the subject was written by an English authority— 
W. Matthieu Williams. 

Letter No. 1 informs me that the writer had a number of 
long tools to harden, and becoming greatly interested in the 
heating of steel in red hot lead, he decided that this would 
furnish an ideal method of heating the tools. Results were 
anything but satisfactory, the steel was brittle, the tools did 
not stand up well, one part was apparently not as strong as 
another, and in fact he didn’t believe (upon trial) that red 
hot lead furnished as satisfactory a means of heating steel as 
one might imply from reading articles on the subject. When 
the hardened steel was broken the grain was coarse, and 
withal he “was very much dissatisfied with results obtained.” 

Now, in answer to the foregoing, would say, that probably 
no one method so universally used in heating steel is the 
cause of as much annoyance as red hot lead—because certain 
points are not observed. While an impure lead may lead to 
unsatisfactory results, so far as the surface of steel is con- 
cerned—and for this reason chemically pure lead should al- 
ways be used—yet an open grain is the result of high heats, 
In other words, the amount of heat a piece of steel receives 
rather than the method of applying it, affects the grain. Then 
again lead is not as hot on the surface as lower down in the 
crucible, and consequently when long pieces are heated the 
portion of the steel near the bottom of the crucible is apt to 
be much hotter than that nearer the top, unless the lead is 
stirred occasionally to equalize the heat. This undoubiediy 
accounts for the difference in the amount of brittleness in 
various parts of the piece. 

Unfortunately very little attention is paid in most shops 
to the location of any apparatus used in heating or making 
steel. If after installing the machinery there is a place left 
in the shop that apparently can never be used for any other 
purpose, the furnace used for heating steel is placed there. 
Many times the location is directly in front of a window or 
where some strong light will shine in it, or in the workman’s 
eyes; and, as a consequence, the heats cannot be observed as 
they should be, and steel is overheated. To obtain satistac- 
tory results the furnace must be so located that the heats can 
be readily observed by the operator, or the articles will be 
overheated. Lead furnishes a very satisfactory method of 
heating small pieces of work, if care is observed in selecting 
the lead and in the amount of heat given. 

Letter No. 2 contains the following complaint: ‘When 
hardening milling machine cutters, of the form shown in 
enclosed sketch (Fig. 1), the steel cracks at the root of the 
tooth. A cutter with 20 teeth will sometimes come out of the 
bath with only 9 or 10 teeth that are not cracked, and in many 
cases the teeth will have been broken off entirely, and will be 
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found in the bottom of the tank. We are using what is rec- 
ommended to us as the best steel for the purpose. Can you 
recommend a good steel for the above-mentioned tools, 
that will not crack when it is hardened?” 

I am very loath to say anything about a make of steel for any 
given purpose; because, in the first place, it is evident that 
the fault is not altogether, if at all, in the steel used, but 
rather in the manner in which it is used. Almost any of the 
leading brands of steel on the market give good results if 
properly treated, and none of them act satisfactorily unless 
properly treated. And in many cases the steels that give best 
results if handled properly, require more careful treatment 
than some steels that will not do as much work when hard- 
ened. It must be borne in mind that steel is given a higher 
percentage of carbon than formerly so that tools may run at 
higher rates of speed, and cut harder stock than formerly. 
The higher the percentage of carbon the more care it must 
receive when being heated. 

When steel is heated it is expanded to a considerable de- 
gree, and when plunged in the cooling bath the process of 
contraction takes place. Now, 
as the teeth are slender, they 
chill, and consequently are hard- 
ened much more quickly than 
the more solid portion between 
the bottoms of the teeth and the 
hole. Being hardened they are 
unyielding and cannot conform 
to the contraction of the balance 
of the piece, which continues for 
some time; and the result is that 
the heavier portion is reduced in 
size and shape, and the teeth, be- 
ing inflexible, cannot conform 
to the change. Consequently the steel is torn apart at the 
point where the two portions—teeth and body—join. 

If the process of annealing is resorted to after the mill is 
blocked out to shape—or somewhere near to shape—the 
tendency to crack is reduced; this was explained in our arti- 
cle on annealing. 

Uneven heats are many times a source of trouble when 
steel is hardened, as then the steel is contracted more un- 
evenly than would otherwise be the case. Some hardeners 
get excellent results by dipping the cutter in a bath of water 
or brine having one or two inches of oil on its surface; the 
cutter is passed down through the oil into the water, which 
should be warmed somewhat. 

In the article in the January number an excellent method 
is described, namely, dipping in water or brine until the teeth 
are hardened, then removing and plunging into oil and leav- 
ing until cold. 

When it has not been possible, or has not seemed advisable 
for some reason, to anneal the blank after it was blocked out 
somewhere near to shape, it may be heated, when it is ready 
for hardening, to a red and allowed to cool off, and then re- 
heated and hardened. This has the effect in a measure of re- 
ducing the tendency to crack from internal strains. Never 
use cold baths for hardening articles of the description men- 
tioned; warm baths give fully as good results and are not 
nearly so apt to cause the steel to crack. This tendency to 
crack will be reduced if the angular milling cutter used in 
cutting the teeth is slightly rounded on the points of its teeth; 
sharp corners are always an invitation for steel to crack when 
hardened. 

The hardener should bear in mind the fact that the lower 
the heat given a piece of steel when hardening—provided it 
is hot enough to produce the desired result—the less brittle 
the steel will be, and the less liable to break from the effects 
of contraction. And again if steel is brittle it is necessary to 
reduce the brittleness by drawing the temper to a degree that 
makes it softer than it should be. Knowing this the hard- 
ener will endeavor never to overheat or heat unevenly a piece 
of steel, especially when it is of a form that betokens trouble. 

Letter No. 3 reads: “I am called upon to harden a great 
many springs, which are made mostly of sheet steel, punched 
and bent to shape. Formerly the springs were made of a 
good quality of tool sheet steel, and we had very satisfactory 
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results when they were hardened in lard oil, and the temper 
drawn by ‘flashing’ the oil. This was accomplished by placing 
the springs in a long-handled pan, moving the pan back and 
forth over a fire until the oil on the springs caught fire and 
burned. But our people were convinced that a cheaper steel 
would answer the purpose as well, and so bought some made 
especially for springs. This apparently hardens all right, but 
if the oil is ‘flashed’ off of it the springs are too soft.” The 
people who sold the steel state that others are having excel- 
lent results using this steel for springs similar to the ones 
we are making. Is the trouble with me or with the steel?” 

In answer to this would say that, not having tested the 
steel I do not know as to its adaptability for the job in hand. 
Many times steel is sold to the consumer by a local dealer 
who knows no more about the metal than a sailor does about 
preaching. It is advisable when ordering steel for such 
purposes as the one mentioned to consult the makers, telling 
them exactly what is expected of the article. Any of the reli- 
able steel concerns, when they know what is wanted of a steel, 
will furnish the desired quality, together with necessary in- 
structions as to treatment. However, as the steel used, ap- 
parently hardened all right it was, in all probability, not high 
enough in carbon to allow of drawing it as low as the tool 
sheet steel. Now in order to find the proper temperature it 
would be necessary to experiment somewhat. A few springs 
could be placed in a kettle of oil provided with a thermom- 
eter and whose contents were heated to 550 degrees, and the 
springs could be tested. If this temperature left them too 
hard, one could heat somewhat hotter, and this experiment 
could be continued until they show the proper amount of 
elasticity. An excellent spring can be made from steel not 
high enough in carbon to stand up when oil or tallow is 
flashed off of it, if it is heated to the proper degree when 
tempering. 

Letter No. 4 conveys the information that the writer has 
never done very much hardening, but has read every book and 
mechanical journal containing information pertaining to hard- 
ening steel, and consequently considers himself well qualified 
to take charge of such work. In fact he has succeeded in 
securing a position as foreman of a hardening plant, but cer- 
tain things have arisen that require expert judgment on mat- 
ters that are not considered in any of the books or articles 
he has read. Now it is a fact—unfortunately—that manufac- 
turers consider it necessary to make certain articles of a form, 
and from stock that must be treated somewhat differently 
from the ordinary methods. Right here the practical, ex- 
perienced hardener finds the information he has derived from 
the study of books and technical papers valuable; for, while 
the work in hand may be different from anything he has 
experienced or read about, if he understands the nature and 
peculiarities of steel, he will be able to devise a way of doing 
the work. Experience is a very valuable and necessary quali- 
fication for a man if he is to become a successful hardener of 
steel, but that alone will not qualify him to successfully meet 
new propositions. 

The study of steel, and of methods of manipulating it is 
intensely interesting and very necessary but taken alone it 
does not qualify one to become a hardener of steel, much less 
to take charge of a department doing this class of work. For 
matters are constantly coming up that require a certain 
“judgment” that can only be acquired by experience. In no 
branch of shop work is a man in charge required to rely more 
on the fruits of his past experience than in the hardening de- 
partment. If in addition to this experience he has a thorough 
knowledge of the metal he is working, he is an invaluable 
man. 

In the past the subject of steel and its treatment has been 
given very little consideration, but now that manufacturers 
are paying more attention to it the temptation is very strong 
for some men who have given the subject a little study and 
who in addition to this are blessed—or cursed—with too 
much self-confidence, to represent themselves as thoroughly 
competent to assume responsibilities. This can but end dis- 
astrously to themselves and to the concern employing them, 
and it must also reflect on the cause which the writer and 
others are trying to elevate, namely, the “Study of Steel and 
Its Treatment.” The only advice we can give the writer of 
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letter No. 4 is to give up his position before it is taken from 
him, and to get a job in a hardening plant doing a variety 
of work, becoming familiar with the work in hand. Then the 
value of his study will be apparent. But let him keep right 
ahead with his studies; he will never be too old to learn, or 
if he does get too old to learn, he can take it for granted he is 
too old to continue in this line of business. 

Letter No. 5 informs me that a party is having trouble hard- 
ening cylindrical pieces; soft spots are constantly bothering 
him. It may be a little consolation for him to know that he 
is not the only hardener who has been troubled with soft 
spots when hardening work of a cylindrical form, especially 
such pieces as have surfaces perfectly plain; that is, without 
teeth or other irregularities. But as the knowledge that 
other people have similar troubles is of little practical value, 
we will consider a method—or rather some methods—of doing 
away with this trouble. 

A very common error in the making of articles other than 
cutting tools is to use steel just large enough to clean out 
when machined. As a consequence the decarbonized portion 
referred to in a previous article is not removed entirely, and 
the result is soft or spotty surfaces. Then again, if the piece 
is heated in a manner that exposes it to the action of the air, 
or to the fire, the surface is liable to become oxidized, and the 
scale of oxide raises in the form of blisters, holding the con- 
tents of the bath away from the steel. Thus it cannot come 
in contact with the steel, and therefore it cannot absorb the 
heat at this point rapidly enough to cause the steel to harden. 
This tendency to oxidation may be overcome by placing the 
article in a tube or some receptacle which will prevent its 
contact with the air or fire. Better results will follow if the 
articles are packed in a box or tube with some carbonizing 
material, the receptacle being sealed with fire clay to keep 
the air from entering and the gases from escaping. When 
the steel has reached a uniform low red heat remove the 
pieces and dip in brine. If the material for making the article 
is tool steel, the carbonizing element used may be charred 
leather. If, however, it is high carbon steel, better resuits 
will follow if a mixture of hoofs and horns is used in place 
of charred leather especially if the steel is to be exposed to 
the action of the carbonaceous material for any length of time 
after it is red hot. An excellent plan is to place a quantity 
of chemically pure cyanide of potassium in an iron dish or 
crucible, heat it to a low red, suspend the article in it until 
it has reached a uniform low red heat, when it may be re- 
moved and immersed in a bath of brine or a solution of 
cyanide of potassium and water. 

My object in answering these questions through the col- 
umns of Macutnery is that I think, with the exception of 
one, that they are representative of troubles that may have 
been experienced by quite a number of readers. 

* oe * 

Molybdenum is a metal which, until recently, has been but 
little known outside of the laboratory, and its name even now 
is strange to the general public. Of late years, however, it 
has been much inquired for. It has been found superior to 
nickel for hardening and toughening steel. It is even better 
than tungsten for that purpose. Nickel makes steel tough; 
tungsten makes it tough and hard; but tungsten steel is dis- 
posed to crack under impact. Molybdenum makes the steel 
both tough and hard and does not make it brittle. It has 
the additional quality of keeping the steel cool. lis chene- 
fore, valuable in the manufacture of quick-firing guns. Molyb- 
denum is one of the most refractory of metals. It cannot be 
melted in any furnace, nor even under the blowpipe. Nothing 
but the electric current will reduce it to a liquid state. A 
current of about 50 volts and 900 to 950 amperes will melt it. 
The ore resembles lead, and is mostly found in lamine and 
thin wedge-shaped masses in quartz veins. It is generally 
composed of about 60 per cent. of pure molybdenum and 40 
per cent. of sulphur. The greater part of the ore supply has 
hitherto come from Sweden; but small quantities have been 
obtained from Maine and Arizona. Recently it was discovered 
in the county of Hastings, Ontario. At the present time 
molybdenum ore, carrying 60 per cent. of the metal, is worth 
about 400 dollars per ton, and the pure molybdenum about 
2 dollars a pound.—Iron and Steel Trades Journal. 
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LETTERS UPON PRACTICAL SUBJECTS. 


CUTTING OFF BOLTS AND CHAMFERING 
THE HEADS. 
Editor MACHINERY: 

I have had several occasions to use the style of forming 
tool described by Mr. Hayes under “Screw Machine Tools for 
Making Bolts” in the January issue, but have found it impos- 
sible to get a finished head on bolts or studs by chamfering 
with the side of the cutting-off tool, for the reason that when 
the tool begins to chamfer, it puts a side strain on the bolt 
an@ causes it to break off when the center of the stock is re- 
duced to about %-inch diameter. This leaves a rough spot 
and a burr extending from the center to the edge. 
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I have shown in dotted lines on the cut clipped from the 
letter by Mr. Hayes, the chamfering tool placed at the back 
and the cutting-off tool cut back, as also shown by dotted 
lines, to relieve the side strain and allow the bolt to remain 
until it drops off by its own weight. E. C. ARRY. 

Chicago, IIl. 


FAVORS A NEW SYSTEM OF MEASUREMENT. 
Editor MACHINERY: 

I have read with great interest the arguments pro and con 
the metric system and it seems to me that each party in 
the argument is too firmly fixed in its opinion to yield to the 
other side. There is, however, a system which might concili- 
ate both sides, and it is one that has already received some 
attention. I mean the duodecimal system which, to my mind, 
is the only natural and hence the rational system of numera- 
tion. 

Some say that because we have ten fingers it is quite log- 
ical that the numeration should go by ten, since at first men 
computed upon their fingers as upon an abacus given by Na- 
ture. Well, I claim that we possess the duodecimal system as 
well as the decimal, if not better, as will be seen by referring 
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Fig. 1. Fig. 2. 
Illustrating the Natural System of Numeration. 


to Fig. 1. It shows the left hand in which one can count up to 
12 upon the finger joints, using the thumb as an index or 
pointer, and this requires the use of but one hand, leaving the 
other free for figuring. To count ten upon the fingers requires 
the use of both hands. A more striking proof that this is the 
natural system is found in the circle. Is it not naturally and 
geometrically divided into 12 parts? On a circle (Fig. 2) 
lay otf two diameters making right angles with each other 
and from each intersection with the circle strike arcs, equal 
to the radius, cutting the circumference two by two and you 
will obtain exactly 12 equal divisions. Why then divide the 
circle into four “quadrants” of 100 “grades” each, as is now 
done by the topographical and hydrographical surveys of the 


French Government? Four hundred has never divided the 
circle logically while 360, being a multiple of the hexagon 
and duodecagon, is the natural division. 

Coming now to the practical side of the question, I have 
something to propose in lieu of the meter and the foot, and a 
‘natural’ measure, too, which is as universal and ‘“non- 
national’ as is the second for computing time all over the 
world. The proposed standard measure should be the length 
of the pendulum that beats seconds at the equator line and at 
the sea level. Such a length is subject to no contestation 
whatever. Whether measured in inches, in millimeters or 
otherwise it is still the same. Some will raise the objection 
that all the existing machinery would have to be changed, 
as also the measuring instruments, but practically it will cause 
no greater change than the one necessitated by the adoption 
of the metric measures. The duodecimal system and a new 
standard, natural and logical, is, I think, the best solution to 
give to a problem so difficult to solve only because of nation- 
alities, for, besides having the advantages of the two others 
it possesses none of their disadvantages. 


Epw. C. CHopzko. 
Haiphong, Tonkin, China. 


SPIRAL GEARS AGAIN. 
Editor MACHINERY: 

The subject of spiral gearing seems to be a very vague one 
to some people, and if anything is written in this article that 
will be of any help or use to anyone, or supply some missing 
link, so that the subject may appear more clearly, then some 
good will have been done. The particular cause of this being 
written is the desire of a certain party to make a pair of 
gears such that, the axes being at right angles, the pitch 
diameters, and consequently the outside diameters, should be 
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Spiral Gears. 


equal, but the ratio should be 1 to 2. For the purpose of illus- 
tration it does not make any difference what number of teeth 
or pitch the gears were actually made, as the rule will apply 
in one case as well as another. We will take a gear (prefer- 
ably the driven) of 40 teeth and a pinion (or driver) of 20 
teeth. 

Referring to Fig. 1, let G H I J represent a gear blank 
which we will place over another gear blank K LM N of equal 
size. Then it must be evident that if we are to cut twice 
as many teeth in the one as we do in the other the circu- 
lar pitch, or the distance from one tooth center to the next, 
measured on the pitch circumference at right angles to axis, 
will be twice as great on the first as on the second. 

Lay out a right angle triangle such that the line B C, Fig. 
2, will be 20 units long, or say equal to 1 to represent the 
pinion, and the line A B, 40 units long, or equal to 2 to repre- 
sent the gear. Then if we consider the line A B to be the axis 
of the gear, the line A OC will be the direction of the line of 
the teeth, and angle B A OC will be the angle which the gear 
must be moved so that the cutter may properly form the 
teeth. 

Likewise if we consider B C the axis of the pinion then 
angle A C B will be the angle of the teeth. Or stating the 
same thing in a different form, the acute angle adjacent to 
the line representing the pinion in a right angle triangle is 
the angle of the teeth of the pinion. And the corollary to 
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this, the acute angle adjacent the line of the gear is the angle 
of the teeth of the gear. 

To prove that this is correct, we will solve our triangle as 
constructed and find angle B A © equal to 26 degrees 34 
minutes, and angle A C B equal to 63 degrees 26 minutes. 
Then if our gear is to have 40 teeth and cut with an 8 diame- 
tral pitch cutter the normal circular pitch (D EH, Fig. 3) is 
89269 which corresponds to the circular pitch of spur gears. 
But the circular pitch of a spiral gear is measured on the 
pitch circle but at right angles to the axis or on line # F, 
Fig. 3,and not on the line D#. Angle DEF on our gear is 26 
degrees 34 minutes, and side D H is equal to .39269, therefore 
E F is equal to .39269 times the secant of angle 26 degrees 34 
minutes, or .39269 times 1.11803 is equal to .48903, which gives 
us the distance of the spiral circular pitch. This, times the 
number of teeth, which is 40, gives us 17.5616 inch as the 
pitch circumference. 

Taking the pinion in the same manner, the angle of the 
teeth equals 63 degrees 26 minutes, also angle D H F is the 
same. Therefore, D H, which is the .39269 as before, times 
the secant of 63 degrees 26 minutes will give the spiral circu- 
lar pitch; or .39269 X 2.23607 = .87808. This, times the num- 
ber of teeth in the pinion (20) equals 17.5616. This result 
shows that the pitch circumferences of the pinion and the 
gear are the same, consequently the pitch diameters are equal. 

The above may be reduced to a formula and the operations 
shortened considerably. 

Let D P equal diametral pitch of cutter used. 

N equal number of teeth wanted. 
P C equal pitch circumference. 
P D equal pitch diameter. 
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Then —— X sec. of angle xX N= PC (1) 
DEP. 


IPC 
— = PDorPC=7x PD 
US 
Substitute this in (1) and cancel wz from both sides of 
equation. 
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—— X sec. of angle x N= PD 
DP. 
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Thus, the secant of the angle of the teeth divided by the 
diametral pitch of the cutter and that result multiplied by 
the number of teeth in the spiral gear will be the pitch 
diameter of the gear. Therefore in our pinion of 20 teeth if 
we take the secant of 63 degrees 34 minutes and follow our 
rule we shall have 2.23607 divided by 8=.27951. This, times 
the number of teeth (20) —5.5902 as the pitch diameter. 

This method considerably shortens the operations and 
renders the liability of an error much less. This rule will 
apply not only to gears of this particular angle but to every 
angle that it is possible to cut on a gear cutter or milling 
machine and with diametral pitch cutters, and also puts the 
matter in such a form that anyone able to understand the 
first principle of trigonometry, can easily determine the pitch 
diameter of a spiral gear and not have a large sheet full of 
figures with which to contend. E. M. WILLSON. 

Madison, Wis. 
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MAKING STEEL CYLINDERS. 
Editor MACHINERY: 

In a shop which I recently visited, my attention was at- 
tracted to some large cylinders of tool steel which were hard- 
ened and ground, and an investigation as to the way in which 
this was accomplished showed some points of shop practice 
that will, without doubt, be of interest to Macurinery readers. 

Some of these cylinders, which were from 10 to 12 inches 
long and 5 to 14 inches in diameter, were made in one piece, 
as shown at A, Fig. 1, while others were made in halves as at 
B. It was a simple matter to forge the halves but forging the 
whole cylinders was considerable of a job since they had to be 
made without a weld. This was accomplished by using a 
block of steel of the length of the cylinder and of sufficient 
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cross section to form the shell. The block was drilled with 
a series of longitudinal holes, as shown in Fig. 2, which is an 
end view of the block. This was then wedged open and 
forged to the proper shape. In hardening, it was the half 
cylinders that threatened trouble as it would be practically 
impossible to harden them without warping unless some 
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Fig. 1. Steel Cylinders. Fig. 2. Block for Forging Cylinders. 


means was provided to prevent it. The means employed in 
this case consisted of two clamps which were placed over the 
open side and held the shells securely in shape while they 
were passing through both the furnace and the hardening 
bath. These clamps are shown in position in Fig. 3. After 
hardening, the shells were ground internally on the rig shown 
in Fig. 4, in which a half shell is shown, mounted for grinding. 
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Fig. 3. Clamps for Holding Half Cylinders when Hardening. 


This is essentially a boring machine with a revolving wheel 
substituted for the usual boring tool. One end of the bar is 
held in a*chuck, which is screwed to the spindle of the ma- 
chine, and arranged so that it may be adjusted radially by 
means of the hand nut B. The other end of the bar is car- 
ried on a similar but simpler chuck on the dead center of the 
machine. The wheel and belt pulley are mounted upon a 


Fig. 4. Arrangement for Grinding the Cylinders. 


sleeve which runs upon the bar and is driven at the proper 

grinding speed by the belt A. The bar itself is rotated at a 

slower speed with the wheel set sufficiently off center to cause 

it to grind to the required diameter. When the internal 

grinding is completed, the shells are ground externally, on an 

arbor, in the usual manner. H. P. FAIRFIELD. 
Worcester, Mass. 


A SPECIAL PUNCH AND DIE JOB. 
Editor MACHINERY: 

Not long ago the writer was employed in a shop engaged 
in the manufacture of a cheap line of sheet metal goods 
and one of the jobs there encountered seems of sufficient 
interest to illustrate for the readers of MaAcuHINERY. This 
was the production of the bodies of the so-called chain purses. 
These consisted of a series of rings held together by a four- 
pronged setting. A section of these purse bodies is shown 
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in Fig. 1; the two lower rows show the rings as they came 
in strips from the punch, while the two upper rows are 
shown fastened together by the settings. One of these set- 
tings as it comes from the press is shown in Fig. 2. Both 
rings and settings were formed upon the power press and 
we will first consider the tools used for making the settings 
or links that hold the rings together. Referring to Fig. 3, 
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Section of Chain Purse. 
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Fig. 2. One of 


Fig. 1. 
the Settings. 


D shows the cutting die which was made from a piece of tool 
steel recessed into the block C and flush with its upper sur- 
face. Over this was fastened the stripping plate B contain- 
ing the slot A for guiding the stock. Recessed very carefully 
into the body of the plate was the circular disk Z, which 
revolved around a central stud. Upon the edge of this disk 
were cut the pawl and stop-pin notches so as to index the 
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so that if the dial should not index properly, and the punch 
should strike against it, # would slide up into # instead of 
being broken. The cam, G, was set so that it would engage 
the cam roll, U, Fig. 3, and thereby index the dial. The 
hole at 7 was to provide an escapement for chips which, 
before it was put in, caused some trouble in the working of 
the dial. 

The operation was as follows: The stock, which came in 
strips, was fed into the slot A by means of an ordinary roller 
feed. As the blanks were cut out they were forced by the 
spring pin, in the punch, into the bottom of the recess Y, where 
they remained until indexed to H, when they were drawn by 
the punch F, Fig. 4, and fell completed out of the machine. 
With each descent of the punch X the cam G, engaging with 
the roll U, caused the plate P to slide outward sufficiently 
for the pawl to index the dial one notch. After the cam had 
ascended, the plate was returned to its original position by 
the spring S. 

The punch and die for forming the rings are shown in 
Figs. 6 and 7 and form a comparatively simple tool. The 
stock in strips was fed, by hand, into the die at A in the 
direction of the arrow and held firmly against the side K 
by means of the spring-gage B. After each cut the stock 


5 


Fig. 3. Die for Making the Settings. 


dial eight times to a complete revolution. To the left of the 
dial was a slide P, which carried the indexing pawl M, and 
was provided with a return spring S and an adjustable stop 
W. The stop lever Q, which worked in a recess in the face 
of the plate, was actuated by the spring R, of sufficient 
strength to bring the dial into exact position in case the 
pawl should vary in its action. The eight holes, X, X were 
so located in the disk Z as to come exactly central with the 
die as they were brought around by the indexing méchanism. 
These holes were counterbored at Y, the counterbore being 
a trifle larger at the top than the diameter of the blank so 
that it could be easily forced to the bottom where it remained 
until indexed around under the drawing punch which oper- 
ated at H. This punch drew it into the shape shown in 
Fig. 2 and carried it through the hole H out of the machine. 

The punch, which is shown in Fig. 4, consisted of three 
parts—the blanking punch, D, which is shown in section in 
Fig. 5; the drawing punch, F, and the cam G. Through the 
center of the blanking punch was a small piece of wire, having 
a collar at its lower end against which bore a spiral spring. 
This spring pin was held into the shank of the punch by 
means of a headless set screw. The object of this spring 
pin was to push the blank firmly into the recess in 
the dial and also to prevent the blank from sticking to the 
punch as it would be apt to do if some such means of pre- 
vention were not provided. The drawing punch, F, was held 
in the holder, HZ, by means of a set screw, K, but the hole in 
the shank was considerably deeper than the end of the punch 
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Fig. 4. Punch for the Settings. Fig. 5. Section through the 


Blanking Punch. 
was moved forward until the edge came to the points #, H, 
which were very accurately filed on the set edges. The 
stock first encountered the punches G,G, which cut out the 
outside of the rings. Each side of the hole made by these 
punches was about .003 inch less than a quarter of a circle, 
so that about .006 inch of metal was left to tie the rings 
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Figs. 6 and '7. Die and Punch for Making the Rings. 


together. After this punching they came to the round 
punches F',F, which removed the metal from the center of 
the rings and left remaining the plate of rings shown in 
Fig. 2. The settings were then put in place by girls and 
“set” in a foot press, after which the piece was rolled a 
couple of times in the hand and the stock between the rings 
was easily broken, leaving a flexible body. TEMnY. 
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CUTTING SPIRALS ON THE UNIVERSAL 
MILLING MACHINE. 
Editor MACHINERY: 

I have frequently been asked, by shop-men, for instructions 
for figuring the gearing required for cutting spirals on the 
universal milling machine, and having done considerable of 
this work in times past, I thought a letter upon the subject 
might be of assistance to some fellow workman. The makers 
of universal milling machines usually furnish tables with the 
machines, showing the proper change gears for a number of 
spirals. But many are not content to use the tables blindly; 
they wish to know the why and wherefore of the rules, so 
that should pitches be required which are not in the table 
they would know how to go about it to figure the change gears 
required. The principle is the same as finding the change 
gears for cutting screw threads in the lathe, but the lead of 
the milling machine is much coarser than is found on the 
lathe and is given as inches to one turn, instead of turns per 
inch. As the screw of the milling machine has usually four 
threads per inch, and as the spiral head takes 40 turns of the 
worm for a revolution, if equal gears are placed on the ma- 
chine, the lead would accordingly be 4 X 4) =10 inches to 
one turn. 

It is usually necessary to compound the change of gears for 
the milling machine. The spiral pitches given in the tables 
are usually in decimals, which is probably because the pitches 
are approximations to what the gears actually give. To keep 
the number of change gears within reasonable limits a com- 
paratively small number of gears may, by compounding, be 
used for a large number of spirals. Suppose, for example: 
It is required to find the change gears for a spiral of 1.25 
inches to one turn. Then the required spiral placed over the 
lead of the machine would give the ratio of gears required or 
1.25 


10 

lead of the machine and that the product of the number of 
teeth of the driving gears must be 8 times the product of those 
in the driven gears. Now in order to compound the gears 


24 24 
Vg = Xx PTE x 


This means that the required spiral is 4% of the 


and 


resolve 8 into factors thus: 
96 

gears of 24 teeth used as the two driven gears and gears of 48 
and 96 teeth as the two drivers would answer if among the 
set, but as 24 is the smallest gear in the set (usually) and a 
gear as large as 96 teeth would not be likely to be found in the 


1 1 
set we must find the other factors of 8; then 4% =— X — 
3 22 


24 24—= driven gears 


72 64 = driving gears 
be placed on the screw, 64 for the first gear on stud, 24 for 
the second gear on the stud and 24 on the worm shafts. It 
would make no difference if the gears were transposed provid- 
ed the gears on screw and first gear on stud are the driving 
gears from the example, for if the 64 T gear was placed on 
the screw and 72 as the first gear on stud, the ratio would not 
be changed. 

For another example: 
2.22 inches to one turn. 
2.22 1 1 1 28 32—driven gears 

—— = —— nearly =- X ——— 
10 4.5 2 2.25 56 72—driving gears 
These gears do not give exactly 2.22 inches to one turn. To 
find a closer approximation, multiply the ratio by 10, as 10 x 


1 
= 2.2224 ins. = actual lead, but 2.22 ins. is near enough 

4.5 
for practical purposes. For another example: 


find the gears for a lead of 60 inches to one turn. 
60 6 2 3 64 


would answer. The 72 T gear could 


Required the gears for a lead of 


Required to 


72 = driven gears 


40 1 #1 = 1 82 24—=driving gears 
To find what spiral a given set of gears will produce mul- 
tiply the ratio of gears by 10, or divide 10 times the product 


of the driven gears by the drivers; the result is the number 
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of inches to one turn. Thus, to prove the gears in the 
64 72 
last example: 10 x — X —= 60 inches to one turn. 
Beye 


East Providence, R. I. JoHn T. GIDDINGS. 


OPERATION SHEBTS. 


Editor MACHINERY: 

I have read, in these columns, a great deal about various 
shop systems, but have seen very little about systematically 
outlining the different operations that are to be performed 
upon a piece of work. It seems to me that this is a very im- 
portant subject, yet one that has failed to receive its due 
share of attention. 

Before a piece of work is machined the foreman or ma- 
chinist looks it over and decides upon the most direct and 
advantageous way in which it can be performed. The time 
is well spent that is taken for this preliminary planning, as 
a little forethought often saves a great deal of work. Having 
determined upon the best method of procedure, the piece is 
machined, but when the same thing comes up a few weeks 
later, unless the man is endowed with a good memory the 
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Specimen Operation Sheet. 


same amount of preliminary thinking must be repeated. This: 
trouble is more noticeable in the case of large work where 
the successive operations are done by different workmen, 
under orders from the foreman, so that it devolves upon him 
to keep run of the order of operations for all of the work 
under his charge. Now the question is: Having once de- 
termined the best way in which to do a piece of work, why 
not put it on record so that it will be at hand for future ref-- 
erence? 

This plan was followed in one shop with which the writer 
was connected and the results were such as to justify its. 
more general use. This shop was engaged in building large 
steam engines, and when the drawings were ready for the 
shop the superintendent and the different foremen who were: 
in charge of the work would “get together” and plan out the: 
method of procedure. In this conference the head draftsman 
participated, and as the plans proceeded he made the rough 
sketches from which later one of the draftsmen would prepare 
the operation sheets. At this time it became apparent what 
new jigs and tools would be required, and these were taken 
under consideration by the chief draftsman. Thus the com- 
bined efforts of the different heads of the shop were for a. 
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short time concentrated upon the job in hand, and after that 
it was only necessary to follow the plans here decided upon. 
It frequently happens that the first time a job is put through 
the foreman or machinist will see an opportunity to improve 
upon the outlined method, and then the sheet is changed in 
accordance with the suggested improvement. Also any new 
tools or jigs that may be added are at once entered upon the 
production sheet. 

These operation sheets were made on drawing paper, num- 
bered as a regular drawing, and each foreman under whom 
the work would come was provided with a blue-print copy. 
The illustration is a copy of the operation sheet used for 
finishing the bodies of crossheads. The drawing and letter- 
ing was always free hand, with the possible exception of the 
circles, which can be drawn quicker with compasses. A dotted 
line indicates the surface that is finished by each progressive 
operation. Having seen the advantages that were derived 
from the use of this system, the writer fails to understand 
why its use should be limited to this particular shop. 

GEORGE FROST. 


[While we share Mr. Frost’s enthusiasm in regard to the 
use of a systematic operation list, we do not think that its 
use is by any means limited to the shop in which he was 
employed, as we know of several shops in which similar sys- 
tems are in operation. Mr. Frost has by no means exhausted 
this subject, and we should be pleased to receive contribu- 
tions of sample operation sheets and additional suggestions 
from others employing similar methods for the systematic 
production of work.—Editor.] 


PATENT TOOL HOLDERS AND THEIR USE. 


Editor MACHINERY: 

Why is it that in many shops a number of patent holders 
for hardened steel tools will be found which are but little 
used or not used at all? There must be some reason for this 
and no doubt the utility of some patent tool holders is ques- 
tionable; at least, not all are so adapted to all conditions as 
to make them of universal advantage. But when you observe 
side tools, cut-off tools, boring tools and off-set tools of all 
kinds and sizes, scattered broadcast about the tool-board 
while men wait for rough smiths to worry out awkward 
chunks of cast steel for them, and at the same time other 
men, who are a little more up-to-date and of an intellectual 
turn of mind, are plowing off the stock with twice the feed, 
a deeper cut and 30 per cent. more cutting speed than could 
be expected of those crude forged tools; then something must 
be wrong somewhere. Of course the whole difference cannot 
be due to the tool but the machinist who lives in the age of 
wrought iron when some of us have learned to cut soft steel 
is the same one who sticks to the tools in vogue “before the 
flood.” To the writer the machine shop contains no greater 
mystery than the machinist who turns steel, however light 
the cut, at the old wrought-iron speeds and still holds his job. 
Those who have practiced a little on cutting speeds for soft 
steel find that for finishing with light cuts 200 feet per minute 
is just as easy on a nice sharp Mushet steel tool as 20 feet. 

On the question of patent cut-off tools the writer has little 
to say, owing to the fact that in an experience of twenty years 
he has not seen a mechanic who could make or use one with 
any certainty of success. It is my opinion that some day 
some one will invent a cut-off tool that will be practical, but 
if such a tool exists at present it has not yet crossed my path. 

Planer tool holders seem to be almost practical, and an 
improvement is suggested that will add to the efficiency of one 
of the best known forms of planer tool holders. It will be 
noticed that there is no rake to the cutter used in these tools, 
unless the shape of the steel is mutilated by top grinding 
which, if done, becomes worse and worse with each grinding of 
the tool. A holder should be so designed as to avoid all ne- 
cessity of grinding the top of the tool and still maintain the 
same cutting angle until the tool is consumed in actual work. 
To accomplish this end the writer “doctors” such a tool holder 
as is shown in Fig. 1 in the manner illustrated in Fig. 2. 
The slot in the bolt is cut on an angle and a loose collar 
with a corresponding angular slot is inserted between the 
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shank and the bolt so as to secure the steel tool on at just 
the proper angle for cutting. It will also be observed that in- 
stead of sticking the tool out in front of the holder it is hung 
on the back side so that it will spring away from the ex- 
cessively heavy cuts instead of springing into the work. An- 
other suggestion is to unlearn the old habit of setting the 
tool at the angle shown in Fig. 8. This we learned in our 
youth and it is difficult to forget, but the advent of the patent 
tool holder has made the change imperative and allows the 
tool to be set properly. The cutter should stand against the 
cut so that the strain due to cutting will come in the direc- 
tion of the tool support and the rake of the tool is at all times 
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Patent Tool Holders and their Uses. 


in the direction in which the chip naturally travels. A tool 
set in this way (Fig. 4) will retain its shape with very little 
grinding and therefore the least waste of time and high- 
priced steel. 

For lathe tool holders the common straight steel holder, as 
made by a number of manufacturers, is the most efficient. In 
the writer’s experience off-set tool holders are practically 
unnecessary. As in the case with the planer tool the cutter 
is run ahead of the holder, as shown in Fig. 5, and this tool 
should be set as high at the point as good clearance will al- 
low. The tool should be given some side clearance, as well 
as back, so as to allow a higher setting and consequently 
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Fig. 9. Complete Set of Tools for Use with Patent Holders. 


greater benefit from the rake which, as before stated, is not to 
be changed by grinding during the life of the tool. The 
great objection to top grinding is that it gets the point of the 
tool lower and weaker the more it is used. 

It is surprising what a variety of work can be done with 
the straight tool holder and the small number of inserted 
cutters that are required for all ordinary operations. An il- 
lustration of a few of these applications may be of interest to 
the lathesman. Take for example the casting shown in Fig. 
6, it being desired to turn the hub and face the flange. Ob- 
serve how with this tool holder the carriage seems always to 
be just where it is required. With the same setting of the 
roughing tool, run along the hub and down the flange and 
then with a single setting of the corner tool (Fig. 7) run a 
finishing chip over the same surfaces. With slight care in 
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grinding, this tool is ever ready for use and may be used for 
a left-hand corner as readily as for a right-hand one. 

Threading tools are made from a square piece of Mushet 
steel ground as in Fig. 8. Notice the angle at which the 
holder stands while the tool is at work. It is just right to 
enable the carriage and tool post to clear the faceplate, 
chuck or dog when threading close up, yet there is not too 
much of an angle for ordinary thread cutting. 

Fig. 9 shows a complete set of the tools that, with a straight 
tool holder, will accomplish all ordinary lathe work. 

In grinding these tools always take them out of the holder, 
otherwise they will be too heavy and liable to heat when placed 
against the emery wheel. If the cutter alone is held in the 
hand it gives timely warning, by becoming too hot to hold 
comfortably, and is cooled off before it gets hot enough for 
the temper to be drawn. S. Byron WELCOME. 

Los Angeles, Cal. 


AN ATTACHMENT FOR VERNIER AND SLIDE 
CALIPERS. 
Editor MACHINERY: 

While vernier and slide calipers are very handy shop tools 
their usefulness is much more limited than it should be for 
such expensive instruments. In order to increase the use- 
fulness of these tools I have made the attachments shown in 
the accompanying sketches and have found them very prac- 
tical and useful. In Fig. 1, A is made of machine steel, 
while the tongue B is of tool steel, hardened and ground and 
lapped to a thickness of .150 inch, the top and bottom being 
absolutely parallel. It is secured to A by the two rivets C, C. 
The thumb-screw D (Fig 3) is used to fasten the attachment 
to the sliding jaw of the vernier or slide caliper. Fig. 2 
shows the base, which is of machine steel with the slot F 
milled for the reception of the fixed jaw of the caliper. The 
set screws, G,G, are put in at a slight angle so that the 
caliper will be held firmly and squarely in this base. In 
Fig. 3 these pieces are shown in the position for forming a 
height gage, for which purpose the attachment is most com- 
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monly used. As a test of the accuracy of its construction, 
when the attachment is placed in this position the tongue B 
should make a perfect joint with the fixed jaw of the caliper 
and the vernier should give a reading of exactly .150. When 
it is desirable that the tongue B should overhang, the base H 
is pushed back even with the stationary jaw as shown at 
in Fig. 4. In this position it is used for laying out and 
testing bushings in jigs, etc. The illustration shows the tool 
in use for this purpose, K being the jig to be tested. All 
measurements are from the center line upon which the bush- 
ing No. 1 is placed. Taking this as a starting point we find 
the caliper to read 1 inch. Bushing No. 2, which is under- 
going the test, should be % inch from this center line. It 
has a % inch hole, so through it we insert a plug of 
this diameter. Now adjust the tongue of the caliper to the 
bottom of this plug (as shown in the cut) and the vernier 
should read 1.625 minus one-half the diameter of the plug, 
or 1.500, and any variation from this will show the error 
of the jig. In this case the top surface of B was used and so 
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no allowance had to be made for its thickness. In case the 
bottom surface is used, .150 must be deducted from the read- 
ing of the caliper. 

Workmen will agree with me that it is very easy to make 
a mistake in setting a bushing and that such a mistake is 
equally hard to detect unless some such means of measuring 
as this is at hand. It often happens that jigs and fixtures 
are put into use containing such errors and the trouble is not 
discovered until many dollars’ worth of work has been fin- 
ished and found worthless. 

The sketch shows but one of the many uses to which this 
attachment may be applied. 

The figures given on the detail are correct for making the 
attachment to be used upon the Brown & Sharpe vernier 
caliper but for other calipers they would, of course, have to 
be altered to suit. L. S. Brown. 

Derby, Conn. 


HOW TO READ “MACHINERY.” 
Editor Macuinery: 

“No use to study, wait till you need the knowledge, then 
go after it. Drop work at the whistle, you need recreation 
and plenty of rest to drive the cobwebs away. Got all you 
can do to hold your own job without thinking out Smith’s 
problems, who holds a much better position than you do. Look 
at the boss; by no means a brilliant man; holds his position 
by pull. Don’t waste time and money over MACHINERY, noth- 
ing in it but a few shop kinks you can never remember, and 
some technical articles of doubtful accuracy, etc., etc.’ 

Such were the remarks recently made to me upon my in- 
quiry if the speaker had seen certain articles in MAacHINERY, 
and I have heard the same kind of thing so often before, 
and seen around me so many otherwise bright young fellows 
drifting along apparently unwilling to exert themselves in 
acquiring knowledge, but eager to sit with folded hands while 
someone else exerts himself in an effort to pound it into them, © 
that I am led to believe that very few of the younger sub- 
scribers to such papers as MacuInrery know how to read them, 
or get their money’s worth out of them. I feel quite a con- 
tempt for any draftsman or machinist who says he cannot 
afford a trade paper; why, no one can afford to be without 
one, or two, or more. 
‘ I am convinced, however, that very many subscribers to a 
paper glance through it in fifteen minutes each month, and 
lay it away, in the fond belief that in some mysterious man- 
ner it is going to benefit them. Just ask among the younger 
men in your establishment, who takes a trade paper, and hav- 
ing found one, begin to converse with him about any article 
found in the last issue, and note his replies. He hasn’t read 
that number yet. Go back two or three issues. He has for- 
gotten that article. 

Like a good horse, or a full meal, a paper must be used 
to be found of value. How should Macuinery be used? 

Read every page. It is not “a fraud two-thirds full of 
‘ads.’”” Despised “ads,” an ever-changing cyclopedia of me- 
chanic arts, yet so often ignored. First take a quick glance 
through the paper for any articles which discuss questions 
connected with your line of work. Master such articles; if 
necessary, correspond with the writer. Make a note of such 
articles as, though of no particular interest now, may be 
needed in the future. All machine design articles would 
come under this head for a draftsman, for instance, for, 
though widely separated from the present line of work, one 
can never tell what needs the future may bring forth; and so 
far from waiting till the need is felt, it should be remembered 
as a truism that no knowledge is needed till obtained. There- 
fore aim to be prepared. The well-informed man is not he 
who carries the most scattered information in his head, 
but he who knows where to find reliable information upon 
any subject that may present itself. An excellent thing for 
this purpose is a sample card index outfit sold for $1.25 by 
several of the makers of such goods. The outfit consists of 
one hundred ruled cards, a complete set of alphabet division 
cards, and a set of division cards for days and months, all 
contained in a very neat case to be kept on the desk or 
table. When several technical papers are read this case be- 
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comes an index of all that has passed under the owner’s notice 
upon any given subject. It will be found a good plan to index 
thus such reference books as one may possess. If each time 
a subject is looked up it is entered in the index, it is easily 
found again, and it is surprising how soon such an index 
becomes valuable, and how little the task of thus completing 
it by degrees is felt. Glance through the column telling of 
new business firms starting up. It is well to know who are 
the people engaged in your business. Better have a place 
jn which to keep their names and addresses, and watch for 
their ‘fads’ later on. Read the “situation wanted” column to 
note how many men of your class are advertising for posi- 
tions, and the “help wanted” column to compare with the 
former, thus getting an idea of the state of the market for the 
services of men in your class. As no one with potatoes to sell 
fails to watch, the produce reports, why not keep posted on 
the market for time and brains if they are your marketable 
commodity? In the column of catalogues received, you are 
told the nature and something of the contents of many new 
catalogues, mention often being made of valuable tables and 
data contained therein. A request for such catalogues is rarely 
refused if made in a business-like manner in an inclosed 
letter, not a postal card; but it should be borne in mind that 
the receipt of such a catalogue is a favor, and implies a 
confidence that it will eventually be of benefit to the sender, 
and therefore one should have a catalogue file in which to 
keep them. 

Coming to the “ads” your employer put in a new boring mill 
last week; you will find out something about it here, and 
more if you will send for a catalogue. It is here you will 
find the first mention of all new tools, instruments, or con- 
trivances to help you in your job, or to help some other fel- 
low to get your job if he knows more about them than 
you do. Not until each page has been thus studied can the 
paper be filed with the certainty that you have received all 
you can get from it. 

As to the boss; it is bad medicine to torm the habit of 
thinking that any man above you is there by reason of any- 
thing else than sterling merit. Seek to see his good points, 
he has them you may be sure, and they are the blocks with 
‘which he builds. Above all, regard him as a man from 
whom you have much to learn, and proceed to learn it. 


“HXPERIENCE,” 
* * * 
MANUFACTURING CONDITIONS IN CALI- 
FORNIA. 


Mr. P. E. Montanus, president of the Springfield Machine 
Tool Co., has been traveling in the far West in the interests 
of the company, and in a letter dated February 4, at San 
Francisco, he writes regarding manufacturing and labor 
conditions in two large shops, from which we quote the 
following: 


“Yesterday I visited the big shops of the Southern Pacific 
Railway at Sacramento, and was cordially received by Mr. 
T. W. Heintzelman, superintendent of motive power, and Mr. 
H. H. Forney, master mechanic. I was personally conducted 
through these great shops where 2,700 men are employed. 
Wages are high. Lathe and planer men receive 35 cents an 
hour. These shops do not build locomotives, but repair about 
twenty-two a month as an average. They build new freight 
cars, oil tanks, and passenger cars, however. The machine 
shop equipment is fairly good and modern on the whole, al- 
though I saw one Bement & Dougherty planer (about 72 in. by 
72 in. by 24 ft.) that has been in constant use since 1849, 
when it was brought around the Horn. They also have lathes 
in use that are thirty years old, and the foreman said they 
were better than some modern makes. At these shops they 
make a fine grade of cast iron, largely from English pig. As 
is the case at the Union Iron Works at San Francisco, they 
make a great many small details like screws, nuts, bolts, oil- 
cups, ete., which I think they can buy much cheaper than they 
can manufacture. The buildings are very extensive, well- 
built, and practically arranged, but I think they are poorly 
located, on account of the labor market. They necessarily 
must pay the highest wages. 

“California has great possibilities for manufacturing and 
trade will improve year by year if not set back by the labor 
question, which now is in bad shape. You have probably 
heard that the Union Iron Works at San Francisco recently 


lost a contract for a government cruiser, owing to their labor 
troubles.” 
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CONTRIBUTED NOTES AND SHOP KINKS. 


FIXTURE FOR MILLING SLIM DRILLS. 

Jas. P. Hayes, Meriden, Conn., writes: In milling a spiral 
groove in slim pieces, for making twist drills, it is difficult to 
support the work under the mill with the ordinary rests fur- 
nished with universal milling machines. 

In the sketch is shown an ordinary milling machine vise 
which is clamped to the table of the machine between the cen- 
ters. Two pieces of hard wood of the proper width and thick- 
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ness and of a length adapted to the length of the work, are held 
between the jaws of the vise in such a position as to support 
the work underneath and at one side forming a rigid support 
against the downward and sidewise pressure of the cutter. 
I have used this “kink” with very satisfactory results when 
making long drills for drilling wood, which are made with 
one groove, similar to a ship auger. This style of drill will 
drill a straight hole in wood regardless of the direction of the 
grain. 


A NOVEL TAPER SOCKET. 

P. B. sends a “kink” illustrating a rather unusual method 
of holding tapered shank drills. He writes: We used to have 
a great deal of trouble caused by twisting off the tangs of 
drills, so I designed a very simple socket that will prevent 
this without fail. The “kink” consists in milling a flat on the 
shanks of the taper and making a socket that will fit these 
shanks. Now the point is to make a drill socket of this de- 
scription that will be just about as cheap as the ordinary 
taper socket. To do this a 1%-inch hole is bored in a solid 
block of steel and a %-inch slot cut into the hole from one 
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side, as shown in Fig. 1. The drill sockets are turned to 1%- 
inch diameter and bored and reamed for the size of shank 
that is to be used. The pressing mandrel (Fig. 5) is then 
put into the socket and the socket put into pressing block and 
placed so that the flat on the mandrel is just below the slot in 
the block. The key, shown in Fig. 2, is then put into the slot 
and the whole placed in a fifty-ton hydraulic press where the 
side of the socket is pressed down to conform to the shape of 
the mandrel. After pressing, the socket is put into a lathe 
and turned to its finished shape (Fig. 4), the end being held 
by the plug shown in Fig. 6. 


MAKING THRUST ROLLERS. 

G. H. H. sends a “kink” regarding which he says: In 
making conical rollers for thrust bearings of large size, 
such as are used on heavy machinery and guns, it is of 
course necessary not only that all rollers be of the same 
taper but that the diameter at the large and small ends 
shall be the same in each roller. To produce the same taper 
on all of the rolls is a comparatively simple matter, requir- 
ing only that the grinder be set properly in the beginning. 
To obtain the same diameters on this taper would be a mat- 
ter requiring considerable skill except for the simple manner 
in which it is accomplished. This consists in grinding the 
rolls first, for which operation the pieces are left consider- 
ably longer than finished length and are ground as nearly 
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the required diameter as can be done without fine measure- 
ments. The roll is then slipped into a gage which is bored 
to the same taper as the roll and is of just the length of the 
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roll when finished. With this gage in place the roll is cut 
off flush with the ends, thus insuring duplication of length 
and diameter at the ends. 


TURNING AND BORING SIMULTANEOUSLY. 

A. McA. writes: We had a large number of bushings 
which were to be finished both outside and inside, and one 
of the men suggested that the boring and turning be done 
simultaneously. In order to do this a compound rest, from 
another lathe, was mounted upon one end of the carriage and 
the turning tool mounted in the tool post A. The boring 
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tool was held in an ordinary boring tool holder in the tool 
post B. The arrangement will be clearly seen by reference to 
the accompanying sketch. In this way we were able to do 
the work in a very satisfactory manner in about two-thirds 
of the time that would be required by the ordinary method. 
This scheme may also be used to advantage for turning 
piston rings or similar work. 


MAKING A PUNCH FOR THIN METAL. 

“Teddy” sends us a “kink” in regard to making a punch 
which is somewhat out of the ordinary. He says: I had occa- 
sion to make a punch for cutting a series of small holes about 
8-16 inch in diameter and, as the most economical way to do 
the job, I used pieces of Stubs steel wire fitted to a cast iron 
punch plate as shown in the sketch. 
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The method of setting these punches was somewhat odd, 
at least it seemed so to me when I first saw it done, but it 
is all right and works perfectly satisfactorily on punches 
for thin metal. Holes were drilled in the body of the punch 
plate relative to the die and about 1-64 inch larger than the 
wire used for the punches. These holes were then filled with 
soft solder and the plate leveled in a vise. The punches were 
well tinned and placed in the die. After heating the plate 
so that the solder would run, the die containing the punches 
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was placed over the plate and the punches tamped to the bot- 
tom of the holes. After cooling the tool was ready for use 
and I have never seen one of the punches come loose. 


A HOME-MADE MILLING SAW. 

BE. J. Buchet, Dubuque, Ia., sends a sketch of a circular 
saw, concerning which he says: We needed a saw for 
cutting some piston rings, on the milling machine, and 
as we were in a hurry and had nothing else at hand we 
made it from an old circular saw which was about one- 
quarter inch thick. We first made it with teeth all around 
the circumference, of about one-half inch circular pitch. Four 
attempts were made to temper it but it warped so badly 
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that we gave it up for a bad job. We then tried making 
it as shown in the cut, having the teeth arranged in sections 
of five teeth each and tempering one section at a time, 
drawing the temper with an alcohol blow lamp. In this at- 
tempt we were very successful, producing a saw which, when 
ground slightly concave for clearance, did very satisfactory 
work. 


A SCALE AND SQUARE ATTACHMENT. 

M. H. Ball, Watervliet, N. Y., sends the sketch of a device 
for attaching a scale to a square. He writes that the com- 
bination makes a very convenient tool to use when setting up 
work for keyseating, as is illustrated in Fig. 2, in which S 
is the shaft to be splined and OC the milling cutter. ites 
also a very handy tool for truing up work on the boring mill 
or lathe. 
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Fig. 2 

Fig. 1 shows the construction of the parts, which are made 
of dimensions to suit the size of the scale and the square. For 
the combination to be successful, it is essential that the blade 
of the square be the same thickness as the scale. 

* * * 

The Practical Engineer quotes from some source the follow- 
ing note which, if correct, should be of considerable practical 
value where trouble is experienced from the clogging of flues 
and chimneys by the soot of soft coal: “Zine is a peculiar 
metal in many respects. It volatilizes easily, and the oxide 
thus produced has a strong affinity for carbon. If one’s sur- 
face chimney is clogged up with soot, and the owner desires 
to get rid of it, all that is necessary is to throw a little zinc 
scrap into the fire. Any old zinc will do, and very little will 
suffice to keep the chimney clean if used about once a week. 
The vapor of zinc oxide seizes upon the carbon of the soot 
and forms a new chemical compound, part of which goes up 
the flue and part falls to the bottom, to be shoveled out as 
ash.” 
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A DEPARTMENT INTENDED TO CONTAIN CORRECT AN- 
SWERS TO PRACTICAL QUESTIONS OF 
GENERAL INTEREST. 


Give all details and name and address. The latter are for our 
own convenience and will not be published. 


12. J. E. GC. I should like to ascertain if antimony or 
any other metal (contrary to the action of most metals), 
will contract with heat and expand with cold. 

A. There is no metal, so far as we know, which will do 
this. A composition composed of 9 parts lead, 2 parts anti- 
mony and 1 part bismuth, will expand when cooled from a 
liquid to a solid state and is sometimes used to fill blow- 


holes in castings because of this property. 


13. G. H—In planing a slide valve and seat should the 
cut be across or with the direction of motion? 

A.—Valves and valve seats should always be planed across 
the direction in which the valve is to move. In this way the 
tool marks are worn down to a smooth surface, while if they 
run in the direction of valve motion they tend to wear deeper 
and cause the valve to leak. In small engines where the 
sides of the valve seat form a guide for the valve the sharp 
corner makes it impossible to plane the seat in the proper way 
so that great care should be exercised in scraping the seat 
to a perfect surface. The present practice is to do this work 
on the milling machine, thereby avoiding the long tool marks 
while the marks of the milling cutter are such that they very 
readily wear together. 


14. EB. T—1. What is the proper form of lathe tool to use 
for turning and facing rubber rolls, 8 inches in diameter and 
14 inches long? 2. When speaking of a certain size of cali- 
per do the catalogs mean the length of the legs or the maxi- 
mum diameter of the work which they are intended to meas- 
ure? i. e., in a 6-inch caliper would the dimension X, Y or Z 


be 6 inches? 
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A—Hard rubber is one of the most difficult substances 
known to machine and it is practically impossible, with steel 
tools, to produce accurate work. Some peculiar property of 
hard rubber, developed by the combination of ingredients nec- 
essary for vulcanizing, causes it to blunt the edge of the hard- 
est and best tool steel so quickly that it is hardly possible to 
machine even a small piece with accuracy. In works where 
any great amount of rubber turning is to be done black dia- 
monds, or carbons, mounted in steel holders are used with 
very satisfactory results. These are quite expensive but have 
good wearing qualities and are capable of producing very ac- 
curate results. 2. This question was referred to nearly all of 
the manufacturers of calipers and with one exception they 
state that the rating refers to the distance, Y, from the center 
of the spool or rivet to the point of the leg, while the capacity 
is somewhat in excess of this. The one exception stated 
that the rating referred to the capacity of the caliper but that 
this was usually equal to the distance from the center of the 
pivot to the point of the leg. 


15. L. E. V—Will you kindly inform us what acids are em- 
ployed for pickling castings and the methods employed in 
using the same? We desire this information to apply to large 
as well as small work. 


Answered by Mr. H. E. Field, Ansonia, Conn. 

A.—Two acids are now in general use for pickling castings. 
Sulphuric acid, or vitriol, and hydrofluoric acid, under various 
commercial names. The action of these two acids in pickling 
is entirely different. The vitriol soaks through the sand on 
the outside of the casting and attacks the iron beneath, and, 
thus loosened, the sand falls from the casting. The hydro- 
fluoric acid acts directly upon the sand, and dissolves it from 
the outside of the casting. The use of sulphuric acid is much 
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more general and is more convenient in many ways. lt 
requires but two tanks, one for acid and one for water. 
Hydrofluoric acid requires for pickling purposes three to four 
tanks. One for acid, one for water, one for an alkali, and 
sometimes a fourth for water. The arrangement of the tanks, 
and method of handling the castings, depend wholly upon 
the amount of castings to be handled. Small foundries, where 
but comparatively few castings are pickled, are usually fit- 
ted up with a tank filled with vitriol, with a sloping shelf 
on the sides. The castings are placed on these shelves and 
the vitriol is poured over them with a wooden dipper and the 
acid allowed to drain back into the tank. This is repeated 
until the sand is loosened. The castings are then rinsed in 
water. An inexpensive device may be arranged by having 
the shelves surrounding the tank work on a bearing in the 
center, and tip both ways. While the acid is on the castings 
they slant toward the acid tank; when they are to be rinsed 
with water, the shelf is tipped slightly the other way by a 
lever, and the water is turned on them by means of a hose 
or pails. In foundries where a much larger number of cast- 
ings are handled, more extensive arrangements are necessary. 
Small cranes are used to lower the shelves of castings into 
the tanks where they are allowed to remain until the sand 
has become loosened. They are then lifted from the tanks, 
the acid allowed to drain off, when they are conveyed by the 
crane to a tank of water, in which they are immersed, to 
rinse off the acid. The length of time which the castings 
should be left in the acid depends entirely upon the practice 
in that particular foundry. Hot iron will eat into the sand 
more than dull iron, and the castings will require a longer 
pickling. Heavy castings will require a longer time in the 
acid than lighter ones. ~ 

When hydrofluoric acid is used the castings do not require 
to be left in the acids as long as when vitriol is used. In 
this case the shelf containing the castings is lifted from the 
acid, lowered into a bath containing water, and rinsed, then 
carried to a third bath containing an alkali solution, and 
finally rinsed with water. The soda solution is necessary on 
account of the strong action of the hydrofluoric acid. The 
necessity of this third washing has prevented a more general 
adoption of hydrofluoric as a pickling acid. Where the con- 
veniences make its use practical it has been found to be very 
satisfactory. The above applies wholly to the smaller class 
of castings. It is more economical to lead the molds for 
larger castings than it is to pickle the castings afterward. 
When the molds for heavy castings are not leaded the heavy 
mass of iron eats so far into the sand as to make the re- 
moval of the sand by acids a long and tedious process, anil 
one which is resorted to only when, through improper black- 
ing, the iron has eaten into the sand. 


16. A. M.—I have recently had an opportunity to examine 
the patent reports in a public library and was surprised to 
find so great a number of patents on rotary engines. As 
many as 90 have been issued in one year, and nearly 600 
in ten years. As I have never seen but one rotary engine, and 
the outside of that, I was interested in reading the claims 
and examining the drawings of the patents to find what the 
inside construction of some of them looked like, and found 
egereat similarity in the different designs. Now what I want 
to know is, what is the matter with the rotary engine? Are 
the difficulties financial, mechanical or otherwise? Can you 
refer me to some good book on rotary engines? 


A.—There have doubtless been rotary engines invented that, 
if properly worked out, would have given excellent satisfac- 
tion, though we believe not as good satisfaction as the recip- 
rocating engine, except, perhaps, for some special uses. The 
main reason why the rotary has gained no headway is because 
there has been no demand for it. Many have imagined that 
there was some mechanical loss of power involved in convert- 
ing reciprocating motion into rotary motion, which would 
be done away with in a rotary engine. As a matter of fact, 
the only loss of power in the reciprocating engine comes 
through friction, which must exist in any engine, and which 
might or might not be as great in the rotary as in the recipro- 
cating type. The ordinary engine has been found well adapted 
to hard and continuous usage, is easily constructed, and can 
be so designed as to operate with the consumption of but little 
steam. There is no probability that a rotary engine would be 
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particularly better in respect to the friction loss or any of 
the other points mentioned than its older rival, and so, as 
we say, there has been no demand for its development. except 
in the minds of inventors. Beyond this, there are certain 
mechanical difficulties in the way of the rotary engine which 
would tend to hinder its introduction, as follows: First, it 
is not easy to design a rotary engine to cut off steam at any 
desired point in the stroke, so as to produce what is called an 
automatic engine, although this has been done in a number 
of instances. Second, the diameter of a rotary engine in- 
creases directly as the power; that is, if a 10 horse power 
engine were two feet in diameter, a 20 horse power engine of 
same width or thickness and running at the same speed would 
have to be four feet in diameter. With a reciprocating en- 
gine, the power increases as the square of the diameter and 
doubling the diameter quadruples the power. Third, the sides 
of a rotary engine which constitute the rubbing surfaces are 
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Fig.1. Constant Speed Motor and Chain Drive. Fig. 2. 


in the form of concentric rings of different diameters, points 
in the outer rings traveling much faster and wearing faster 
than those in the inner rings. We would therefore not expect 
a rotary to have the best of wearing qualities. Fourth, to 
use steam economically the surfaces of an engine which are 
alternately heated by the hot steam from the boiler and 
cooled by the exhaust steam should be as small in extent as 
possible, in proportion to the quantity of steam used, in order 
to reduce the condensation of the steam in the engine. This 
is a vital point that is not considered in most rotary engines. 
As far as we know, no rotary engines have ever been built to 
deveiop any considerable power. We have never heard of one 
as large, even, as 100 horse power. As explained above, how- 
ever, it would be necessary to build them of very large diam- 
eter for large powers, unless they were designed to run at very 
high speed. In the past there has been no market for very 
high speed motors, because it has always been necessary to 
belt down the speed before machinery of any kind could be 
driven. With the introduction of alternating current motors 
and generators, however, there has come a demand for high 
speed engines to drive the generators, which the present type 
of large reciprocating engine is not well adapted to fill. The 
outlook for the rotary engine of the future, therefore, would 
seem to be brighter than its record in the past, were it not 
for the fact that it has a worthier and more successful com- 
petitor in the steam turbine. While there are some problems 
difficult of solution in connection with the turbine, it seems to 
have every advantage of the rotary engine and but one of its 
disadvantages—high speed, and to have certain features of 
value all its own. There is no book published on rotary engines. 
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A writer in the Scientific American suggests that plumbago 
packing rings of special design could be profitably employed in 
superheated steam engines, gas engines, and other heat motors 
in which a high temperature is employed. Plumbago, or graph- 
ite, is unaffected by heat and is capable of being molded into 
permanent form suitable for packing rings, which are now 
uniformly made of metal. The chief expected advantage is the 
mirror-like surface and polish that such rings would impart 
to a cylinder. 
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MOTOR DRIVES FOR RADIAL DRILLS. 

Last month were published illustrations and descriptions 
of standard planer drives for electric motors recently adopted 
by the Gray Planer Co., Cincinnati, O. The Bickford Drill 
and Tool Co., Cincinnati, have adopted a similar plan for 
their radial drills and the illustrations herewith show three 
standard motor equipments that are now regularly provided. 
In Fig. 1. is shown a radial fitted with a constant speed motor 
set on an extension to the base. Power is transmitted to the 
gear box by means of a Renold silent chain which, through 
the use of suitable sprocket wheels, gives with almost any 
make of motor correct speeds for all sizes of drills given on 
the standard speed plates furnished with the radial. The 
drill is driven through the speed box at the base of the drill 
column by which the speed variation is obtained. The starter 
and cut-out for the motor are located just back of the gear 
box. 


Fig. 3. Constant Speed Motor with Change Gear Drive. 


In Fig. 2 the radial is driven by a variable speed motor in 
which the speed changes are obtained by inserting resistance 
in the field circuit. The motor sets on a bracket made to fit 
the standard base of the drill and transmits power to the 
machine through a single pair of gears which, by means of a 
rheostat and the back gears gives approximately correct speed 
for all sizes of drills from a %-inch to a 34-inch drill. 

Another equipment, Fig. 3, retains the gear box for speed 
variation with a constant speed motor, but instead of using 
the chain the power is transmitted to the gear box by means 
of two spur gears and a rawhide pinion which, by merely 
altering the number of teeth in the pinion to suit the speed 
of the motor it is desired to use, furnish a’ correct range and 
graduation of speeds for all sizes of drills given on the stand- 


ard speed plates. 
* * * 


One of the troubles incident to the operation of third-rail 
electric traction systems arises from accumulation of ice on 
the third rail during sleet storms. The effect of the ice 
coating is to interpose a film of high resistance between the 
collector shoes and the charged rail, which seriously impairs 
the efficiency of such systems, causing sparking and loss of 
contact. New Yorkers had a painful illustration of this re- 
cently on the Manhattan Hlevated Railroad. Another serious 
objection to the third-rail is its danger to workmen on the 
track. On the Manhattan Elevated Railroad two heavy tim- 
bers are located close to the rail on each side to prevent ob- 
jects falling on the rail, or the workmen carelessly stepping 
upon it, but these are not sufficient safeguard, as proven by 
a number of accidents. What puzzles the lay mind is why 
the rail on this system is not protected by some sort of a 
ledge or roof open at one side to allow the conductor shoe to 
come in contact. While such construction would not be a 
total preventative of trouble from ice storms, it would largely 
mitigate it, and would reduce danger to workmen to a 
minimum. What promises still better is an inverted third- 
rail system invented by L.. E. Walkins, Springfield, Mass., in 
which, as the name implies, the rail is turned upside down 
in an insulated trough, the conductor shoe making contact 
from the bottom. The rail and its insulation sheath are sup- 
ported by steel brackets located about 15 feet apart. 
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A FRICTION WATER WHEEL GOVERNOR. 

In using the turbine for driving electric generators a most 
efficient regulator is needed to meet the exacting requirements 
of electric light, power and railway service. For this purpose 
turbine governors of various styles and makes are now in use 
and from time to time new designs are being perfected for 
obtaining closer regulation and more constant speed. The 
regulator which is here illustrated was built by the Woodward 
Governor Co., Rockford, Ill., and has proved very successful 
after a severe test at the three-phase power plant of the United 
States arsenal at Rock Island, Ill., where three governors are 
used with fourteen 50-inch turbines. These governors are 
required to close the gates from full open in six seconds and 
with the severe changes due to the operation of large induc- 
tion motors the greatest temporary fluctuation does not exceed 
three per cent. 

In another plant at Quebec, two governors are employed, 
each controlling four 51-inch horizontal cylinder gate turbines 
and operating the full range of the gate in five seconds. These 
cases serve to illustrate the class of work that a turbine gover- 
nor has to perform. 

This governor is drivén by a belt, from the line shaft of the 
installation, running on the large pulley shown at the back in 
Fig. 1. Secured fo the main shaft, which is driven by this 
pulley, is a compressed paper friction disk. On each side of 
this disk is a friction pan, the hub of which is cut as a pinion 
for driving the large spur gears shown on the operating shaft 
at the front of the machine. The main shaft, upon which the 
paper friction is mounted is free to slide in its bearings so 
that the friction disk may be forced into contact with one or 
the other of the friction pans. When it is forced into contact 
with the right-hand pan the pinion upon the hub drives 
one of the large gears and causes the shaft to revolve in the 
proper direction for closing the gate. When the disk is forced 
into contact with the other pan the operating shaft is driven 
through the medium of an intermediate gear, and it is caused 
to revolve in the opposite direction, thus opening the gate 


Fig. 1. Woodward Water Wheel Governor. 


wider. This constitutes the regulating action of the governor 
and it is controlled by the governor proper, which is shown 
in detail in Fig. 2. 

The speeder balls are driven independently from the main 
shaft of the installation by a belt running on a pulley at the 
back of the column. In front of the column is a cam which 
revolves constantly, being driven by a cross belt from the 
main shaft and a spiral gear. Above and below this cam will 
be noticed two arms or tappets which project inward toward 
the center. When the speed is normal the cam revolves be- 
tween these tappets without engaging either of them. With a 
variation of the speed and a corresponding elevation or de- 
pression of the speeder balls, the vertical shaft of the speeder 
raises or lowers, carrying with it the tappet arms and tappets; 
and one or the other of them, depending upon whether the 
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speed is slower or faster than the normal, engages the cam and 
is immediately forced out from the center. This motion is 
transmitted through suitable crankshafts to the main shaft, 
on which the friction is mounted, and it is forced into contact 
with the opening or closing friction pan. This causes one or 
the other of the pans to revolve, as before described, and oper- 
ates the turbine gate. 

The cam mechanism is capable of very close adjustment, 
enabling the governor to act on so small a change of speed 
that for the ordinary conditions of lightning service, no per- 
ceptible variation of speed will be allowed. At the same time 
the governor will not act upon the gate when the speed and 
load are steady, and consequently there is much less wear on 


Fig. 2. The Controlling Mechanism of the Woodward Governor. 


the gate mechanism than with a governor that keeps the gate 
in continuous motion although so slight as not to affect the 
speed. 

In hydraulic regulation, as well as in the regulation of 
steam, some mechanism is required to prevent the governor 
from racing and in this controller this is provided for by the 
disk and compensating wheel shown at the front of the col- 
umn. The disk, which is fastened just below the cam and 
revolves with it, is concave and rests upon the periphery of 
the compensating wheel. The oblique shaft which carries the 
compensating wheel is geared, at its lower end, to the operat- 
ing shaft so that it revolves only when there is a movement 
of the gates. The shaft is provided with a square thread and 
the wheel, which is tapped to match, rides upon the threaded 
portion. 

In operation, the principle is as follows: When the speed 
is normal the compensating wheel seeks the center of the disk 
which is supported upon it because this disk is constantly re- 
volving with the cam. When a movement of the gates occurs 
the compensating shaft is revolved and the wheel will travel 
along its shaft in such a direction that it will separate the 
cam from the tappet when the gate has been moved to that 
point which will give the correct speed, after the momentum 
of the machinery has been overcome. During this interval the 
disk will return the compensating wheel to the central posi- 
tion. This device can be designed to properly compensate for 
any condition, as the time element can be varied, not only by 
varying the pitch of the screw, but also by varying the speed 
of the oblique shaft with a change of gears. 


* * bo 


Better have a poor mill under a good foreman than a good 
mill under a poor foreman.—The Wood-Worker. 
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BEARINGS FOR LIGHTHOUSE LENSES. 


One of the problems often confronting the engineer is to 
provide a suitable bearing for a vertical revolving shaft and 
when this shaft carries a heavy weight at its upper end and 
revolves at a high rate of speed the problem becomes one ot 
considerable consequence. In no place is a bearing of this 
nature put to more severe test than where bearings are used 
to support the heavy lenses of the revolving lights in a modern 
lighthouse. Through the courtesy of the United States Light- 
house Board we publish the following description of the bear- 
ings used for this purpose: 

Under the old system of revolving lights, which is still 
largely in use, the lens is supported by an arrangement 
known as a chariot and upon which it turns. This consists 
of a number of wheels connected together and running upon 
a circular steel track placed on top of the lens pedestal. 
Usually there is another set of friction wheels fastened below 
the baseplate of the lens, but running horizontally against a 
vertical collar, the object of which is to prevent lateral mo- 
tion. The best speed obtained with this arrangement for the 
higher order of lenses, viz., the 1st, 2d, and 3d orders, is 
about one revolution in two minutes, and for the lower orders 
—4th, 5th, and 6th—about one revolution in one minute. 

With the introduction of the new system of “lightning 
lights” with lenses consisting of but one, two, three, or four 
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Fig. 1. 


Chariot Bearing. 


Fig. 2. Mercury Bearing. 


panels—instead of the old style many-sided lenses—and giv- 
ing flashes of about 1-10 of a second duration at intervals of 
five seconds—it was found that the chariot was altogether 
unsuited for the purpose, because it developed too much fric- 
tion, and the problem was solved by supporting the lenses 
upon an annular cast-iron float in an annular cast-iron vat or 
pot—both neatly turned—containing mercury, the free or 
clearance spaces between the two being about 44-inch on the 
sides and about 14-inch on the bottom. 

In order to prevent lateral motion and rubbing between 
the float and vat, the horizontal friction wheels, mentioned 
above, are sometimes retained, but more generally the object 
is accomplished by a vertical shaft, the pressure on whose 
toe, due to the weight of the lens, is almost wholly relieved 
by the buoying effect of the mercury. Usually the vat is ar- 
ranged so that it can be lowered for examination and repair, 
and a cover is provided to prevent foreign substances from 
falling into it. It is customary to cover the mercury with a 
layer of paraffin oil so as to prevent evaporation. By this 
arrangement the friction is reduced to a minimum, being 
probably a little more than that between the mercury and the 
turned cast-iron float, and enabling speeds of about one revo- 
lution in ten seconds in the higher orders, and of about one 
revolution in four seconds in the lower orders to be obtained. 
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A MECHANICAL OIL CUP. 

In many cases where there is a demand for something more 
reliable than hydrostatically operated lubricators, a mechan- 
ically operated oil pump has been found very satisfactory. 
The advantage of this method of lubrication is that the oiling 
is absolutely positive and ail of the oil that is fed to the 
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Mechanical Oil Cup. 


pump is bound to be forced into the steam chest or cylinder of 
the engine. The mechanical oil cup, shown in the illustration, 
has connected to it a small pump which is operated by the 
rotation of the crank disk D; the disk peing driven by means 
of the ratchets # and N. To operate these ratchets the rod 
J is connected to one of the eccentric rods, or other moving 
part of the engine by means of the couplings K and M. By 
moving the part K up or down the rod, the stroke of the 
pump can be lengthened or shortened, as desired, thus regu- 
lating the amount of oil fed by the pump independent of the 
feed from the oil cup. 

The ratchet wheel D is provided with a handle whereby it 
can be rotated by hand in case it is desirable to force a 
quantity of oil at any time, as, for example, when starting the 
engine. 

The bottom of the pump body, B, is tapped to receive a stud, 
so that it can be placed in any desired position, and the out- 
let, C, is piped to the steam chest or steam pipe of the engine. 
This cup is the product of the Lunkenheimer Co., Cincinnati, 
Ohio. 


k * ah 


THE HERCULES STEEL FACE PULLEY. 


One of the latest developments in the line of wood pulleys 
is the Hercules steel face pulley, shown in the cut, which is 
the product of the Smith Stamping Factory of the Federal 
Manufacturing Co., Milwaukee, Wis. This pulley is construct- 
ed with a wood center and arms, and has a face formed of 


a double flanged steel ring, which is securely fastened to the 
wooden arms both by bolts through the face and by rivets 
through the flanges. This pulley is made in halves and is 
very light, thus possessing the advantages of the wood split 
pulley, while the steel face gives it the strength and wearing 
qualities of a steel pulley. 
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NEW TOOLS OF THE MONTH. 


A RECORD OF NEW TOOLS AND APPLIANCES FOR MACHINE SHOP USE. 


MANUFACTURING MILLING MACHINE. 


The manufacture of the standard parts in large quantities 
in gun shops, sewing machine and typewriter factories, etc., 
has evolved a simple and compact type of milling machine, 
such as that shown in Fig. 1, which is one of the latest pro- 
ductions of the Garvin Machine Co., New York. 

The head, bed and saddle are cast in one piece, making a 
very rigid construction, and as in machines of this class lit- 
tle adjustment is required, the adjustment provided is con- 
fined to the cutters, moving them in and out on the arbor 
and raising the spindle up and down. The spindle is taper 
and runs in a solid self-oiling bronze box with hardened and 
ground thrust washers. It is carried in a large block fitted 
with taper gibs at the rear and adjusts up and down in the 
column of the bed. The block is clamped at both ends, at 
any height, by the bolts at the top of the column. The steel 
arm is also carried in this block, so that the arm and spindle 


Fig. 1. 


Garvin Manufacturing Milling Machine. 


move together and a substantial brace yoke is provided. The 
spindle is raised and lowered by the hand wheel, with mi- 
crometer reading, at the top of the column and locked by jam 
nut below the wheel. This construction and method of ad- 
justment is convenient in setting the machine and secures an 
absolutely solid support for the spindle. 

The arrangement for side adjustment of the collars on the 
arbor is important and shown in Fig. 2. The shoulder of 
the arbor is fitted with a fixed notched collar, A, each notch 
corresponding to 1-1000 of an inch. Set up against the shoul- 
der of the arbor is another notched collar, B, which locks 
with the notches in the collar A. Screwed on the collar B, 
but keyed to the arbor, is the collar ©. When the cutters are 
to be adjusted the nut on the outer end of the arbor is loos- 
ened until the collar B can be moved out of mesh into other 
notches in the collar A, and then the collar B is turned as 
many notches either way as it is desired to move the cutters 
thousandths of an inch, and put back in mesh and the 
whole tightened up again. It is evident that when the collar 
B is turned it will force the collar @ in or out, and when B 


is put back in mesh with the notches in the fixed collar A, 
the setting is absolutely locked and cannot change. The 
notched teeth do not bottom, and no strain is transmitted 
through them in any way. The arbor is held by a draw-in 
rod. 

The back shaft carries a large cone and is fitted with ring 
oilers and linked to the spindle to maintain gear distance, 
being geared 5 to 1. The table is wide and deep, and has a 
large oil space all around with an overflow opening on the 
inner side. It is fitted with square gibbing and large bearing 
surfaces on the bed. The feed is positively driven by chain, 
with tightener, through drop-forged hardened worm gears 


Fig. 2. Spindle of Manufacturing Milling Machine. 


connecting to the table feed screw. The movement of the 
table is by screw to secure steadiness, and is fitted with ball 
thrust for easy quick return by the large hand wheel and 
quick gearing, which gives a movement of 1% inch to one 
turn. The feed is thrown in by the lever at the front end 
of the saddle and tripped by a knob at the same point. All 
these trip parts are enclosed in the saddle and removed from 
contact with chips and dirt. The oil pan is provided with 
tipping oil pot and fitted with pump and piping, and extension 
shields are provided to catch all drip from the table. All 
driving and feed gearing is enclosed. 


SLOTTING ATTACHMENT FOR THE MILLING MACHINE. 

The illustrations given herewith show a new slotting at- 
tachment for the milling machine which has a number of 
points that commend it to toolmakers, diemakers or others 
having use for such a device. Fig. 1 is a photograph of the 
attachment as it is applied to the milling machine, while the 
details will be clearly seen by reference to Fig. 2, next page. 
This attachment had its inception in the shops of the Wm. 


Fig. 1. 


Slotting Attachment on Milling Machine. 


L. Gilbert Clock Co., Winsted, Conn., where the first one was 
built from designs made by their superintendent, Mr. Thos. 
W. R. McCabe, in 1895. Several years ago The Cincinnati 
Milling Machine Company purchased Mr. McCabe’s designs, 
which were the basis for the design of the attachment shown 
herewith. 

It consists essentially of a housing which clamps to the 
extension of the front spindle bearing, and is supported by the 
overhanging arm. A crank disk driven by an arbor helf in 
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the milling machine spindle imparts a reciprocating motion 
by means of a pitman to the slide which carries the tool. 
This crank has a T slot extending across its face, in which 
the crank pin is held; and the length of stroke may be varied 
by adjusting the crank pin toward or away from the center 
of the crank disk. The attachment may be set at any angle 
up to 10 degrees on either side of the vertical position for 
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Fig. 2. Detail of Slotting Attachment for Milling Machine. 


clearing dies, etc. This is accomplished by swiveling it 
about the milling machine spindle as a center, and since this 
is also the center of the crank the angularity between the 
pitman and slide is always constant and the length of stroke 
is not disturbed by swiveling. The tool is held in a “clapper 
box” which, in turn, is held in a swivel block that is gradu- 
ated in degrees and may be swiveled through a complete cir- 
cle and clamped at any angle. It has a stroke of from 0 to 2 
inches on the small sizes, and from 0 to 3 inches on the 
large sizes. The distance between center of milling 
machine spindle and bottom of clapper box when it is at 
the top of the stroke is about 5 inches on all sizes, which 
gives an unusually large amount of room between the at- 
tachment and the top of the table when the latter is in its 
lowest position. The center of the tool is 9%4 inches from 
the face of the milling machine column, on all except the at- 
tachment for the smallest size miller, and it will be seen 
from the illustrations that this space is all clear and avail- 
able for work—there being no parts of the housing that pro- 
ject below the tool holder. There is an adjustable taper gib 
provided for taking up the wear on the slide. The attach- 
ment is made by The Cincinnati Milling Machine Company, 
Cincinnati, Ohio. 


STEWART MAGNET HEATING FURNACE. 

One of the latest productions of the Chicago Flexible Shaft 
Co., Chicago, is the gas furnace shown herewith. Although de- 
signed especially for heating telephone magnets, it is well 
adapted for handling all kinds of small pieces, of a similar 
character, that have to be heated in large quantities. The 
furnace is mounted on a hollow base which incloses a pres- 
sure-equalizing air reservoir to which is directly connected 
a rotary pressure blower of the slow speed type. This makes 
a very compact arrangement and allows a large capacity for 
the floor space occupied. The burners are so arranged that 
the flame is projected diagonally downward against the floor 
lining and comes directly in contact with the work that is 
being heated, thus insuring a quick, uniform heat that is 
under perfect control of the operator and regulated by the 
valves on air and gas supply pipes. The shape of the linings 
is such that the heat is evenly distributed and turned to use- 
ful effect. : 

The magnets or other pieces to be heated are placed in the 
furnace through the long opening in front and when heated 
are removed through the square opening at the side. In this 
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way the work is continuous and the capacity of the furnace 
equal to the operator’s ability to put in and take out the 
pieces. This furnace has shown a great economy in fuel over 
previous furnaces of the same class, and a saving in labor 
over coke or coal furnaces, of 300 per cent. As high as 1,806 
telephone magnets have been heated with one of these fur- 
naces in a single day. 


Stewart Magnet Heating Furnace. 


TOOL POST GRINDER FOR WHT GRINDING. 

In shops not possessing an expensive universal grinder very 
satisfactory results are obtained by the use of the tool-post 
grinder and its use has become widely appreciated. Up to the 
present time, however, these grinders have been fitted for dry 
erinding only and to meet the demand for a wet grinder the 
Grant Mfg. & Machine Co., Bridgeport, Conn., have produced 
the wet tool-post grinder that is here illustrated. This grinder 
has a hardened and ground steel spindle which runs in ad- 
justable bronze dust-proof boxes. It can be placed in the tool- 
post of an ordinary lathe in the same manner as the dry tool- 
post grinders. The addition of the water hood adapts it for 


Tool Post Grinder for Wet Grinding. 


use with thin cutters or where there is danger of drawing the 
temper of the tool being ground. The hood is provided with 
an adjustable water spout so that the water will impinge 
between the wheel and the work on any size of wheel that 
may be used. If desired; when dry grinding, the hood may be 
readily removed. The drum of the countershaft, furnished 
with the grinder, is made entirely of sheet metal and is per- 
fectly balanced, making a light, smooth-running drum that is 
safe at all speeds. 


A VERTICAL GRINDING MACHINE. 
The accompanying half-tone illustrates a vertical grinding 
machine that has just been placed on the market by the Tan- 
ite Co., Stroudsburg, Pa., and while not especially novel as 
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a grinder, is of particular interest because of its special adap- 
tation to the use of a particular solid emery wheel that is the 
product of this company. This wheel, although truly a solid 
emery wheel is, nevertheless, semi-hard. Instead of being 
brittle, and ringing like a bell when struck, this wheel is 
compressible and more or less elastic. It is a mixture of 
emery and other materials and has about the consistency of a 
rubber car-spring. It is not as well known as it should be 
that solid emery wheels of the ordinary kind are not suited 
to very fine work. It is almost useless to make solid emery 
wheels of very fine emery, as the vibration of machine, wheel 
and work produces wave marks and irregularities. Solid 
emery wheels are in their right place when used for cutting 
or grinding, but when polishing is needed the wooden wheel, 
with its band of compressible sea-horse leather coated with 
emery, seems the proper thing. All good polishing wheels 
are more or less compressible. In this semi-hard wheel, emery 
as coarse as No. 24 will produce a finish very much finer than 
the same emery would if used in a solid wheel. 

It was once believed that the semi-hard wheel would be 
a very great success, but this success was negatived by the 
discovery that semi-hard wheels could not be run at the stand- 
ard speed of a mile a minute. It was found that such wheels 


Vertical Grinding Machine. 


would do excellent work at half speed. The buyers of such 


wheels, however, objected to purchasing additional machines . 


and experimented at their own risk by running the semi-hard 
wheels at the unwarranted full speed, the result being that 
these wheels expanded from centrifugal force—grew thinner at 
the center—and became loose on the spindle. Thereupon the 
grinder at once screwed up his flanges and these expansions 
and screwings up being progressive the wheel soon burst 
from centrifugal force and from the squeezing at the center. 
The Tanite Co. then experimented with a view to making 
semi-hard wheels which would be safe at the standard speed. 
The facts incidental to this endeavor throw an interesting 
light on the strain which a good emery wheel can resist. 
Wire webs, Manila fiber, and other substances which could 
be practically introduced into the body of the semi-hard wheel 
to strengthen it were torn asunder by the immense centrifu- 
gal force evolved in the testing speed, which was always 
double and sometimes treble the standard running speed. A 
14-inch wheel with three disks of sole harness leather, 12 
inches in diameter, molded in its substance was readily burst 
at the test speed, the three disks of leather being torn through 
the center. 

In the machine here illustrated the semi-hard wheel (with 
either a plane, curved or cone-shaped surface) is set inside 
of the metal ring and is thereby prevented from expanding 
and bursting; it can, therefore, be run with safety at the 
Standard speed. By means of the hand screws the bottom 
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plate of this wheel chuck, or holder, can be raised or lowered 
so that as the wheel wears it may be raised and kept just 
equal with or above the rim of the chuck. 


A NEW UNIVERSAL JOINT. 
The accompanying half-tone shows a new universal joint 
that has just been placed on the market by the Mutual Ma- 
chine Co., Hartford, Conn. This joint, which is shown as- 


sembled in the upper view and in pieces in the lower, is con- 
structed in a new and unusual manner, tending to increase 
the strength and efficiency of the joint. 


Upon one of the jaws 


New Universal Joint. 


are two shouldered pins which are integral with the jaw it- 
self and therefore cannot pull out or work loose. The center 
block which fits over these locking pins has two grooves for 
the reception of the heads of the pins. The binding screw by 
which the joint is fastened together passes directly through the 
center block at right angles to the locking pins. The effect 
of the pins in one direction and the screw in the other is to 
lock the block together firmly and make it impossible for the 
sides to spring apart, at the same time forming a flexible joint 
that is free to move in any direction. 

In the center of the block will be noticed a cavity which 
can be filled with grease or vaseline, thus making the joint self- 
oiling and requiring attention only at long intervals. A hole 
through the binding screw communicates with this central 
cavity, so that oil or lubricant can be introduced without tak- 
ing the joint apart. 


MOTOR-DRIVEN CRANK SHAPER. 

The motor-driven crank shaper shown in the half tone is 
the latest production of the American Tool Works Co., Cin- 
cinnati, Ohio. This machine follows the general design of 
the shapers previously built by them, but has been thor- 
oughly redesigned, extra weight added to base and column, the 


Motor Driven Crank Shaper. 


bearing surfaces increased and oiling facilities improved. 
The stroke is positive and its length may be changed at will 
without stopping the machine. The regulation of the stroke 
is facilitated by an index on the face of the ram. The rocker 
arm is pivoted near the base line, and this gives the ram an 
almost uniform rate of speed its entire stroke, and provides an 
exceedingly quick return, while the back gear ratio gives 
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the tool exceptional power in taking heavy cuts. The rocker 
arm is of double-section pattern, permitting large sized 
shafts to be passed under the ram, through the hole shown in 
the top of column, for keyseating. 

The motor is mounted on a substantial base directly back 
of the column. It is of the constant speed type, running at a 
high speed, the proper variation in cutting speed of the ram 
being obtained through a pair of cone pulleys. One is mounted 
directly on the motor shaft, the other on a stud on the column. 
The cone on this stud carries a pinion which meshes into a 
large gear on end of driving shaft. This driving arrangement 
gives the belt a high velocity and has proved very satisfactory 
wherever it has been installed. 


NEW FRICTION TAPPING DEVICE. 

The “Hollm” friction tapping device for preventing break- 
age of taps when the operator neglects to reverse pefore the 
bottom of the hole is reached, etc., is probably the simplest 
device of the kind yet put on the market. It consists essen- 
tially of a body A, bored with a taper hole, the included 
angle of which is about 16 degrees, lined with a thin sheet 
of red fiber composition. Into this taper hole the end of the 
tap-holder D is fitted, and it is driven by the friction developed 
between it and the fiber lining. The amount of friction and, 


The “Hollm” Friction Tapping Device. 


of course, the force with which a tap is driven, depend on 
the setting of the cup-shaped piece B by which the pressure 
between the body A and tap-holder D is regulated. The 
check-nut G@ holds B at any desired setting. This device, 
which is made in three sizes for large, medium and small 
taps by the Whitney Manufacturing Company, Hartford, Conn., 
may be used interchangeabiy with their “Presto” collets. 


TWO NEW CHUCKS. 

Of all of the troubles in the machine shop none is more 
often in evidence than that caused by breaking the teeth of 
the bevel gears which are used for turning the ring that 
operates the universal chuck. The construction of the ordinary 
scroll chuck is such that a very low limit is placed upon the 


Fig. 1. 


Spur Geared Scroll Chuck. 


size of these bevel gears and for this reason they are, of 
necessity, the weakest part of the tool. It is apparent that a 
spur gear of given diameter and pitch is much stronger and 
will wear longer than a bevel gear of the same size, so that 
the substitution of a spur gear and pinion for the customary 
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pinion and rack would seem to remedy this most fruitful 
source of trouble. 

A scroll chuck constructed upon this principle has just 
been brought out by the Westcott Chuck Co., Oneida, N. Y., 
and is illustrated in the accompanying cut, Hig 7 oeeebne 
steel scroll by which the jaws are caused to open and close 
has a spur gear cut upon its edge and this is driven by a 
strong spur pinion. The end of the pinion shaft is fitted to 


receive a socket wrench that is applied through a hole in the 


Fig. 2. ‘Little Giant” Chuck, with Auxiliary Screw. 


face of the chuck. After tightening the work in the jaws by 
this means an open-end wrench may be slipped through a 
slot in the side of the chuck and engaged with a hexagonal 
shoulder on the pinion shaft. To this wrench may be applied 
much more power than it is possible to exert upon a socket 
wrench. The power of the lathe may be applied to the wrench 
by allowing the handle to strike the lathe bed. The seroll is 
manipulated rapidly by means of a lever which engages di 
rectly with it at the back. The jaws are reversible. 

Another chuck which has been brought out by the same 
company is the “Little Giant,” auxiliary screw, drill chuck. 
In drill chucks with side screws the inner or gripping part 
of the jaws has a tendency to crowd away from the right and 
left hand screw, and the outer end of the jaws tends 
to draw toward the screw. Such tendency is overcome in 
this chuck by the use of an auxiliary screw which binds the 
jaws on the side opposite that clamped by the right and left 
hand screw. After closing the jaws on the drill in the usual 
manner, by turning the right and left hand screw, the auxil- 
iary screw is tightened, with the effect of virtually bolting the 
two jaws together. 


MASSEY’S DIVIDED VISE. 

One of the latest productions of the Massey Vise Co., Chi- 
cago, is the divided vise, a cut of which is shown below. This 
vise is intended for use on the planer table, where the two 
halves can be fixed at any desired distance apart, for hold- 
ing pieces of any desired length or width. The work is sim- 


The Massey Divided Vise. 


ply dropped into the vise, which is screw-tightened up, and the 
bevel jaws, which are peculiar to the Massey vise, force it 
down hard and evenly onto the planer bed, thus insuring that 
the work be held flat without any hammering. 

Two styles of this vise are being made. One, No. 60, being 
for large work and having jaws 3% inches deep. The other, 
No. 61, is for holding strips or work that is to be set true 
to the edge. The lower edges of the jaws of this vise are only 
three-eighths inch from the bed of the planer. 
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AMONG THE SHOPS. 


NOTES ON ELECTRIC WELDING—NEW SHOPS OF THE STANDARD ROLLER BEARING Cco., 
PHILADELPHIA—MISCELLANEOUS DATA. 


MONG the applications of electricity to useful purpcses, 
A that of electric welding is probably less appreciated or 
understood than any other important use to which it is 
adapted in the arts. We believe that even the recent develop- 
ments in electro-chemistry that have come about since the 
establishment of the first Niagara Falls power plant are 
more widely known than are the possibilities of electric 
welding. The process is used, however, by many large manu- 
facturers, especially in the lines of carriage hardware, wire 
and wire goods, and bicycle and automobile parts; and for 
miscellaneous work of almost endless variety, such as weld- 
ing street railway 


products that are regularly manufactured and sold is a well- 
equipped jobbing department where work of all descriptions 
within the capacity of their machines is welded for the trade. 
Here various kinds of articles which it is practically im- 
possible to weld by the forge method, are electrically welded. 
But no work is solicited for this department which can be 
economically welded by ordinary methods, since electric 
welding has its own distinctive field of usefulness in making 
it possible to produce certain articles by an entirely different. 
course of procedure from what would ordinarily be followed. 
This is practically a new field, which as yet has not been 

adequately ex- 


rails, lengths of 
piping, chains, prin- 
ters’ chases, carpen- 
ters’ squares, the 
teeth of large saws, 
axe heads, etc. 

It is also probable 
that of the various 
plants, using elec- 
tric welding pro- 
cesses, that of the 
Standard Welding 
Co., Cleveland, O., 
is of the greatest 
interest, because of 
the variety of weld- 
ing that is accom- 
plished there. The 
first time that the 
writer called at 
these works it was 
a matter of surprise 
to him to find a 
power plant of such 
proportions as it re- 
quired for supply- 
ing the current for 
the welding opera- 
tions. A view of 
the engine room is 
shown on this page. 
It is equipped with 
a modern vertical 
engine of 500 horse 
power,  direct-con- 
nected to a General 


plored, and many 
manufacturers of 
all kinds of ma- 
chinery could un- 
doubtedly adopt the 
method of making 
different parts or 
sections of pieces 
separately and then 
finishing by weld- 
ing, producing a 
superior article at 
greatly reduced 
cost. This method 
also permits using 
complicated ma- 
chine parts, if de 
sired, without en- 
tailing a high cost 
of production. One 
feature is the possi- 
bility of reducing 
the cost of screw 
machine work or of 
eliminating some 
of it altogether. 
This can be ac- 
complished where a 
large amount of 
metal would ordin- 
arily be removed 
from the bar, pro- 
ducing a shank of 
much smaller diam- 
eter than the other 
parts of the piece. 


Electric 350 K. W. 
generator with re- 
volving fields, espe- 
cially designed for electric welding purposes. The engine 
has Corliss valves, with shaft sovernor, and the generator 
supplies a two-phase current, operating at 350 volts with 509 
amperes per phase. The whole power of this generating unit 
is required for supplying the current to the different welding 
machines in the works, which indicates ihe extent to which 
this new branch of the metal-working industry has been de- 
veloped in this one plant alone. 

The Standard Welding Co. is unique in that its entire busi- 
ness consists in electric welding and nothing else; or at least 
in manufacturing articles in which electric welding is an 
integral part of the process, without which the products would 
have to be manufactured in an entirely different way and in 
most cases at a greatly increased cost. In connection with 


Fig. 1. Engine Room of Standard Welding Co., Cleveland, O. Five hundred H. P. Engine and Generator 
used for Supplying Current to Electric Welding Machines, 


By using stock of 
small diameter for 
the shank and 
welding it to the larger piece, after both have been finished, 
the completed product may be obtained equal in every way to 
that produced entirely on the screw machine. By means of a 
Swaging machine taper stock can be produced and welded 
to a straight body; tool steel can be welded to machine steel 
or iron; and where lightness or strength is desirable a piece 
built up partly of tubing and partly of solid stock—as where 
a link or stay is required—having solid eye ends. 

The chief product manufactured by the Standard Welding 
Co. is tubing, made from cold-rolled open-hearth steel, which 
is rolled into cylindrical form and electrically welded and 
finished by drawing, swaging, and polishing in the usual 
manner in which all tubes manufactured by the hot piercing 
and rolling process are finished. Reducing the diameter of 


394 MACHINERY. 


Fig. 2. View of Stock Room showing Stock of Tubing. 


the tubing on the draw bench makes a severe test of the 
joint at the seam, which, however, is known by many labora- 
tory tests to be as strong as the rest of the metal. In fact, 
one of the products turned out with success is tubular steel 
bottles in sizes up to and including five inches diameter, 
which are intended for the storage of compressed gases and 
are regularly tested at 4,000 pounds per square inch. ‘These 
are made by welding the caps and bottoms to sections of open- 
hearth tubes made by the electric welding process. The ex- 
tent of the tubing branch of the business can be judged by 
the stock of tubes shown in the illustration, which is from a 
photograph of the stock room. 


Fig. 4. Machine for Welding the Longitudinal Seam in Tubing. 


The next most important item of manufacture is that of 
rims for automobiles and carriages—principally the former— 
these being made in standard sizes and shapes, gaged accu- 
rately to dimensions, so that the wheels to which they are to 
be applied may also be made up in standard sizes and both 
wheels and rims be interchangeable. 

Still another important feature is the manufacture of bent 
parts from the tubing which they make, for use by bicycle 
manufacturers, such as rear forks and stays, fork sides, 
fork stems and seat posts, together with bent tubes for 
frames for ladies’ bicycles. 

Electric welding is carried on under the patents of Elihu 
Thomson, which are controlled in this country by the Thom- 
son Blectric Welding Co., Lynn, Mass. The principle in- 
volved in electric welding is that of passing currents of 
electricity through the abutting ends of pieces of metal to 
be joined, thereby generating heat at the point of contact, 
while at the same time pressure is applied to force the parts 
together. As the current brings the metal to the welding tem- 
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perature and the surfaces to be united become soft the end 
pressure causes the opposing points of these surfaces to come 
into intimate contact and form a perfect weld. 

Nearly all machinery for electric welding is of special de- 
sign, to adapt it to the various classes of work. A welding 
machine consists primarily of a transformer, by which alter- 
nating currents of comparatively high pressure and small 
flow may be changed to currents of very low pressure and 
great volume, mounted in a suitable frame bolted to two 
eun-metal or copper tables on which the clamps for holding 
the pieces to be welded are placed. The current from the 
transformer enters the piece to be welded by the holding 
clamp, and passes through the joint between the pieces, heat- 
ing the metal at the joint and a small distance on each side 
of it. The operation of welding is performed very quickly, 
the time required depending upon the power applied and 
the cross-sectional area of the metal to be joined. For very 
small work, up to 14-inch in diameter, semi-automatic welding 
machines are used, on which aS many as 8,000 welds have 


Fig. 3. Row of Electric Welding Machines in Tubing Department. 


been made in a day of ten hours. In some work of larger 
size, requiring care in adjusting the pieces, the speed may 
be as low as 200 or 300 welds in the same time. Two horse 
power applied to the dynamo is sufficient to weld a piece 14- 
inch in diameter in 2 seconds; a piece % inch in diameter 
can be welded in 18 seconds, with about 13 horse power. It 
is found that about 28 horse power is required to weld one 
square inch area of iron or steel in 45 seconds. To weld a 
piece of twice this area, twice the horse power would theo- 
retically be required, although practically a little more than 
double the power would be necessary. A piece 4 square 
inches in area requires 84 H. P., to be welded in 90 seconds. 

In heating pieces to be welded in a forge the outer surfaces 
become hotter than the interior, inasmuch as the heat has 
to travel from the outside toward the inner sections, and 
there is more or less scaling and sometimes blistering. To 
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Fig. 5. Group of Electrically-welded Pieces. See List on Next Page. 
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offset this some flux is employed, particularly in the case 
of steel, which is difficult to weld by the ordinary method. 
The heat also travels along the piece, often injuring parts 
of metal not required for the welding. In electric welding 
there is absolute control over the heat, the process can be 
continually watched and there is no formation of scale, 
tending to produce an imperfect weld. The heat effect is from 
the center toward the outside of the piece, and when the 
weld is made the structure of the metal at the joint is the 
same as elsewhere. A great advantage also is the fact that 
various kinds of metals, such as copper, can be welded; or 
two different kinds of metals may be joined where heretofore 
the welding could be produced only by the greatly inferior 
process of brazing. 

The tubing manufactured by the Standard Welding Co. is 
made from flat sheets of steel, formed into the shape of a 
cylinder by passing between pairs of grooved rolls, the axes 
of these being alternately in vertical and horizontal planes, 
so located as to draw the edges of the steel together to form 
the tube. In Fig. 3 is a view of the section of the tubing 
department, showing a row of electric welding machines de- 
signed especially for this class of work. Fig. 4 gives a front 
view of one of these machines. In this the tubing, previously 
rolled into cylindrical form, is fed to the machine and the 
edges pressed together by the grooved rollers. Then the 
edges of the tube come in contact with the peripheries of two 
rotating discs which serve as contact points by which the cur- 
rent is made to pass through the section to be welded. 

Fig. 5 is a reproduction of a photograph from a collection 
of pieces of various descriptions turned out in the different 
departments, and illustrating the variety of uses to which 
electric welding can be applied. A list explaining Fig. 5 is 
given herewith: 


Cylindrical band 6 inches wide by 4 inch thick. 

Knife handle (steel). 

Crucible steel end welded to machinery steel. 

Gear case housing—steel tube welded to stamping. 

Iron ring for magnetic field circuit for motor vehicles. 
Taper plug for handle bar—stem welded to straight tube. 
Cream separator’ bowl. 

Electrically welded tubing 2 inches O. D. by 13 gauge. 
Nitrous oxide gas bottle, tested to 4,000 pounds. 

10. Continuous band, bicycle pedal. 

11. Cylinder for soda water tanks, tested to 600 pounds. 

12. Disk 3 inches by 4 inch for automobile flanges. 

13. Baby carriage tire. 

14. Kelly handle bar forging, yrelded to steel tube. 

15. Oval tube, 13 gauge. 

16. Bicycle seat post forging with welded extension. 

17. Retaining band, 7 inches by .090 inch for soda water cylinders. 
18. Bicycle bottom bracket. 

19. Pressed steel automobile hub. 

20. Section of Bessemer steel, welded, 6 inches by 2 inches. 
21. 4-inch steel tube by %4 inch walls. 

24. Standard clincher rim, Goodrich type. 

26. Bicycle seat post. 

27. Part of butcher’s saw frame. 

28. Tubular arch for Baker motor vehicle, made from tubing. 
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NOTES FROM THE GARVIN MACHINE CO., 
NEW YORK. 

A form of inserted-tooth milling cutter is quite generally 
used in the extensive machine Shops of the Garvin Machine 
Co., New York, which, we believe, is rarely met with in other 
shops. The feature that distinguishes this cutter from others 
is the manner of recessing for the cutters and the location 
and form of the binding screws. The principle of construc- 
tion is shown in Fig. 1, which is not drawn to scale but only 
given to illustrate the idea. 

The cutter body is turned on the edge to the approximate 
shape shown, the longer or upper side being at an angle of, say, 
30 degrees with the axis of the work spindle. The slots for 
the cutters are milled at the same angle, but before this is 
done the holes for the binding screws are drilled and tapped 
and then the slots are milled directly through the center of 
the holes, leaving an equal amount of thread on each side. The 
Screws are necessarily short and of comparatively large diam- 
eter for the size of steel in the cutters. These features, to- 
gether with that of the interrupted thread, might be thought 
to render the fastening somewhat insecure, but it apparently 
works well in practice. 

A sort of universal jig attachment is provided for almost 
all the upright drills in this shop, which is of a simple char- 
acter but one, nevertheless, that has been found most useful 
on many classes of work that must be drilled to a certain de- 
gree of interchangeability, and for which regular jigs would 
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be too expensive. It consists of an angle piece, A, Fig. 2, 
clamped to the vertical column of the drill so as to be ad- 
justable vertically. The outer end is bored concentric with 
the drill spindle on the drill itself, for a guide bushing (0. 
A series of guide bushings are, of course, supplied for all 
sizes of drills used, the same as with the regular J12 ON 
the under side of the angle piece is planed a shallow groove 
lengthways of the horizontal arm, and in this is fitted the 
tongue of a Y-shaped piece D. This piece is slotted for a 
clamping screw, as shown in the plan view in the upper part 
of the cut, Fig. 2. 

The idea of this jig is to provide means by which round 
bosses such as the ends of levers, connecting-rods, bell-cranks 
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Fig. 1. 


and similar parts that are a large part of the work on certain 
classes of machinery, like paper bag machines, etc., can be 
automatically centered without the use of a special jig for 
each piece. The device is also used to get the holes at exact 
distances apart, as also shown in the plan in Fig. 2. After 
the hole in one end of a lot of levers has been drilled, a stud, 
F, is located on the drill-press table, which closely fits the 
holes. This stud is so located as to permit the other end of 
the lever that is to be drilled to swing into the angle of the 
Y-shaped piece and center under the drill. It will be under- 
stood that the operation of setting a piece to be drilled in 
this manner is much quicker than the telling of it. 

An interesting machine in this shop is a special tool de- 
signed by Mr. Norton for boring the holes for the spindle, 
overhanging arm and back gears in the frames of milling 
machines, also drilling the holes for the binder screws for 
the overhanging arm and sawing the slots—all at one setting. 
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Fig. 2. 


The machine has a complete and expensive equipment of 
boring bars, cutters, etc., for all the sizes and styles of col- 
umn milling machines built by the company. The three holes 
for the spindle, overhanging arm and back gears are all 
bored at the same time. The drilling of the binder holes 
and sawing of the slots so that the metal may be gripped 
onto the overhanging arm, are done afterward. 

In making cone belt pulleys, it is the practice to first bore 
them in a Beaman & Smith double-head machine, boring 
from each end at the same time with boring bars carrying 
one cutter each. A recess is, of course, cored in the middle, 
so that clearance is given between the two bars, that a hole 
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Fig. 1. General View in New Machine Shop of Standard Roller Bearing Co. 


may be finished without interference. The cone pulley cast- 
ing is held between the two heads of the machine in a simple 
frame or jig which is adjustable so as to be universal for 
the different sizes of cones. The same machine, with other 
jigs, is used for many other operations of equally novel 
character. 

The Garvin shop being in a large city is naturally built 
in a vertical direction rather than being extended over a 
large area. The building is eight stories high, besides the 
basement, making nine floors in all. Of course elevators are 
provided, which make the trip from one floor to the other 
quick and easy; still it is scarcely expedient to use them 
for transporting tools from the tool room to the different 
floors, so auxiliary tool rooms are provided which carry a 
small stock of the tools most called for in each department, 
and the others are requisitioned from the main tool room by 
means of a chain conveyor. The order is carried down to the 
main tool room and the required tool brought back in the 
same manner. The conveyor runs constantly in one direction, 
the flights or buckets being so constructed as to always re- 
main right side up while making the circuit. 

The drawing room is a well-lighted room with 11 drawing 
tables. These tables are so constructed that a draftsman can 
work on any side without interference with the table sup- 
port. The support is a cast-iron column screwed to the floor, 
and the table is secured to the top of the column in a hori- 
zontal position, the arrangement being non-adjustable. Over 
4,000 drawings are filed in cases in the drawing room, and all 
originals are also preserved. The card index is used for 
reference. 


Fig. 3. Row of Screw Machines making Rollers and other Small Parts 
of Bearings. 
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NEW SHOPS OF THE STANDARD ROLLER 
BEARING CO., PHILADELPHIA. 

The Standard Roller Bearing Company, Philadelphia, are 
now located in their new factory, which is situated upon a 
tract of three acres facing upon the main line of the Pennsyl- 
vania Railroad, about 10 minutes’ ride from City Hall. The 
buildings consist of a three-story brick building 60 by 200 
feet, an office building 25 by 75 feet, main shop 150 by 200 
feet, with boiler house engine room and blacksmith and forg- 
ing shops built adjoining the main shop, but separated by fire 
walls. All buildings are of brick and steel construction and 
the roof of the main machine shop is of the saw-tooth variety, 
facing north, which gives a strong light throughout the shop- 
A record was established in building the main shop. In 47 
days from the breaking of ground the entire building was 
finished, complete in all respects, and in four months from 
the breaking of ground the machinery had been moved from 
the old factory in the center of the city and was set up and 
running to full capacity in the new factory without interfer- 
ing with shipments to any extent. A brass foundry is now 
nearly finished and an addition to the main shop 125 by 320 
feet will be erected during the coming summer. 


The Departments. 
At one end of the machine shop are the drafting room, 
pattern room and stock room, and adjoining the latter, the 
shipping department. At the other end of the pbuilding, a side- 


Fig. 2. The Largest Automatic Screw Machine ever built; Operates 
on a 6-inch Bar. 


track runs into the property adjoining the main machine shop. 
and is formed into a steel storage room. All of the steel 
used is brought in at this point, the machines being set in 
such a manner that the steel is gradually worked from one 
department to the other, until at the other end of the building 
it comes out as finished stock. 

In the center of the building is located the tool room, being. 
a small room separated by wire netting from the balance of 
the shop. After the tools are made, they are placed in an- 
other separate room, from which tools are taken as they are 
required by the machinists, who leave the usual check for 
each tool as they receive it. On Saturday of each week, all 
tools are returned and checked off and delivered again to each 
workman on the following Monday. 

On one side of the shop, and in a department by itself, are 
lathes in two lines. This department turns out the special 
sizes of bearings which cannot be made to advantage on auto- 
matic machines. Adjoining this, is the milling machine de- 
partment, and in another separate department are two rows 
of Cleveland automatic machines, and two rows of hand 
screw machines. At the other end of the building, also in a 
separate department, are the drilling and special machines 
used for making roller bearing and ball bearing cages, thrust 
cages, etc. Adjoining this is the grinding department, con- 
sisting of a number of external grinders, with water attach- 
ment; and about sixty universal grinders, each of the latter 
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being connected with an exhaust fan, which draws all emery 
dust through pipes, carrying it to a tank upon the roof, the 
result being that this department is as clean and free from 
dust as the lathe or any other department. 

In the power plant is a Berry Boiler and a C. H. Brown 
engine, which, by the way, is an exceptionally quiet-running 
engine. A Crocker-Wheeler generator produces electricity for 
lighting and other purposes, and also for power in the three- 
story building above referred to, which is used for assembling, 
storage, etc. The engine is connected by ordinary belt drive, 
with three main lines of shaft, all the latter being equipped 
with Standard roller bearings. The main drive connections 
are made in the center of the building, each being connected 
with a friction clutch made by the Medart Patent Pulley Co., 
the result being that any one of the six departments may be 
run separately if desired. 

The principal product consists of grooved ball thrust bear- 
ings, roller thrust bearings, ball thrust collar bearings and 
roller journal bearings. The rollers for the bearings are 
ground to gage after being hardened. With the journal 
roller bearings are furnished hardened steel sleeves or bush- 
ings, one to be forced on the shaft and the other to be forced 
into the box or housing over the rollers, so that the rollers 
have hardened steel to run upon. The bushings are ground 
accurately inside and out, so that they are perfectly parallel. 
This work is done on universal grinding machines. 


Fig. 5. Grinding Rings for Grooved Ball Thrust Bearing. 


With both ball and roller thrust bearings, hardened steel 
washers are furnished, ground accurately upon both sides, 
after being carefully hardened. Tool steel is rarely used in 
bearings, owing to the fact that it breaks or chips very easily 
and does not give as good results as case-hardened steel. The 
steel washers, sleeves, etc., are case-hardened to a depth of 
from 1-64 inch to % inch, according to the weight, etc., to 
be placed upon the bearing, the depth usually being about 
one-third the thickness of the piece, leaving the center third 
soft. The hardening is done by placing the steel in cast iron 
boxes, in a preparation of bone, and baking it from eight 
hours to forty-eight hours, according to the depth desired. 
Steel treated in this manner has great toughness, owing to 
the fact that the center is soft while the outside gives a glass 
hard wearing surface, and is in effect, tool steel on the outside 
and machinery steel inside. Case-hardened pieces can be 


bent to a considerable degree without cracking, while the out- 


side surface is so hard that a file cannot cut it. Any depth of 
hardening that may be required can be readily furnished after 
sufficient experience, and it is probable that case-hardened 
steel will be more generally used as its merits become better 
understood. A fracture of case-hardened steel shows a very 
fine grain, similar to tool steel on the edge, the center being 
of a larger grain and similar to ordinary machine steel. The 
case-hardening department consists of six furnaces, having 
a capacity of about 4,000 pounds per day. Fuel oil is used 
exclusively in these furnaces, as it gives a very uniform heat, 
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Fig. 4. Row of Drills. 


and one easily controlled. The furnaces were designed by 
the Standard Roller Bearing Company, but are very similar 
to the Brown & Sharpe type. In addition to the case-hardening 
furnaces are three coal forges, drop hammer, and the neces- 
sary water and oil tanks for tempering. 

A number of special machines are in use, designed for 
the manufacture of roller bearings. One of these is a six- 
inch automatic screw machine which will work up a six-inch 
bar, weighing 3,500 pounds, entirely automatically. It is 
used in making ball thrust collars and rings. It is powerfully 
geared, with two forward speeds and several cone changes on 
the countershaft. There are six holes in the turret and 
a section of the bar 6% inches long can be operated on at one 
setting. This machine was built especially for tnis work by 
the Cleveland Automatic Machine Co., Cleveland, O., and so 
far as we are informed is the largest automatic screw machine 
ever constructed. 

A special machine was designed for drilling roller thrust 
cages, as is shown in the illustration. This machine works 
automatically, drilling to a certain depth, when the turret 
moves backward, turning at the same time to the next point 
to drill, continuing the operation until ten, twelve, sixteen 
or more holes are drilled in the thrust cage. This machine is 
fitted for drilling either steel or brags, having a pump attach- 
ment to force oil when drilling steel. 

A Rogers & Hurlbut cutting-off machine has been fitted 
up with a special pump for forcing oil upon the cutting-off 
tool. This has been done at a very slight expense, and has 
resulted in an increase in the output of the machine of from 
30 to 40 per cent. at an increase of not over $25.00, in addi- 
tion to which it keeps the tools in excellent condition. 


Fig. 6. Special Machine for Drilling Cage Ends. 
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An interesting testing machine has been made to give a 
graphic illustration of the utility of bearings, especially under 
heavy pressures. This machine contains a thrust bearing, the 
rings of which have an outside diameter of 8 inches and an 
inside diameter of 4 inches. It is arranged so that by com- 
pressing a spring a pressure of any amount up to the capacity 
of the machine can be brought against the bearing. Under 
5,000 pounds’ total pressure the bearing can be turned easily 
by hand by means of a small handle attached to one of the 
rings. With rollers removed it would not be possible, of 
course, to move the disks at all. 

The use of roller bearings has grown materially during 
the past few years. At our request a list has been prepared 
of the different uses to which bearings sold by this firm have 
been put, and opposite each name is given the number of 
firms using these bearings for the different purposes enumer- 
ated. Some bearings have been made of unusual dimensions, 
for very heavy duty. The Russian government has had 
several, to be used in a testing machine on a 10-inch shaft. 
These bearings are 14 inches long with 14-inch rollers and 
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balls there is so much friction at the ends of the rollers, when- 
ever there is any tendency toward an end thrust of the shaft, 
that the rollers and cage become twisted and do not remain 
in axial alignment with the shaft. It is evident that in 
some cases the rollers in rotating would bear against one end 
of the cage and tend to retard the rotation of that end; while 
the cage containing the free ends of the rollers would tend 
to forge ahead, producing the twisting action referred to. 1t 
has been found that the insertion of a ball at each end uf 
each roller prevents this. The balls constantly present new 
surfaces for the rollers to bear against, and as they are very 
smooth and hard they make excellent thrust bearings for the 
rollers. An additional advantage of this construction is that 
the balls prevent the cage from wearing out. 
* * *% 
POWER REQUIRED FOR LATHES USING HIGH-SPEED 
TOOLS. 

It has been quite fully demonstrated, we think, that ma- 
chine tools of the older types now in general use, especially 
lathes, are not capable of giving the maximum output possible 


List showing the Varied Uses to which Bearings made by the Standard Roller Bearing Company have heen put and the 
Number of Firms using them. 
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carry 400,000 pounds each, at 200 R. P. M. The United 
States government has recently tested a roller thrust bearing 
successfully under 80,000 pounds pressure and at 300 R. P. M. 
The outside diameter of this bearing was 22 inches. For very 
heavy work roller bearings are preferred to ball bearings. 
It has generally been assumed that roller thrust bearings 
should be designed with taper rollers or cones, So that a roller 
will be in perfect rolling contact at every point and operate 
without slipping. This company, however, have had good 
success with a thrust bearing having a disk or cage containing 
a large number of very short rollers arranged with their 
axes radial. While theoretically there would be a small 
amount of slip, practically with so short rollers this is 
negligible, and this type is recommended for nearly all pur- 
poses where a heavy thrust is to be taken. The most inter- 
esting application of these is for marine work in place of 
the usual horse-shoe thrust bearing almost universally used 
on steamships and yachts. Roller bearings of this construc- 
tion need no water jackets and but little oil. In one instance 
the saving of oil—which is a considerable factor—was reported 
as 85 per cent. Propeller shafts for vessels up to 5,000 tons 
displacement have been fitted with these bearings, with the 
result of an average increase in the speed of % knot per 
hour. In one case the saving of 11% knot per hour was 
reported. by the captain of the vessel. It is estimated that if 
an ocean liner should have as great an increase in speed 
through the application of roller thrust bearings as the 
smaller vessels have shown, the trip from New York to 
Southampton could be made in one-half day’s less time than 
at present. 

The standard type of cylindrical bearing adopted carries 
rollers in a cage in the usual manner, but each end of each 
roller is rounded and bears against a steel ball which is per- 
fectly free to turn, but is retained in place by the construc- 
tion of the cage. It has been found that without these steel 


with the high-speed steels that are now so rapidly coming 
into general use. Being designed for surface speeds of some- 
thing like 25 or 30 feet per minute, they have not the strength 
and rigidity that must accompany a tool cutting at a surface 
speed of, say, 60, 80 or perhaps more than 100 feet per minute. 
If the power required increased in direct proportion to the 
speed, the conditions would not be quite so severe on the 
older machines, but it does not. In a lecture delivered before 
the Keighley Technical Institute, Mr. John Miley said that the 
power required for a surface speed of 80 feet per minute— 
cut being 3-16 inch deep and feed 1-16 inch—was about 8 times 
that required with the same feed and cut at 20 feet per minute. 
He mentioned a test made with a 24-inch lathe driven by a 10 
horse power motor. This motor was found of insufficient 
power and a 26 horse power motor was substituted instead. 
The belt cone was driven at 1,000 turns per minute and at 
this speed it took no less than 61% horse power to drive the 
lathe, with the work between the centers, and the feed gear 
operating the saddle, but without the tool touching the work. 
It absorbed 13 horse power to do this work—that is to say, it 
took 614 horse power to drive the lathe empty at that speed, 
and 6144 horse power to remove this weight of cuttings, 5 
pounds per minute. When the cut was increased to 8% inch 
deep instead of 4% inch, it removed 7 pounds per minute, but 
required 20 horse power to drive it; thus 7 horse power extra 
was absorbed in removing an extra 2 pounds of cuttings per 
minute. From this it is evident that the power goes up more 
than in direct proportion to the weight of the cuttings re- 
moved. 

A bridge has been erected on the line of the Pacific Railway 
in Costa Rica to span the Rio Grande River. It is higher 
than any bridge in the United States, being 340 feet from 
the tops of the rails to the bed of the stream. The length of 
the structure is 685 feet and its total weight is 932.5 tons. 
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SHOP CONSTRUCTION.—’7. 


LIGHTING-ARRANGEMENT OF WINDOWS AND LAMPS. 
OSCAR E. PERRIGO. 


The heating and ventilation of our manufacturing buildings 
having been duly provided for in the last article, the next 
question of importance to be considered is that of lighting, 
which forms the subject of the present article. 

In considering the matter of lighting manufacturing build- 
ings we may properly divide the subject into two parts. The 
first of these relates to the utilization and management of the 
sunlight for our use during the daytime; and the second, to 
the artificial light which we must provide in the absence 
of sunlight and in the dark and obscure corners, of which 
there should be as few as possible in the modern shop. 

For properly lighting a shop during the daytime, many 
forms and proportions of windows have been devised, from 
those of small area and diminutive lights of glass, to those 
very high and narrow; those broad and low; those of large 
area placed far apart; those of much less area placed near 
together; those covering almost the entire wall with glass 
area; those placed vertical and those in an inclined position; 
those placed as skylights in the roof; and those placed in the 
ventilating space at the top, or ridge of the roof. Again, as 
to the kind and quality of glass used. Some prefer the ordi- 
nary plain glass, admitting a flood of light, regulating it 
by means of shades or curtains. Others use the same glass, 
“stippling”’ the surface with white lead paint to relieve the 
eyes of the glaring light. Again, ground glass is used. Still 
others prefer the rough cast or “cathedral” glass, as it is 
sometimes called. One inventor proposes to construct win- 
dows composed of a series of round rods of glass placed 
closely together, and states that one of its advantages is that 
if broken by a flying chip, or in any similar manner, only one 
or at most a few of the rods will be injured, and these may be 
easily and cheaply replaced. 

In reviewing these various methods of construction it may 
be said that broad and low windows in the side walls will 
iight the bench at the wall and perhaps one or two rows of 
machines, while the center of the room receives little or no 
illumination. This condition is sometimes sought to be rem- 
edied by the use of skylights in the roof. Windows placed tco 
high in the side walls will light the center of the room but 
leave the benches around the walls in the shadows of the 
high window sills. Therefore it is proper to so locate the 
window sill as to afford proper light at the bench vises ; then 
to continue the window well up to the ceiling in order that 
the whole room may receive, as nearly as may be, an equal 
quantity of light. The width of the windows and their dis- 
tance apart is a matter of great difference of opinion. Where 
the construction is of steel or wood they may be placed less 
than two feet apart, if it seems necessary to do this. Where 
brick walls are used the distance should generally be more, 
depending, of course, on the entire height of the wall. In 
our arrangement of the windows in the machine shop (as 
given in our article in the November, 1902, number), the size 
is, four feet wide and ten feet high. These figures are the 
dimensions of the inside of the sashes, therefore providing 
forty square feet of glass. This will make the opening in the 
wall nearly five feet wide, which, with bays of eighteen feet 
three inches centers—two windows to each bay—will give 
about four feet two inches of brickwork between the windows. 
This will give sufficient strength to the side walls, and will 
also provide quite enough light for all ordinary classes of 
machine shop work to be done in such a building. 

Skylights should not be used where they can be avoided, 
as they are a prolific source of leaky roofs, damage by acci- 
dental breakage, as well as numerous other difficulties, and 
even a light fall of snow quite destroys their lighting prop- 
erties. Windows in the ventilating portion of the roof are 
not only useful for lighting the central portion of the shop, 
but they conveniently act as ventilators when the sashes are 
hung on pivots and handled by cords. They may easily be so 
constructed as to avoid any trouble from leaking. 

As to the kind of glass to be used the plain glass is, of 
course, the cheapest. It must, however, be shaded by cur- 
tains, which can be readily run up and down; and these are 
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liable to get out of order and to require a continual expense 
to keep them in presentable and useful condition. The 
amount thus spent added to the cost of plain glass will soon 
pay for good ground glass which will need no curtains, and 
which, while rendering the light soft and agreeable to the 
eyes of the workmen, will also diffuse it over the area of the 
shop much better and more equally than the plain glass. At 
the same time none of the light is lost by interposed shades 
or curtains. As to “stippled” glass, the stipple is apt to crack 
and peal off, and will also absorb considerable dirt and grease, 
making it much more difficult to keep clean than clear or 
ground glass; and the repeated washings are apt to remove 
portions of the “stippling,” leaving a patched and unsightly 
effect. The rough or “cathedral” glass is more expensive, not 
as agreeable to the eyes, and considerably lessens the volume 
of light. Windows of glass rods do not seem to have peen 
sufficiently empioyed to demonstrate their usefulness. 

We have seen shops in which practically the whole side wall 
was a mass of glass, only the space for the posts supporting 
the roof and the frames containing the sashes being opaque. 
Such a prodigality of light does not seem necessary in prac- 
tice, and in fact it may be hurtful to the eyesight of the work- 
men, while the cost of construction and the continual cost of 
renewals and repairs of such a great quantity of glass will 
be a large initial expense as well as an important annual 
outlay. 

Let us now consider the question of artificial light. First, 
the usual time during which we must provide for artificially 
lighting up the buildings. Omitting the six usual holidays of 
the year and calculating on the basis of a ten-hour day, we 
have 3,060 working hours in a year’s work. If the working 
day begins at 7 A. M. and ends at 6 P. M., with one hour for 
dinner, we shall need artificial light, for the ordinarily wel! 
lighted shops, for about 460 hours out of the entire 3,060 work- 
ing hours of the year. This will include “lighting-up time” 
divided among the different months as follows: January, 102 
hours; February, 60 hours; March, 32 hours; May, 8 hours; 
June and July, none; August, 8 hours; September, 20 hours; 
October, 50 hours; November, 78 hours; and December, 102 
hours. To properly provide for sufficient lighting during 
these periods we musi select some one of the many systems in 
use, and the one which seems best adapted to the conditions 
of the case. Whatever may be the future development, either 
as to perfecting and simplifying its application, extending its 
sphere of usefulness, or reducing its cost, electricity at present 
stands at the head, when the question of a perfect light, or 
at least the most available one, is considered, for the illumina- 
tion of nearly all classes of large buildings, particularly such 
as are used for manufacturing purposes. Still there seem to 
be indications that there may be yet other systems of artificial! 
lighting which by development may become dangerous rivals 
of the popular systems of electric lighting—acetylene gas, 
for instance. This method is still in the infancy of its devel- 
opment and use, and there seem very few of the usual difticul- 
ties to be overcome excepting the danger of its explosion in 
the hands of inexperienced persons. This difficulty will prob- 
ably be overcome in time and the use of it be as safe, both to 
generate and to manage, as electricity. It is also true that 
the system of electric lighting has many fatal accidents 
charged against it. These may all have been due to improp- 
erly-constructed apparatus, the careless management of it, or 
the imperfect knowledge of its properties and action. The 
same may be said of acetylene gas. 

To provide an ample, proper, safe, and thorough syst®@m of 
illumination for buildings in which a large number of persons 
are obliged to labor for so many hours each year by its aid, 
would seem to be a matter that need not be argued or advo- 
cated. Yet there are many shops at the present time so con- 
structed that some kind of an artificial light is needed all 
through the day, and in some at nearly all seasons of the 
year, and this condition prevails over a considerable part of 
the working space. The result must necessarily be that both 
the quantity and the quality of the work done is below the 
standard while the health and the eyesight of the employees 
are both unnecessarily impaired, since sunlight and fresh air 
are two very important elements necessary to the health, 
activity and usefulness of the human family. Ofttimes the 
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evil results from a lack of consideration or appreciation of 
these necessities, and sometimes perhaps from a false idea 
of economy on the part of those having charge of such mat- 
ters, which has led them to provide very indifferent substitutes 
for sunlight, or, in its absence, a proper artificial light. For 
it is true, “and pity ’tis, ’tis true,” that in some shops, even 
in this enlightened age, many hours’ work is done by the 
smoky glimmer of dirty oil lamps, these relics of a bygone 
age, since they are not many steps in advance of the vessels 
of oil with their fibrous wicks resting against one side, used 
in the days of Abraham, 1920 B. C. Although the common 
use of petroleum oils in various degrees of refining have revo- 
lutionized the old-time lamp, and the simplifying of the pro- 
cesses for generating and purifying illuminating gas have 
produced two very useful illuminants within the reach of 
nearly everyone, they will probably never regain the posi- 
tion which they lost when the practical utility of electric 
lighting became a recognized fact. 

The one great drawback to all artificial means of illumina- 
tion is that to produce light we must generate heat; and 
hence, however we produce light, whether by the combustion 
of oil or gas, or by the generation of an electric current, to 
form a brilliant arc, or a glowing incandescence, we must 
necessarily waste a large percentage of energy in producing 
heat which we do not want and which is often a very serious 
objection. We shall therefore not have the perfect light until 
we have been able to produce the illumination we desire with- 
out generating heat. Whether we shall ever realize that 
much-sought condition is a question for future development 
and invention to demonstrate. 

In the application of the electric light in manutacturing 
operations we have the choice of the are lamp and the incan- 
descent lamp. Both have their objections as well as their 
merits. The arc lamp, being much more powerful and pro- 
jecting its rays a much greater distance than the incandes- 
cent lamp, is well adapted to illuminating large areas, where 
there are comparatively few obstructions. In confined situa- 
tions, or where there are many obstructions it produces dis: 
agreeable shadows, and its glaring brilliancy is hurtful to the 
eyesight of the workmen. Translucent globes or shades may 
be used, of course, put these devices necessarily reduce the 
illuminating power of the lamp. Again the are lamp is not 
readily moved from place to place, even short distances, so 
that the workmen must often stand literally “in his own 
light.” 

The incandescent lamp gives a much softer and more agree- 
able light to the eyes of the workmen, who may work many 
hours by its aid with less discomfort than by almost any other 
light. It is also much more portable than the are lamp, since 
it may be provided with flexible conducting cords of any con- 
venient length, and hung up or held in the hand in the most 
desirable positions. Still another convenience of the incan- 
descent lamp is that of being able to locate a permanent mag- 
net in the base of it, by which means the lamp is retained in 
any desired position by simply placing it against any iron or 
steel surface. This is a matter of great convenience when 
working in dark corners or making repairs under machines, 
where the usual fixed lights are of little use and where ordi- 
nary incandescent lamps must be held in the hand; and also 
in awkward positions such as are frequently found during the 
work of erecting heavy machinery or repairing it. These 
convenient characteristics of the incandescent lamp render it 
valuable for practical use in the machine shop. It may be 
readily placed in confined situations where an arc light could 
not, and it may be used much nearer the eyes of the workman 
without injury. 

It would therefore seem wise, in devising a system of artifi- 
cial lighting, to avail ourselves of the advantages offered by 
both the are and the incandescent lamps, each in the places 
where their special merits can be made use of. Both types of 
lamps may be operated by the current from one dynamo, by 
the use of proper transformers, but it will usually be found 
more practical to put in a dynamo specially designed for each 
system. Ample space has been provided in the engine room 
for dynamos for this purpose, as well as for furnishing the 
necessary current for operating the traveling crane in the 
machine shop and the power required in the foundry. 
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In the machine shop the clear space needed for the traveling 
crane precludes the suspending of arc lamps through this 
central portion, but they may be placed between and a little 
inside of the line of the columns. They should be about 50 
feet apart, which would require 14 lamps on the main floor. 
In addition to these a sufficient number of incandescent lamps 
should be provided to accommodate the individual needs of the 
men operating machines, wherever such additional illumina- 
tion is necessary from the location of the machines and the 
character of the work. They should also be provided at the 
small tool-distributing room and in the foremen’s offices, and 
a number should also be hung upon the columns, having sufii- 
cient length of conductor cord attached to them so that they 
may be used in erecting machines in the central space. 

From the character of the machines employed and the work 
done in the galleries the incandescent lamp will be the most 
suitable. There should be at least one to each machine and 
in the case of long lathes one to every ten or twelve feet of 
bed. A lamp should also be hung at the head of each stair- 
way. 

The large open space of the foundry may well be provided 
with are lamps, four of which will be sufficient, supplemented 
by a few incandescent lamps with long cords hung on the 
columns, for use in deep molds and similar places left in 
darkness by the arec-light shadows. The chipping and pickling 
room will require one are lamp and several incandescent 
lamps, all provided with wire nettings for protecting them 
from flying chips. The core room, wash room, foreman’s office, 
water closets, the space under the cupola platform, etc., will 
require incandescent lamps. 

The forge shop will be best served by two are lights in the 
main part, and by incandescent lamps in the foreman’s office, 
wash rooms, water closets and perhaps in the bar stock 
storage space. One are lamp in the storehouse and one in 
the carpenter shop, with perhaps two or three incandescent 
lamps in the latter, will be sufficient. 

The boiler rcom will require an are lamp hung over the 
tram track so as to fully illuminate the boiler fronts, and 
two or three incandescent lamps convenient to the space in 
the rear of the boilers and in similar places. The same num- 
ber and kind of lamps will answer for the engine room. The 
adjoining wash rooms and water closets should be provided 
with incandescent lamps, say four in each of the former and 
three in each of the latter. 

An arc lamp erected on a pole 20 feet high should be located 
in the yard between the foundry and the power house and 
about 35 feet from the machine shop. A similar one should 
be placed in the center of the space between the storage sheds, 
carpenter shop, power house and the forge shop. These will 
greatly facilitate yard work near the close of the short winter 
days. 

The entire front building, including the offices, tool rooms, 
pattern shop, pattern storage loft, drawing room, etc., should 
be lighted by incandescent lamps, those in each room being 
arranged to suit the peculiar conditions in each case, as to the 
kind of shades and reflectors employed. 

To equip the entire plant as described above will require, 
say 27 arc lamps and 267 incandescent Jamps, the latter num- 
ber being somewhat lessened or considerably increased ac- 
cording to the character of the machinery to be manufactured, 
as whatever change in this respect is made would most likely 
affect the incandescent lamps and possibly the are lamps as 
well. 

In providing for the amount of current necessary to supply 
this system of lighting we should make allowance for any 
possible increase that may be called for by unforeseen cir- 
cumstances, or by a change in the products of the concern, 
and it would usually be safe to add for this purpose at least 
ten per cent. 

The power necessary to run the dynamos with the added 
ten per cent. will be about 30 horse power for the are lamps 
and 20 horse power for the incandescent lamps, or a total of 
say 50 horse power to be provided for, in calculating the 
capacity of the proposed engines. 

By referring to the general plan drawing published in this 
series in the October, 1902, number, the arrangement of the 
lamps as herein described may be readily understood. 
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PISTONS AND PACKING RINGS.—8. 


J. H. DUNBAR. 


A friend has called my attention to an unintended omission 
in the first of these letters, of his favorite, the Corliss piston. 
While it is out of the question to show all the various pistons 
made, it was an oversight to neglect one so popular as the 
Corliss. Figs. 1 and 2 show my friend’s preference of pistons. 

The Corliss piston as I have seen it made, consists of a spi- 
de, follower, a T-bullring and what is practically a single pack- 
ing ring, together with the necessary studs and setscrews. 
Fig. 1 is an end view of the top part of the piston as it would 
look if the follower was removed, and the T-ring faced off 
flush with its groove for the packing ring. Fig. 2 is a verti- 
cal section through the center of that part of the head shown 
Ane biel: 
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Fig. 1. Fig. 2. 


The follower and spider form a groove in which to grip 
the stem of the T-ring, which can be adjusted to keep the 
spider in the center of the cylinder by the setscrews striking 
the hub b on the ring. The T-ring, besides having a groove 
for the packing ring has radial holes drilled down to the 
hubs to receive a helical spring made of German silver, and 
the stem of a cover piece, marked e. Two packing rings are 
made and cut into eight sections usually, then riveted to- 
gether so they will break joints when they are placed in 
the groove; the cover piece fits under these joints and stops 
any leak that would otherwise be there. They also set the 
packing ring out to the cylinder and keep it from revolving 
in the groove. The small holes marked a are drilled through 
one end of the T-ring and through the packing ring at its 
joints. Wires in these holes hold the packing ring in the 
groove while the piston is put in or taken out of the cylinder. 
If the ring is considerably worn the wires cannot be used 
in taking the piston out. A piece of sheet iron should be put 
in the counterbore to keep the ring from springing into the 
port as the piston is taken out of the cylinder. 

My recollection of these pistons is that they were hard on 
the bottom of the cylinders. There was a generous amount 
of wearing surface on either side of the packing ring and the 
steam load on top of the T-ring should have held it to the 
bottom of the cylinder, to some extent at least, in proportion 
to the area of contact and the steam pressure; thus producing 
an unnecessary amount of friction and consequent wear. 
This piston may be very much simplified by making it in one 
piece, and while there would be no means for vertical ad- 
justment to compensate for wear there are no parts to get 
loose, and first cost is reduced. Again an engineer cannot 
“monkey” with it, and with the vibrating rod-packing there 
is not the necessity for exact piston adjustment there used to 
be. The packing ring, per se, is an excellent one. It has 
plenty of radial stock to wear away before a new one is re- 
quired on that account, and it is an important thing to leave 
two wearing surfaces, when they get properly “skinned,” alone 
as long as they can be. Its radial depth minimizes groove 
wear and also steam leakage around the ring. From a stand- 
point of intrinsic worth, based on its chances for long life 
and effectiveness, it certainly heads the list. The Corliss 
piston and packing ring do not seem to be well mated. The 
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efficiency of the ring is handicapped by the anti-efficiency of 
the head. 

There is no rule that I have seen by which to determine the 
size to make the piston head. Of course it must be some 
smaller than the cylinder, even if both are the same tempera- 
ture. If pistons are made 1-64-inch to the foot smaller than 
the cylinder it will allow the piston to get 200 degrees F. 
hotter than the cylinder without sticking. I cannot think of 
any condition calling for a greater allowance for difference 
in the two diameters. 

There is another piston, quite different from any that I 
have spoken of, which has done excellent service, and was 
popular forty years ago. “Three-ring packing” is the only 
name I knew it by, and I take it that the reader is more 
interested in the detail itself than in the history of it. 
There are lots of pistons made now with three or more rings 
in them, but the piston to be described is in a class by itself, 
and represents the practice of, say fifty years ago. It is 
shown in Figs. 3, 4 and 5. It consists of two outside pack- 
ing rings and one inside, which is as wide as both outside 
ones, a spider, follower plate, bolts, setserews and elliptical 
springs. Fig. 3 is an end view of the piston with the follower 
taken off. Fig. 4 is a vertical section through the center of 
the piston, after the follower has been replaced. Fig. 5 is 
a plan view of the rings showing how they are cut and 
doweled to keep them in that relative position. 

The packing rings were turned the size of the cylinder, or 
if there was any difference, slightly larger. The elasticity of 
the elliptical springs s, s, s, s, s, s, were depended on to keep 
them set out to the cylinder to compensate for wear. In the 
larger sizes a bar was cast across from bolt boss to bolt boss, 
which made the spider much stronger than it would be with- 
out them, and also came handy to support the setscrews. For 
the smaller pistons, these bars were omitted and setscrews 
with T-heads were used, which were fitted in a slot in the hub 
of the spider. Both styles are shown in Fig. 3. The spiders 
that were bored, tapered and keyed to the rod seldom came 
loose, but they were the exception. The pistons I refer to 
were used in engines driving saw mills in the timber dis- 
tricts of Ohio and Indiana. 

The engines were with few exceptions, between 7 and 14 
inches in diameter, and generally short stroke, say 8x10 inches. 
The small engines were direct connected, that is, the engine 
crank was on one end of the shaft, and about a 66-inch cir- 
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Figs. 3, 4 and 5. 


cular saw on the other end. These would now be called 
“unit” mills. The others were belted from a pulley on the 
engine shaft to a smaller one on the saw mandrel. The unit 
mills had the preference, because they could be moved in the 
woods easier than the other kind, and in either case it was 
easier to move the mill than the woods. The mills were run 
only in the winter, or rather, when farm-work could not be 
profitably done; hence a mill crew was liable to get scattered 
during the summer, and it was not unusual to make an en- 
gineer out of a boy who the winter before had worked at 
logging. This way of making engineers was a good thing 
for machinists sometimes. I will, with the editor’s permis- 
sion, keep on digressing, and relate an instance. 

My boss sent me out to fix up a mill where the only trouble 
was that they could not keep up steam. This might be 
caused by wet slabs and saw dust, a hole through the side of 
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the chimney, a very dirty boiler or flues, or rain falling on 
the exposed boiler. Then the conditions of the engine or mill 
might be factors in the problem to be considered. To some 
it might not be thought fun to ride seven or eight miles in 
a wilderness on a log wagon, drawn by a yoke of oxen, and 
most of the way over a new road which was sixty-nine per 
cent. stumps, the balance corduroy. I did not enjoy the 
prospect myself, and the boss, quick to guess that I had a 
kick coming, side-tracked it by saying that it would be some 
easy job; it would be a change and give me an opportunity 
to exercise my ingenuity and skill, etc., but the taffy that 
stuck was that I should get a dollar a day extra while I 
was gone. 

When we got close to the mill, I thought that I had located 
the trouble, judging by the sound which came from the top 
of the exhaust pipe, which was more of a roar than a lively 
succession of puffs, as it should be. The first thing done was 
to stop the engine in a position when the slide valve would 
cover both steam ports. Then the throttle was opened, but 
no steam was seen to escape from the exhaust pipe, showing 
the valve to be O. K. The piston was next tested by shutting 
off the steam, turning the engine on the quarter and hooking 
a tooth of the saw over a crowbar placed on top of the saw 
guide to hold the engine in that position, then opening the 
throttle again. It was not necessary to go out to look if the 
steam was escaping; it could be heard blowing through, or 
past the piston. I had expected then that a spring bolt had 
got free and pounded a hole through the spider and follower, 
as was sometimes the case, and let the steam blow through 
the holes. I was mistaken, however, and most happily so 
too, for in that case it would have necessitated another trip, 
which was barely to be thought of in my shaken-up condition. 
The trouble was caused by the jam-nuts working loose and 
letting the packing rings down. It was but a short job to 
re-set the rings and make the several parts of the piston as 
secure as possible. 

A search for further trouble resulted in not finding any; 
then the mill was started and went off just as though nothing 
had happened. Right here IT want to say that it was a 
standing order in that shop that the first thing a man must 
do after shutting an engine down was to make a personal 
inspection of the safety valves, and I believe it a duty every 
one who is called to work at isolated steam plants should 
perform. Of course this is unnecessary where competent 
engineers are employed. 

About three weeks later I was sent to this same mill to 
remedy the same trouble as before, with this positive in- 
junction, “to set that packing out so it would stay set.” No 
taffy this time; just plain, every-day business. When I got 
there I learned that the “engineer,” in hopes to stop the leak at 
the top of the exhaust pipe when the engine was running, had 
set the packing out every night as soon as the mill was 
closed. He was evidently acting on the general principle that 
if a little set was of such great good more of it would 
be better. Up to this time there was a question in my mind 
as to whether I ought to return the extra dollar which I had 
received for the first trip. Well, the information which I 
have just related as to the cause of this trouble put a quietus 
on that doubt, and gave assurance that my time put in on 
this trip would be at the same rate of pay as on the former 
one. 

On removal of the follower I found but little left of the out- 
side rings, and that the dowel pin in the inside ring had 
scored a groove in the top of the cylinder which one could 
lay a finger in. We got the cylinder off the pbed-plate that 
night and loaded on the wagon ready for an early start for 
the shop in the morning, where the trouble was remedied by 
boring the cylinder and making a new piston complete. In- 
cidentally, I remarked to my foreman, after explaining to 


him how it happened, “that I hoped he would succeed in 


making the new set of packing so it would hold together 
longer than three weeks.” He replied that he would do his 
best to make the new rings “fool proof,” and he succeeded to 
an extent much greater than he had expected. He made the 
outside rings as before, but the inside one he had made 
enough larger to set the outside ones out to the cylinder, and 
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also had it made eccentric, so its pressure would be more 
uniform on the other rings. Two springs and their setscrews 
were used at the bottom to raise the head with, as the rings 
wore down. The others were left out, making a piston of 
fewer pieces and practically as good. 

As a moral, I want to say that just because a young fellow 
makes a big mistake at the start, it is no proof that he is 
going to keep at it all his life. That all depends on the kind 
of stuff he is made of. The boy in question not only learned 
how to make a success of running an engine, but also lathes, 
planers, etc., and then became a mechanical engineer. 


* * * 


STRENGTH OF COUNTERSHAFTS. 


FRANK B. KLEINHANS. 


There is scarcely a shop in existence which has not had 
a more or less serious accident from a countershaft some 
time in its history. It may have been caused by a heavy 
pulley running very much out of balance, or the shaft may 
have been bent in the beginning. Possibly the shaft was 
too light, or too long between hangers. The latter is re- 
sponsible for most of the trouble, and is the one with which 
this discussion is principally concerned. 

There are two methods in vogue for turning cones and 
pulleys; one is to set the rough casting to run true on the 
inside, and the other on the outside. This latter method 
makes a cheaper and an easier job, but when turned it re- 
quires an enormous amount of metal to balance it. And here 
is the source of considerable trouble. You may balance a 
large cone perfectly on straight edges, but that is a standing 
balance only; and when the cone is put in place and speeded 
up to several hundred revolutions per minute, it shakes, and 
shows that it is decidedly out of balance. The trouble is you 
have not placed the balance weight directly opposite, or in 
the plane of the heavy portion of the cone. The result is 
that neither weight, when rotating, has its counterweight 
pulling in the same line, and of course the pulley is sure to 
be out of balance. All cones and all other pulleys which have 
a wide face should be set to run true on the inside before 
turning. 

A certain countershaft failed because it had been welded 
near the center. The weld twisted and bent open, and some 
one was badly injured by the fall. A weld in machine steel 
is so very uncertain that it should never be trusted for such 
a purpose. The extra expense of a new shaft would not 
warrant the hazard of such a risk. 

Another countershaft failed in what was, at the time, consid- 
ered a mysterious manner, as the shaft was strong enough to 
resist either bending or torsion. The trouble was that shaft 
was that it had too much spring. The countershaft was 
loaded with several heavy pulleys, and the irregular pull of 
the belt set the shaft to vibrating. Each little impulse was 
added to the other, and this being increased by the momentum 
of the moving mass of the pulleys, finally caused the shaft 
to fail. 

In the calculation which follows the spring of the shaft 
is limited to .06 of an inch. There are plenty of counter 
shafts which have been running for years with about this 
much spring. Now, from the general formula for the de- 
flection of a simple beam, we have: 


W L* 


The deflection, or spring = 
48 HI 
In which W =the load at the center in pounds. 
L—the length between center of hangers in inches. 
E—the coefficient of elasticity = 29,000,000. 
I—the moment of inertia of the cross-section of 
the shaft. 
For a round shaft, 


a A* 
See Oana O.0-c (1) 
64 
In which d — the diameter of the shaft in inches. 
We then have: 
W L3 
=a maton rr ocrnat ee id COC (2) 
48 HI 
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From 1 and 2, 
64 W L3 


48 Er dt 
°7.06 X48 Er a 


64 W 
ss xX 48 X 29,000,000 x7 


= .06 


ae 
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a A/ 4,100,000 a EE eee (A) 
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uw y 
24 DIA. X 6 BELT 
TOTAL WEIGHT OF B, C AND D =110 BELT 


iz uy 
24 DIA. X 6 BELT 
WEIGHT = 30 
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Fig. 1 shows a countershaft which is in actual service and 
which we know is all right. A and B are keyed to the shaft. 
C and D are loose pulleys arranged for open and cross belts. 

A weighs 30 pounds, and B, CO and D weigh 110 pounds. 
The belts run as shown in the figure. If A weighs 30 pounds 
and the centers of the hangers are 54 inches, then by taking 
the left hand hanger as the center of moment, we have 
30 X 12 = x X 27, when @ is the weight at the center. 
Solving we find 


In the same way, by taking the right hand hanger for the 
center moment, we find that 
110 x 18 
x, = ——-—— = 73 
27 
As to the belt pull, it is possible for a single belt to run up 
to 70 pounds per inch of width of belt, and a double belt 
can be taken at 100 pounds. As a double belt is used in this 
case, and as the slack side of the belt is very loose when the 
tight side is pulling its maximum, we will take the pull at 
the pulley, = 6 X 100 = 600 pounds, and getting this in 
terms of a load at the center, we have 
600 x 12 
2, = —~— 
27 
the downward pull is 13 + 73 + 266 = 352. 


W 4 
30 DIA. X 234 BELT 


. WEIGHT =40 
= ” yy 
TO DING 278 BELT 14 DIA. X 5 BELT 
EICH oes WEIGHT = 95 
_ 
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Fig. 2. 


The pull at the pulley B will be 6 & 100 =600, and by trans- 
ferring this to the center we have 


600 x 18 
—-— = 400 
27 
The resultant of these two forces will be the diagonal of 
the force diagram, and is equal to 530 pounds, which is equal 
to W in the formula. Introducing these terms in equation 
(A) we have 


(2.44)4 
530 


8 
L= \/ 4,100,000 
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and by solving we find L = 65, which means that for this 
condition of loading the countershaft would be safe with the 
hangers 65 inches apart. 

Fig. 2 represents another countershaft taken from actual 
service. It is belted as shown on the left hand view, and is 
running all right, although it looks rather flimsy and one 
would consider it unsafe. Taking the moments of the weights 
of the pulleys and belt pull about the right and left hand 
supports, and finding the equivalent pull at the center, we 
obtain: 


Weight at center due to pulleys = 148 
Pull on 30-inch pulley, 2% * 100= 250 
250 x 80 
Pull on 15-inch pulley, 2% x 100= —— = 208 
36 
Total. downward pull = 606 
Pull on 14-inch belt, 5 & 100 upward pull = 500 
Resultant downward pull= 106 


Introducing this value of W in equation’ (A) we have, 


(1.75)! 


te 
106 
This is practically the distance at which it is running, but 
it shows that it is the greatest distance apart at which 
it would be safe to place the hangers. If the belts ran as 
shown in the right hand side of Fig. 2, we would then have: 


3 
a \/ 4,100,000 


Weight due to pulleys (as before)—= 148: 
Pull on 30-inch pulley = 250° 
Pull on 15-inch pulley = 208 
Total downward pull= 606 
Horizontal pull on 14-inch pulley, 5 * 100 = 500) 


30 DIA. X 6 BELT 
WEIGH? OF CONE=224 


28'DIA. X 6 BELT 
WEIGHT =337 
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Fig. 3. 


From these two forces we find a resultant of W — 785. 
Substituting this in (A) and solving as before, we find L — Yl 
which is the greatest safe distance between hangers for this. 
condition of loading. 

There are cases where one must have an extra long shaft in 
order to work in the pulleys, cones, etc., as shown in Fig. 3. 
Here the downward loads amount to 820 pounds, and the 
pull at right angles amounts to 360 pounds. The resultant, 
895 pounds = W. 

Introducing in the formula we have 


3 
(2.44)4 
L= / 4,100,000 — = 
895 


This means that for this condition of loading, the center 
should not exceed 55 inches, and since in this particular case 
it could not be made as small as this, the pulleys should be 
arranged to accommodate a third hanger. 

In every case, therefore, where the centers are so far apart 
as formula (A) would indicate to be unsafe, a third hanger 
should be used. If all the flimsy countershafts had a third 
hanger added to them there is no doubt but that the number 
of accidents would be greatly diminished. In the above cal- 
culation the weight of the countershaft has not been con- 
sidered, as it is usually very small. If the belts run at any 
other angle than that shown, the construction is made in 
exactly the same way, using the required angle instead of a 
right angle, the resultant of the two forces being used as W 
in the formula. 


55 


404 MACHINERY. 


NOTES FROM MANCHESTER, ENGLAND. 


Editor MACHINERY: 

Some account of events and developments during the past 
year in the Manchester (England) district may be in order. 

An interesting item was the inauguration of the Manchester 
Municipal School of Technology, by Mr. Balfour, the British 
Prime Minister. This institution is splendidly equipped in 
every department, and is considered one of, if not the best, in 
Europe. Mr. Reynolds, the principal, is, however, much 
troubled at the fact that British employers have not yet accus- 
tomed themselves to the idea of utilizing the services of the 
graduates by placing them in such probationary posts as will 
admit of their adding the concrete training of the works to the 
more or less abstract—though desirable—training provided by 
the school. However, there are signs of a change for the bet- 
ter in this respect, the President of the Manchester Association 
of Engineers, in his inaugural address having recently pleaded 
for more patience with the shortcomings of the college stu- 
dents, in consideration of their potential value; and some 
employers, at least, are considering how this particular class 
of ability can best be availed of. 

A valuable addition to the defensive forces of the country— 
judging by the fine record of the Crewe, electrical and other 
volunteer engineers in the recent war in South Africa—takes 
the form of a volunteer engineer battalion raised in the Man- 
chester district—the School of Technology having been promi- 
nent in raising recruits and being about 500 strong. Very in- 
structive training in the way of military bridge building and 
other field work has been imparted during the summer months, 
and it is hoped to raise an additional company from the staff 
and workmen of the British Westinghouse Co., whose works 
are now getting fairly into swing. 

One immediate effect of the establishment of this concern is 
to cause the services of efficient toolmakers to be at a pre 
mium. All the better. In conjunction with the engineering 
department of the local School of Technology, the Council of 
the Manchester Association of Engineers are conducting a se- 
ries of experiments, with a view to ascertaining more definitely 


than is the case at present, the relative merits of the new high-: 


speed cutting tool steels, as compared with the general run of 
crucible cast tool steels. A specially powerful lathe has been 
lent for the experiments by Messrs. Armstrong, Whitworth & 
Co., and the results of the trials will be published in the trans- 
actions of the Association. 

The new Education Act, which comes into force very shortly 
is a decided step in advance in many ways. It provides for 
more efficient staffing and supervision of primary and secondary 
schools; and the manner in which the municipal and other 
local governing bodies are setting to work by appointing com- 
mittees to carry out the Act, representative of scholastic, ad- 
ministrative, and industrial experience, augurs well for the 
educational equipment of our future workmen and industrial 
directors. 

A visit, which has, no doubt, attracted attention in America 
has been taken part in by representatives of a number of Brit- 
ish trade unions. Mr. Alfred Moseley, a London merchant, 
offered to bear the expense of a visit to the principal indus- 
trial centers in the States, the idea being to provide an op- 
portunity of comparing the manufacturing methods and labor 
conditions of the two countries. Reports from the delegates 
are just appearing, and though credit is given for many valu- 
-able American features, it is not considered, on the whole, that 
the American worker is really better off than his British 
compeer. According to the Cotton Trade representatives, cot- 


ton mills in the southern states are reproducing many of the-- 


most objectionable features of the first period of factory life in 
England—that of child labor. Alabama and Georgia are par- 
ticularly reprehensible in this connection. 

The Northrop loom, as manufactured by the Draper Co., of 
Hopedale, Mass., was the subject of special investigation, and 
though it is considered that little would be gained in Lanca- 
shire by its sudden adoption, it is recognized that looms built 
on analogous lines, and worked on a somewhat identical system 
will probably need to be gradually introduced, and modified to 
suit local conditions and markets. Mr. T. M. Young, who 
recently contributed a series of interesting articles on the 
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American cotton industry to the Manchester Guardian, reported 
a case where makers of automatic looms executed an order for 
1,000 machines, taking the non-automatics in exchange. It was 
pointed out as an economic curiosity, that whereas the early 
cotton operatives smashed newly-invented machinery to prevent 
its displacing the old, the old looms in this case were smashed 
before leaving the mill, by the makers of the new, so that they 
might never come into competition with their own make. 

Touching on conditions in engineering workshops, and daily 
life, in the States, Mr. M. Arrandale, secretary of the United 
Machine Workers—planing, drilling, milling, etec., machine 
operators—reports as follows: 

The American worker receives much higher wages than we 
do in this country, but, on the other hand, the necessities of life 
cost much more; house rent and railway traveling are much 
dearer; food in many cases is also much dearer; more money 
is spent by the American worker in amusements, and domestic 
life altogether is not nearly so comfortable as in this country. 
Referring to works visited in one city, Mr. Arrandale declares 
they were carried on “under about the worst conditions that 
men could be found to live in, if living it could be called. I 
found traveling cranes running from end to end of the 
place, in some cases carrying enormous weights, not always 
slung in the safest manner. It is no uncommon occurrence 
for half a dozen men to be injured or killed by the weights 
falling, almost every day.’ Again, “some employers in the 
States seem to value their machinery a great deal more than 
their work people. I also found through the whole of the 
country that there is not the slightest regard for life or limb. 
The human being is often looked upon as of no value and to 
be more easily replaced than the machinery.” He sums up as 
follows: “The lot of the worker in this country is equal to, if 
not better, than in America. 

Recent additions to the engine and machinery manufacturing 
facilities of this district include large extensions to the works 
of Mather & Platt; Armstrong, Whitworth & Co., etc.; while 
Trafford Park has received additions in the shape of the new 
branch works of Messrs. Royce, Ltd., electrical engineers. 

Large orders for locomotives have been received by Messrs. 
Beyer, Peacock & Co., Ltd., and on the whole there appears 
good reason for believing that the Manchester district will long 
remain the center of an important and far-reaching engineering 
industry. JAMES VOSE. 


Manchester, Eng 
* * * 


THE INFLUENCE OF COST ON MACHINE DESIGN. 

The Mechanical World, in commenting on engineering text- 
books, ancient and modern, says that there are a few good 
books on the steam engine and its design, but intimates that 
not one of them indicates the comparative cost and time of 
production of the component parts, or the comparative cost 
of different types of engines of the same power. The same 
fault exists in the teaching of the technical schools. The 
belief is expressed that not one student in a hundred has any 
notion beyond a mere guess of the comparative cost of the 
different parts on which he devotes so much study. Neither 
is he in a position to estimate, say, whether a reduction of 
one-half inch in diameter of an engine crankshaft would allow 
the use of nickel steel in place of mild steel without increased 
cost, nor does he know whether the valve gear is worth five, 
ten or twenty times the same weight of bedplate metal. The 
writer believes that while it is undoubtedly unpractical to 
make estimates of the actual commercial costs of engines or 
other examples of machine design, in engineering schools and 
text-books, it is possible to give the students an idea of the 
relative costs of the component parts of any machine. Armed 
with this knowledge the young engineer is better equipped to 
calculate costs in actual engineering work since he may to a 
certain extent use his theoretical costs and multiply them by 
such coefficients as the conditions of labor and material cost 
may seem to indicate. It is pointed out that the question 
of cost alone, has a vital influence on machine design itself, 
aside from theoretical considerations. For instance, the young 
student designer should be in a position to know whether, say, 
a complicated steel piece that requires considerable machine 
work will not be more expensive and no better than a sim- 
pler and heavier cast-iron piece, ete. 


April, 1903. 
NOTES ON POWER AND TRANSMISSION. 


In an address before the Washington meeting of the As- 
sociation for the Advancement of Science, held in mid- 
winter, Prof.. J. J. Flather reviewed some of the im- 
portant features of recent progress in the field of power and 
transmission, taking up electrical development, gas power 
and compressed air. The following notes on electrical trans- 
mission and gas engine practice are abstracted from the 
address: 

The labor cost in machine shops is so much greater than 
the cost of power that any expedient by which the former 
may be appreciably reduced is justified, even though the effi- 
ciency of the agent itself is low. While the efficiency of 
electrical transmission is not the essential, so essential is the 
efficiency of the tool in turning out work, comparative figures 
upon cost of transmission are not without interest. Prof. 
Flather says: The percentage of loss due to shaft fric- 
tion in railroad and other shops where buildings are more or 
less scattered may be 75 per cent. of the total power used. 
In two cases known to the writer, these losses were 80 and 
93 per cent. respectively, and in the ordinary machine shop 
they will probably average from 40 to 50 per cent. In view 
of these losses there is a general tendency towards hollow 
and lighter shafting, higher speeds and lighter pulleys, roller 
bearings in shaft hangers, and the total or partial elimina- 
tion of the shafting, through the use of electric motors, either 
for independent or group driving. is 

A modern shop generator belted from an engine will have 
an efficiency of about 90 per cent. when working under favor- 
able conditions, but as the average load is ordinarily not 
more than two-thirds full load, and often much less, the effi- 
ciency will not usually be more than 85 per cent. Since the 
engine friction was included in the figures above, so also 


it should be considered here, in which case the efficiency’ 
of generation will lie between 75 and 80 per cent. With a. 


three-wire 220 volt system, which is very suitable for ordi- 
hary shop transmission when both light and power are to 
be taken off the same dynamo, the loss in transmission need 
not be more than 5 per cent., so that the efficiency at the 
motor terminals will not be far from 75 per cent, With 
motors running under a nearly constant full load the effi- 
ciency of motor may be 90 per cent.; but with fluctuating 
loads this may fall to 60 per cent. at quarter load. 

Where cheap fuel is available it is found in most cases 
that electric power can be generated at the works more 
cheaply than it can be purchased from a central station; 
especially is this the case if the exhaust steam be used for 
heating purposes. In isolated plants the cost of transmis- 
sion is very small as compared with the total cost of genera- 
tion; whereas in the average central station the cost of 
transmission, which includes interest and depreciation on 
pole line, usually constitutes a large percentage of the operat- 
ing cost. In those localities where the cost of fuel is high 
electric. power can often be purchased more eheaply from 
a central station which obtains its power many miles dis- 
tant and transmits it electrically to a convenient distributing 
center, where it is used for power and light. The possibility 
of electrical transmission thus permits of the utilization of 
available sources of power at great distances from the center 
of distribution; but while it is interesting to know that a 
certain amount of power may be transmitted a given dis- 
tance with.a high degree of efficiency, it is more important 
to know whether the same amount of power could be ob- 
tained at the objective point more economically by other 
means. 

PRESENT STATUS OF GAS ENGINE PRACTICE. 

The gas engine, in large and small sizes, has reached a 
point where it can fairly rival the steam engine in reliability 
and satisfactory running qualities. In point of fuel economy 
a gas engine of moderate size is on a parity with the largest 
triple expansion steam engines and it will give a horse power 
on one pound or less of coal. But the price of gas is so 
high in this country that the gas engine has been used more 
on account of its convenience and saving of labor than be- 
cause of its high efficiency. It is true that natural gas is 
cheap, but it is equally true that natural gas is not generally 
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available. Fortunately the manufacture of producer gas has 
reached a high state of development. The leanness of pro- 
ducer gas renders it less effective per cubic foot of gas, as 
compared with the richer coal gas, or even water gas, but this 
difference is more than compensated for by the low cost otf 
production. It is upon such power gas that the commercial 
future of the gas engine as a general motor depends. 

The producers are very simple in operation and furnish a 
convenient and economical means of obtaining power at a 
much lower rate than with the ordinary city lighting gas. 
Generally small anthracite coal or coke is used, but several 
methods employ bituminous coal, lignites, or wood. With bi: 
tuminous coal, means must be provided for removing the 
tar and ammonia, and other products of distillation. 

The gas engine industry received a signal impetus: when 
it was discovered that blast furnace gases could be readily 
utilized direct in combustion engines without the interven- 
tion of boilers and without any special purifying processes. 
A still more important circumstance is the fact shown by 
Prof. Hubert, of the Liege School of Mines, that the superior 
economy of the gas engine enables equal power to be ob- 
tained with 20 per cent. less consumption of furnace gas than 
was formerly used in the generation of steam. 

The successful employment of large combustion engines in 
this way utilizes vast sources of power which a few years 
ago were allowed to go to waste or at most were used very 
inefficiently. 

The high thermal efficiency of the gas engine has long 
been recognized, and the possibility of further development. 
is a promising factor in this field. 

Efficiencies of 30 per cent. or more have been obtained with 
blast furnace gases which contain a very small percentage 
of hydrogen, and this, -with the high rates of compression 
which can be carried, has led to the advocacy of non-hydro- 
genous mixtures in large engines. Certainly very high rates 
of compression may be had with a non-hydrogenous producer 
gas without fear of premature ignition, and it has the addi- 
tional advantage of economical production. 

The practice of making the cylinder in combustion en- 
gines act alternately, first as air compressor then as motor, 
has. the advantage of greater simplicity, but it means im- 
mensely larger engines for the same power, since the num- 
ber of effective impulses is thus cut in two. 

The danger of pre-ignition and consequent severe shock on 


‘the engine also necessitates very heavy construction in the 


larger engines in order to obtain a reasonable degree of 
safety in operation. Moreover, the smoothness of action is 
greatly retarded with this form of engine, especially if the 
governing is controlled by the “hit and miss” method, in 
which the regulation is effected by varying the frequency 
of the explosions, thus causing great variations in the drivy- 
ing torque. 

Various expedients have been employed to overcome these 
defects, such as the use of multi-cylinders and different 
methods of control, but the size and cost of engines have been 
increased rather than decreased. Notwithstanding these well 
recognized defects in the 4-cycle type of engine, it constitutes 
by far the largest class in use to-day of what may be called 
successful gas engines. 

Some recently very satisfactory results have been obtained 
in the construction of 2-cycle engines. In some of them we 
find separate pumps employed to compress the charge of 
gas and air, which ignites and burns as it enters the cylinder. 
Higher compression is thus obtained without fear of pre- 
ignition and this permits smaller clearance spaces with at- 
tendant advantages. 

If the engine is single acting, an impulse is obtained every 
revolution, which thus insures better speed regulation as 
well as double the power for a given size cylinder. 

The highest thermal efficiency yet attained, namely 38 per 
cent., has been secured with a 2-cycle type of engine, but 
whether these engines will be as satisfactory for small motors 
remains to be seen. It is possible that the greater complica- 
tion of details in the 2-cycle types as compared with the 
simpler 4-cycie engine will cause the latter to continue to 
give the greater satisfaction, at least for the smaller sizes. 
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VIEWS FROM THE E. P. ALLIS WORKS (RELIANCE WORKS), MILWAUKHE. 


1. Pit for Casting Vertical Engine Housings. 4. Twenty-four foot Drive Wheel in Pit Lathe. 
2. Housing for Vertical Engine, on Boring Mill. 5. Universal Radial Drill for Fly-wheel Work. 
3. Double Planer at Work on Fly-wheel Segment. 6. Twenty-four foot Segmental Fly-wheel in Pit Lathe. 
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VIEWS FROM THE MILWAUKEE PLANT OF 
THE ALLIS-CHALMERS CoO. 


Two months ago we published a description of the new West 
Allis plant of the Allis-Chalmers Co., near Milwaukee, with 
illustrations of the various buildings. Supplementary to this, 
the several views shown herewith of the Old Reliance Works 
of this company, on Clinton street, Milwaukee, will be of 
general interest. The Reliance works consist of a group of 


Fig. '7. General View of the Erecting Floor. 


large brick buildings of a style of architecture in vogue sev- 
eral years ago, and while not strictly modern are reasonably 
well adapted to the needs of a concern building heavy machin- 
ery. If the present overcrowding can be relieved, through 
the removal of a considerable quantity of the work of the 
West Allis plant, they will be well adapted to manufacturing 
purposes. 

It is in these shops that the immense engine-building busi- 
ness of the former EH. P. Allis Co. was developed, under the 
able management of Mr. Edwin Reynolds; and the views 
shown indicate the manner in which some of the heavy work 
has been handled. Fig. 1 of the group shows the pit in which 
the housings for large vertical engines are cast; and in Fig. 
2 is one of these housings on a 16-foot boring mill. Fig. 1 
was taken when a mold for one of these housings had been 
partially swept up. Figs. 4 and 6 illustrate heavy work in 


Fig. 9. Gear-making in Mill Department. 


the pit lathe, that in Fig. 4 being a 24-foot drive wheel and 
that in Fig. 6 a 24-foot segmental flywheel. In Figs. 3 and 5 
other work upon the segmental flywheel is being performed. 
Fig. 3 shows a double rotary planer facing off the sides of the 
arms to which the hubs of the wheel are bolted, and indicates 
clearly the manner in which the segments are secured to the 
bed of the planer, while the cutter heads traverse lengthwise 
of the beds and face off the casting. 
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In Fig. 5 a double radial drill is in use, for drilling and 
reaming the holes of the flywheel hub. This drill is of special 
design. It is supported by a column centered by the bore of 
the hub. Each radial arm of the drill is in the form of a 
double girder, between the two sections of which the drill 
heads are supported, so that they may be moved out or in for 
drilling holes on circles of different radii. The machine is 
rope-driven, as indicated. 

Fig. 7 is a glimpse of the erecting floor and plainly indi- 
cates the need felt by the company for more extensive quar- 
ters which are now to be had at the new West Allis plant. 


' Fig. 8 is another view of the 16-foot boring mill, with a large 


low-pressure cylinder in place for boring. A fixed boring bar 
is used, on which a cutter head is fed downward while the 
cylinder rotates with the table of the mill. 

Besides the engine and mining machinery work for which 
the HE. P. Allis Co. has been best known, they build an exten- 
sive line of flour and sawmill machinery and do general mill 
work of all kinds. Fig. 9 shows some of this work in prog: 


Fig. 8. Large Cylinder in Process of Boring. 


ress in the mill department, where there are large bevel gears 
with wooden teeth in process of construction. These teeth 
are made by inserting hardwood blocks in spaces cast in an 
iron body and held by wedges driven in at the back in the 
usual manner for constructing such gears. The teeth are 
then shaped by a planing machine seen in the background in 


Fig. 9, in which the cutter is guided by a templet. 
* * * 


The chilled cast iron carwheel so generally used in the 
United States is undoubtedly the highest development of cast 
iron founding. Hundreds of thousands of cast iron wheels 
are in use under freight cars where they are subjected to the 
severest service imaginable, yet the proportion of wheels that 
fail before running, say, 60,000 miles, is quite insignificant. 
Heavier cars are imposing harder conditions to meet, however, 
and many railroad men have seriously questioned the advisa- 
bility of using the chilled cast iron wheel for the heavier 
freight cars, believing that the limits of the chilled iron wheel 
had been passed. But, superior product as it is, the carwheel 
makers do not despair of still further improving it to meet 
the altered conditions of traffic. In a paper read before the 
November meeting of the Railway Club of Pittsburg, Mr. C. V. 
Slocum pointed out that the advances made in carwheel 
making since 1888 were great. He exhibited “test bars” 1 inch 
square and 12 inches long that had successfully stood a trans- 
verse load of 3,500 pounds; in 1888 the best test bars failed 
at 1,800 to 2,000 pounds. Experiments have shown that titan- 
ium in iron gives greater density to the metal, greatly in- 
creases the transverse strength, and gives a harder chill to 
the tread of the wheel. This latter condition seems quite 
remarkable when it is known that a broken fragment of the 
chilled metal of an ordinary carwheel will scratch glass, being 
as hard or harder than hardened tool steel. 


408 


CoPpyRIGHT, 1903, BY THE INDUSTRIAL PRESS. 


Iintered at the Post-Office in New York City as Second-class Mail Matter. 


MACHINERY 


DESIGN—CONSTRUCTION—OPERATION. 


PUBLISHED MONTHLY BY 


THE INDUSTRIAL PRESS, 


66 WEST BROADWAY, NEW YORK CITY. 


CHICAGO—1462 Monadnock Block. BOSTON—620 Atlantic Ave. 
PHILADELPHIA—Machinery Floor, The Eourse. 


LESTER G. FRENCH, Editor. 
FRED E. ROGERS and GEO. H. HALL, Associate Editors. 


The receipt of a subscription is acknowledged by sending the current 
issues Remittances should be made to THr INDUSTRIAL PRESS, and not 
to the Editors. Money enclosed in letters is at the risk of the sender. 
Changes of address must reach us by the 15th to take effect on the fol- 
lowing month; give old address as well as new. Domestic trade is sup- 
plied by the American News Company or its branches. 

We solicit communications from practical men on subjects pertaining 
to machinery, for which the necessary illustrations will be made at our 
expense. All copy must reach us by the 5th of the month preceding 
publication. 


APRIL, 1903. 


NET CIRCULATION FOR MARCH, 1903,—27,462 COPIES. 


MACHINERY is issued in three editions—the Engineering Edition, printed on 
coated paper throughout, each volume comprising 650 reading pages and 
forty-eight 6x9 data sheets—price $2.00 a year; the Shop Edition, printed on 
super-calendered paper, comprising 430 reading pages, devoted to practical 
shop matter—price $1.00; and the Foreign Edition, which comprises the same 
matter as the Engineering butis printed on thin paper for transmission abroad— 
price $3.00 a year. 


A WORD OF DISCOURAGEMENT. 


Since answering “A. M.” in the “How and Why” depart- 
ment of the last number upon the rotary engine question 
we have received a letter from another subscriber upon the 
same subject. Such letters of inquiry upon the advantages 
or disadvantages of rotary engines, their difficulties, the rea- 
son why rotary engines have not come into general use, etc., 
come to us with frequent regularity. In this instance the 
writer says: “For several years past I have devoted consid- 
erable time and attention to the problem of rotary steam 
motors or engines. As a result of my labors I have designed 
a machine of this type, and before taking any steps to secure 
a patent I desire to obtain some information in relation to 
the experience had by others in their attempts to solve the 
problem.’ Then follows a list of questions. 

This correspondent is only one of hundreds of inventors who 
are now working on rotary engines and one of thousands who 
have worked upon them in the past. In view of the large 
number of patents that have been issued for “Engines, ro- 
tary,’ and the failure of practically all of them to net any- 
body any profit, except the patent attorneys and the United 
States government, we are constrained to offer the advice, 
“Don’t take out a patent on rotary engines unless you can 
afford to lose the money you put into it.” 

Many people seem to think that the rotary engine is an 
unsolved problem, which thousands have been trying to solve 
without success and which will eventually be solved by some 
lucky fellow who happens to strike the correct idea; and so 
every inventor who has taken up the question has had visions 
of being the one man to reap the final success. 

We do not look upon it in this light. What are the diffi- 
culties in the way of a satisfactory rotary engine? Mainly 
three. First that of unequal wear of the rotating parts, ow- 
ing to their varying diameters; second, large clearance spaces 
and the supposed necessity for late cut-off; and third that to 
obtain a large amount of power the engine must either run 
at abnormally high speed or be excessively large in diameter. 
These difficulties do not seem insurmountable by any means, 
and there are probably several designs which remove the first 
two objections almost entirely. As to the last, high Speed is 
not so objectionable now as formerly, in view of the develop- 
ments in electric generators. 

The whole trouble with the rotary engine “problem” is that 
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there is no problem there needing solution. From the stand- 
point of the inventor it has been solved many times over. 
Amid all the worthless trash in the way of rotary engine 
patents that have been ground out in the patent office there 
have been a few having the elements of success and if prop- 
erly developed would undoubtedly make satisfactory engines 
for certain purposes. There is a rotary engine made in Swe- 
den that has proved quite popular for driving fans and other 
machinery of light power, and we have occasionally seen 
models of engines in this country that would undoubtedly 
run well and wear well and might prove very good motors. 
We believe that with all the time that has been spent in 
perfecting the rotary engine there is very little left for inven- 
tors to do and that further patents on rotary engines are not 
likely to net their inventors much if any greater returns than 
have those of the past. 

Why then, have not some of these engine designs been 
sought out by investors and placed on the market? Not for 
lack of capital, for there has been plenty of money available 
for investment where there was a reasonable assurance of fair 
returns. If rotary engines would accomplish half what was. 
claimed for them, there would be no trouble in financiering the 
project. 

The only plausible answer to the question is that there has. 
been no demand for rotary engines. The demand has existed 
in the minds of inventors only. There was nothing to indi- 
cate that a rotary would be any better than a reciprocating: 
engine and people have let well enough alone and contented 
themselves with what was already giving good results. In 
the way of a ray of hope, however, it is only fair to say that 
the demand for engines of the rotary type promises to be 
much greater from now on because of the adaptability of such 
units for direct coupling to electric generators, a condition 
that did not exist a few years ago. But there is every indica- 
tion that the turbine is better adapted for this purpose than 
the rotary engine, especially for large power, so that the 
“ray of hope’ is not a very bright one and we See no reason 
for modifying the title of this editorial. 


* e  & 


SHOP ACCIDENTS. 


In the letter from our contributor, Mr. James Vose, pub- 
lished in another column, upon the industrial conditions in 
the Manchester, Eng., district, reference is made to the find- 
ings of the Moseley commission which recently ‘visited this 
country and to which we have referred editorially. Mr. Vose ° 
quotes one of the members upon the iron-working industries. 
of this country, who arrives at the conclusion that the work- 
men in England are on the whole as well off as workmen in 
this country. We have no disposition to question this be 
cause the arguments pro and con seem to balance up quite 
evenly. The machinist in this country earns more money and 
pays more for what he buys; presumably also he is able to 
purchase more things, though not necessarily things that add 
to his material comfort. ‘The fact remains, however, that. 
there is a certain pleasure in being able to handle money and 
to purchase articles, even though in the end one is no better 
off; and the result is that English workmen come to this 
country, like it, and make their homes here. 

One allusion to the dangers to which American workmen 
are subjected and their liability to accidents in American 
shops, we believe in one way to be a just criticism and in 
another way, not. Probably precautions are not taken in this 
country to avoid accidents such as are taken in Hngland; and 
it may be that in manufacturing establishments the percentage 
of those injured is greater here just as the percentage of the 
injured is greater in railroading. This is a point that should 
not be considered too lightly by manufacturers, as possibly 
it may be in steel and iron works and other places where a 
great deal of cheap labor is employed. On the other hand 
there is a very marked tendency to abolish labor in places 
where danger exists. The number of laborers employed in 
machine shops who handle castings or machinery is not 
nearly so great in proportion to the work turned out as for- 
merly, and the very appliances that the representative quoted 
by Mr. Vose condemns, namely, the overhead traveling cranes, 
have done more to reduce the number of accidents than almost 
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any other one improvement. While the bustle and whirl of 
a modern machine shop are confusing to one not accustomed 
to American methods, the improved appliances for handling 
heavy masses are certainly a long step towards making the con- 
ditions safe for the machinist. 


* * * 


INSURANCE ENGINEERING. 


Plans are maturing for a course in insurance engineering 
at the Massachusetts Institute of Technology. This will be 
brought about at the instigation of the Factory Mutual In- 
surance Companies and particularly of the Boston Manufac- 
turers’ Mutual Company. It is believed that the time has 
arrived when young men trained in the subjects of fireproof 
construction, fire hazards, the prevention of fire and kindred 
topics can do effective work in reducing the immense annual 
loss through conflagration. Edward Atkinson states that the 
ash heap in the United States in 1901 cost $150,000,000 directly, 
and $100,000,000 more through the expenses incident to con- 
ducting insurance companies, water works, fire departments, 
etc. This amount is considerably more than the annual 
appropriation for the public schools, and more than double 
the amount spent annually for colleges and technical. schools 
—yet there is no school at present where the question of the 
prevention of loss by fire is taken and studied in a sys- 
tematic manner. 

An idea of what might be accomplished through such a 
department can be inferred from the records of the various 
companies of the factory mutual system of insurance. 
system was organized 60 years ago, with the fundamental 
idea of preventing loss by fire among the different subscribers, 
through rigid inspection, the removal of fire risks and in- 
vestigation of the causes of fire; and then paying “insurance” 
for such losses as could not be avoided by the precautions that 
were taken. It will be appreciated that this is quite different 


from the usual plan of insurance where, in too many cases, - 


strenuous objections are raised by the owners of property to 
introduce safeguards; or at least, if these are adopted, it is 
done to “satisfy the insurance company” merely. 

The mutual system was started among textile mills and 
has since spread to machine shops and other kinds of fac- 
tories. It was found that heavy losses had been incurred 
through such simple causes as the breaking of watchmen’s 
lanterns; the use of gear-driven instead of friction-driven 
fire pumps, in which the teeth frequently broke when start- 
ing; the use of animal insteal of mineral oils, leading to 
spontaneous combustion, and the common plan of construct- 
ing buildings with enclosed spaces in the walls under roofs, 
where fire could obtain headway unchecked, or rats’ nests 
could be built of oily waste. Work was directed toward 
coing away with these and many other hazardous conditions, 
and statistics show that the results have been remarkable. 
During the last six years, in which period the safeguards 
against loss by fire in all the main works of the mutual 
companies have been substantially completed, the actual losses 
have come to about 27 cents per $100 insured for the whole 
term of six years. Contrasting this figure with the average 
to the community outside the Mutual risks, which, on the 
whole, are considered less hazardous, because of the less dan- 
serous occupation of the occupants, the average loss has heen 
from 50 to 60 cents for each year—not for the six years. In 
other words, by developing the study of fire prevention the 
Mutual companies have reduced their losses to about one- 
twelfth those where less systematic effort is made to this 
end. 


It would appear, therefore, that there was excellent op- 
portunity for a course in insurance engineering and that 
sraduates from such a course would have a chance to do 
excellent work for the community as well as for themselves. 
The Manufacturers’ Mutual Insurance Company has organized 
an insurance experiment station as a preliminary to this 
course and which, it is expected, will. eventually be taken by 
the Massachusetts Institute of Technology. This station is 
now issuing bulletins at intervals, sold for a nominal sum, 
and our article this month upon slow-burning construction for 
mills and factories is taken from one of these bulletins. 
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NOTES AND COMMENT. 


A feature of the Varied Arts Building of the St. Louis Fair is 
that ten portrait statues, each 12 feet high, will surmount the 
columns of the curving colonnade which forms the main en- 
trance on the south facade. The statues will be those of the 
great inventors who have done most for the development of 


the various industries by means of their inventions. They are 
Howe, inventor of the sewing machine; Fulton, the steam- 
boat; Bessemer, steel; Chickering, piano; Clark, telescope; 


Ericsson, monitor; Watts, steam engine; Colts, firearms; Hoe, 
modern printing press; Goodyear, rubber. 


In discussion before the Institution of Mechanical Engi- 
neers Mr. J. H. Wicksteed stated that in English practice it 
was customary to design machine tools so as to allow 150 feet 
run of belt for each foot of surface speed of the work. 
Allowing the maximum pull of a 4-inch belt to be 200 pounds, 
the theoretical pressure developed on the tool would be 30,000 
pounds, which, by frictional resistance, would be reduced to 
say, 20,000 pounds. In the same discussion Mr. H. F. Donald- 
son, who read a paper on the cutting angles of tools stated that 
a friend had designed a boring tool having the cutter ground 
at such an angle that when it was once started in the work, it 
would feed itself. 


The Electrical World and Engineer estimates that the lead 
cell of an automobile storage battery is capable of lifting its 
own weight through a height of 5% miles in expending its 
energy without waste. Compared with a piece of good coal, 
however, it should be remembered that the latter contains 
enough potential energy to lift its weight 2,000 miles against 
gravitation so that a lump of coal is 350 times richer in 
energy than a lump of storage battery. But we can use only 
five per cent. of the energy of coal in an automobile, whereas 
we can get 20 per cent. usefully out of a storage cell, at the 
motor axles; so that the disparity is reduced from 350 to 
about 20. Even at 20 to 1, the energy storage capacity of 
coal or petroleum is clearly much greater than that of electric 
storage cells. 


Mr. E. G. Constantine, in an address before the Manchester 
Association of Engineers has this to say about industries in 
England and America: Last year I spent a few weeks in the 
United States, and I am free to confess that I was very con- 
siderably impressed by some of the methods in vogue in that 
country. Any expectations of finding the men working ex- 
cessively hard were not realized; in such works as I visited— 
and I spent a good deal of time in some of them—I failed to 
discover any evidences of exhausting labor, but on the other 
hand there was an absence of that happy-go-lucky, wandering- 
about-with-a-piece-of-wood fashion, which we are so painfully 
conscious exists in some of our works in Britain. Each man 
appeared to know his job, and to stick at it, and sullen faces 
were the exception. In the administrative and commercial 
departments the contrast between American and British prac- 
tice was startling, and revealed the great factors tending to 
the suecess of American enterprises—enthusiasm and loyalty. 


In an article on bonding the rails of street car tracks, the 
Railway Engineer refers to some interesting properties of 
mercury in the following words: “It is a well known fact that 
mercury will readily unite and form an amalgam with almost 
every known metal except iron and platinum, and even these 
can be formed by certain roundabout processes. The mercury 
will touch an iron surface sufficiently well to admit of electric 
conduction, but it will not ‘wet’ it; the molecular attraction 
between the two is not so great as that between the molecules 
of mercury themselves; it is insufficient to break down the 
surface tension of the fluid metal. It is a matter of scientific 
history that so long ago as 1865 Wurtz and Crookes discovered 
that the addition of a very small proportion of sodium amal- 
gam to the mercury gave it the power of ‘wetting’ or amal- 
gamating an iron surface, so that iron plates could be used 
instead of copper in the extraction of gold from crushed 
rock.” 
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THE EFFICIENCY OF MECHANISM.* 


WITH SPECIAL REFERENCE TO HOISTING MACHINERY. 
C. F. BLAKE. 

Any combination of fixed and movable pulleys or sheaves 
whereby power is multiplied, enabling large resistances to be 
overcome, is called tackle. The most usual form of tackle is 
that shown in Fig. 6, in which A represents the fixed sheaves 
mounted in some portion of the machine, and B represents the 
movable sheaves in the block to which the load is attached. 
The sheaves are usually of one diameter, and mounted upon 
one pin, those in the figure being made of varying diameters 
to enable the winding of the ropes to be clearly shown. By 
means of the tables given for the fixed and movable pulleys, 
we may obtain the efficiency of any arrangement of tackle. 
Inasmuch as the tackle shown represents a large majority of 
that in use, it is well to investigate the efficiency of such 
tackle as a unit. 
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The efficiency is in inverse proportion to the number of 
sheaves in the tackle, which is determined by the number of 
runs of rope to be used, which in turn is determined (friction 
being neglected) by the relation 

IG UE, 
—=f, orn = — 
n t 
in which LZ = the load, n = the number of ropes, t = the ten- 
sion in each rope, LZ and ¢, the known factors determining n. 
Thus neglecting friction and all hurtful resistances, we have 
L 
P,=- 
Nn 
Taking all hurtful resistances into account, it will be seen 
that the tensions in the several runs of rope are not equal. 
Thus if ¢ = the tension in the first rope, t, = kt = the tension 
in the second rope, t, = kt, = k*t = the tension in the third 
rope, and? m1 =k @“—» t= the tension in the nm th. rope. The 
power end of the rope is not included in the m runs of rope as 


* This is the second installment of Mr. Blake’s contribution on the sub- 
ject, and completes the article. The first installment appeared in the 
March number, ; 
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it has no direct lifting power, the n runs including only those 
directly connected to the movable block. 

In Fig. 6, t, —= the tension in the last run of rope, and as 
shown above, t, = kt, —= k+ t = the tension in the power end of 
the rope. 

In general, then, for n runs of rope, the tension in the power 
end = ka CaOr, 

faded (rp Nal beta ene eg BIEN SoS ER aha OIC: Hain OO UO 8 (1) 

The hurtful resistances may be considered as added to the 
load, which then becomes equal to the sum of the tensions in 
the several ropes connected to the movable block, and we have 


OS fehl a Wt ete ke 
Q=ttk+ P+ Rh 4k 


t (ke —1) 
k @-))) = —— 
k—1 
Denoting the distance through which P moves in a unit of 
time by s, the distance through which Q moves in the same 
Ss 


time is —, and the efficiency of the tackle is 
n 


a) 


8 
n Q 


Cs = 
Ps n P 


Substituting the values of P and Q from (1) and (2) we have 
t(k» —1) ; 


k—1 


kn — 1 
= 


wheat nm ke (k — 1) 

The following table, No. 4, gives the efficiency of tackle under 
the same conditions as were assumed for single fixed and 
movable pulleys. 


TABLE NO. 4. BFFICIENCY OF TACKLE. 


o 3 kx — 1 

oe Ves a) Efficiency = e = ————_——_ a 
ge Bee ee n ke (k — 1) So 
wei SOT aoe & 
eile ao es) Number of Runs of Rope 5 
3 leg | e <q 
A |S 2 3 je Nee 6 

sl) = i ead | Ss 

1g |} 10 | 1.081 | .888 856 823 | .798 167 .825 

567) 42-4" 1.068"). 909 879 .853 | .826 | .800 858 

% | 14 | 1.058 | .915 .893 869° | .848 823 .868 

% | 16 | 1.050 | .927 907 .880 .861 845 884 
To P8040) Doe 915 897 875 .860 .896 
14g | 20 | 1.040 | .941 .925 .898 .880 871 908 
14 | 22 | 1.086 | .948 .933 .909 897 .883 .912 

| Averaze | .923 | .915 | .875 | 853 | .885 


Winding Drums. 

Let Fig. 4 represent a winding drum operated by two gears, 
of which the pitch lines are a and b, by means of which a load 
L is to be moved by the application of a force P at the pitch 
line of the larger gear Bb. The distances through which P and 
L move are proportional to the radii of the gear and drum, so 
that 


Tee 
Py By SL and 2 > — (1) 


1 

The wasteful resistances to be overcome are: stahhe 
stiffness of the rope requiring an additional force 7, which 
may be added to the load L, making the total force acting in 
the rope 

OH i, and 
2nd. The journal friction due to the resultant pressure of P 
and Q, and to the weight W of the drum when wound full of 
rope or chain. 

The stiffness of the rope may be neglected at first to be 
brought into the solution later, which makes Q = JL, and as- 
suming P and Q to be parallel, the maximum value of their 
resultant is P + Q@ = 2L, when the condition of equilibrium, 
(¢ being the coefficient of journal friction) becomes 

PRS LERA2L ros wre=[Leer geet am) 


LR+r¢(2Ll+W) 


Pelee a eee (2) 
R, 


Letting the efficiency of the rope = e., and neglecting the 
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weight W of the drum and rope, we get from (1) and (2) the 
efficiency 


Whee 
P, R, 
é= — Cg = ————_ 62 

iP? LR+2reLl 

Ry 
en R eo 

i = 

R+2r¢ R+d$ 


where d@ equals the diameter of drum shaft. 

Table No. 5 gives the efficiency of drums for various sizes 
of ropes strained to their full capacity, the drum shafts being 
of such assumed diameter as to cover extreme practice, and 
the coefficient of journal friction being taken as .08. 


TABLE NO. 5. EFFICIENCY OF WINDING DRUMS. 
Coef of 


Resistance 
Min. Diam Assumed ez R 1 
Diam. of of Value Diam. of e= = = 
Rope. Drum, of ey. Shaft. R+d¢ e 
lg 10 .9d2 3 .939 1.064. 
5g 12 985 314 9438 1.060 
BA 14 987 4 945 1.058 
% 16 .989 41g 967 1.034 
1 18 .990 5 .950 1 053 
11% 20 991 51g 951 1.051 
14 22 .992 6 953 1.049 
Average, .949 1.0538 


In the case of heavy drums wound with large wire rope or 
heavy chain, it is sometimes desirable to take into account 
the weight W, in which case the formula should be used. 
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1 1 
Q] ATi + — + —]+2¢r 
38n 3 N 


(Ps ae rete (2) 
Ls 
The efficiency of the gear and shaft is 
QR 
a ee ey 
i — 
Je 1 1 
Q] AT1 + — + —]} +2 ¢r 
3n 3 N 
Ry 
R 
5 1 1 
Rf1ls+ + + od 
37 3 iN 
where d = the diameter of shaft. 
1 1 
As the expression (: 4+ + increases in value as the 
3n 3 N 


number of teeth diminishes, it follows that the number of 
teeth in the large gear remaining constant, the efficiency of 
the pinion and shaft is greater as the number of teeth n is 
greater. A smaller pinion than one of thirteen teeth being 
little used, m = 13 has been taken as the basis of the follow- 
ing table, No. 6. The pitch of the pinion being taken as 1% 
inches, gives the pitch diameter for a pinion of thirteen teeth 
as 7144 inches nearly. The diameter of the pinion shaft is 
taken as 3 inches, and the table gives the efficiency of the 
pinion and shaft when running in mesh with gears of various 
numbers of teeth, giving various velocity ratios. 


TABLE NO. 6. EFFICIENCY OF GEARS AND SHAFTS, 


oe a aiauauiaiuieeeee 
| R 
e = —— —_— — —__ ___ 
Pitch Di Ret ; : d 
No. of | Pitch | Diam. se ( +—+—) + a 
Teethin in of Pinion 
Pinion. | inches Pinion Shaft, | 
Approx. | NUMBER OF TEETH IN GEAR AND VELOCITY RATIO, 
ee eet Ro) PR. pore hm eal oR alm [oR 
7 18 | 1:1 | 20 | 1:13) 26 | 1:2 | 89 | 1:8 | 65 | 1:5 | 91 | 1:7 | 117] 1:9 | Average 
138 ie ‘ 3 | z we 
- i; | 922 929 | .933 937 | 940 941 | .942 934 
1 
Coef. resistance k = — = 1.084 1.076 1.072 1.067 | 1.064 1.062 | 1.061 1.070 
e 
Gearing. Efficiency of a Complete Machine, 


In Fig. 5, let P = the power applied at a radius R,, to drive 
a gear of pitch radius R, having n teeth, and meshing with a 
gear having WN teeth, at the pitch line of which there is a re- 
sistance to rotation, = qQ. Neglecting all wasteful resistances, 
we have the theoretical force 


eee reece eer ese eesrecen 


Ry 
The wasteful resistances to be overcome are the friction be- 
tween the teeth of the two gears, and the friction of the jour- 
nal A. : 
The friction between the teeth is given by Weisbach as 


i 1 
= gO. — 
Mins VV 


which, assuming the direction of Q to be normal to the com- 
mon center line of the two gears, becomes 


= (- -) Q Q 
—_—_+— — 
n N 


Le = 
3 37 3 N 
which acts through a lever arm R. 

In most cases occurring in practice, the forces P and Q are 
either arranged on opposite sides of a journal bearing, or one 
force at each end of a shaft next to a journal bearing. It is 
thus a close approximation to actual conditions to take the 
weight upon the journals as W — 2Q. Then taking into con- 
sideration the wasteful resistances, we have the condition of 
equilibrium, 


From the consideration of the efficiency of the several 
mechanisms which, combined, form a machine, we may by the 
general formula already given, 

@e=e, X @ X 6 X 
pass to the determination of the efficiency of the complete ma- 
chine. 

Fig. 7 represents the several elementary parts of a crane. 
The power is applied at the crank F upon the crankshaft A, 
and a pinion a upon this shaft meshes into a gear b upon the 
intermediate shaft B. A pinion b, upon this shaft meshes with 
a gear c upon the drum shaft ©. Thus the power is trans- 
mitted to the drum Z# upon which the rope which passes to 
the tackle D is wound, and thus the load Q is raised. The 
speed reduction of the two gears is shown in the figure as 1: 4 
in each case, and the tackle is shown as having four runs of 
rope. This completes the elementary crane. There are many 
devices such as friction pawls, ratchet wheels, band brakes, 
etc., which are applied to cranes for various purposes, but 
these do not as a rule affect the efficiency of the machine. 

In the following consideration of the efficiency of the com- 
plete machine the average values given in the preceding tables 
will be used as follows: 

é, = the efficiency of pinion a and shaft A (table No. GO) ==.934 
e, = the efficiency of pinion b and shaft B (table No. 6) ==).934 
e,; = the efficiency of drum E and shaft C (table No. 5) —.949 
e,= the efficiency of tackle D, 4 ropes (table No. 4) = .875. 

e =the efficiency of the complete machine = e, X e. X eX e, 
then ¢ = .934 X .9384 X .949 xX .875 = .723. 

While on account of the small force available for operation, 
the hand crane is usually double geared, the steam crane, 


SiSp ee ae) 8.6 8 60 ae ode, W.6 se ee ate ib a) 'e) ale 
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being operated by much greater force, is often single-geared. 
Thus, should a steam crane be applied to the elementary 
erane of Fig. 7, the shaft A, pinion a, and gear b would be 
omitted, and shaft B would become the engine shaft. The 
mechanical efficiency of small, simple slide valve engines is 
given by several authorities as 85 per cent. to 90 per cent. 
Assuming the smaller of these two values, we have 


€,— the efficiency of the engine..........--++-- .850 
€, = the efficiency of the pinion and gear........ 934 
€,— the efficiency of the drum and Shahitees eats .949 
€,—= the efficiency of the tackle.............--. .875 


€ = .850 X .934 X .949 X .875 = .656. 


» 


hand crane as a 

basis, we have the coefficient of resistance for the complete 
1 1 

crane, 6 — =] —— = _1.38:* Example: 
e mle 

force of about 30 pounds upon a crank handle. If four men are 

working at a crank F, 16 inches long, the ratio of the gears 

a—b and b—c is 1 to 4 in each case, and the diameter of the 

drum is 24 inches; the force or pull in the rope wound around 

the drum is 


Taking the above value obtained for the 


One man can exert a 


1200 x 16x 4x4 
= 


= 2560 pourds. 
12 

Fig. 7 shows the crane as having four runs of rope, which 

gives the load 
Q = 2,560 X 4 = 10,240 pounds. 

The actual load L that can be raised by four men working 

this crane would be, assuming the efficiency as 72 per cent., 
L = 10,240 X .72 = 7,372 pounds, or about 3 1% tons. 

Conversely: A load of 344 tons is to be raised by such a 

crane. We have the force or pull in the rope 


7000 
Pas 


= 1750 pounds. 


Then the power required at P is 
1750 x 12 


= 82 pounds nearly. 


The coefficient of resistance is 1.38, and we have the actual 

force required on the crank F as 
P = 82 X 1.38 = 113 pounds nearly, 
which would be fair work for four men. 

High temperatures are now easily measured with the elec- 
tric incandescent lamp. The lamp, in line with the furnace, 
backing or other hot object, is viewed through a small tele- 
scope, when the filament disappears on reaching the tempera- 
ture of the background. An ammeter shows the amount of 
current feeding the lamp, while a special scale indicates 
very accurately temperatures up to 3,600 degrees Fahr. 
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STHEL VS. CONCRETE FOR FLOORS. 


In a contribution to Insurance Engineering, Frank B. 
Abbott contends that the steel floor beams used universally 
in the modern steel buildings are a useless and extravagant 
appendage. Fire and corrosion are the enemies of steel, and 
it follows that, when the requirements of strength and dura- 
bility have been met the less steel there is in a building the 
less danger there will be from these enemies, and the safer 
the building. Also, the less steel required in a building, the 
more nearly fireproof the building will be, provided a better 
substitute can be found. He holds that long floor arches 
between the steel floor girders cost less per square foot than 
the short arches usually built between the steel floor beams 
spaced near together, and supported by the girders. The floor 
beams constitute about one-half the total steel tonnage of 
the average fireproof building; and yet they have been a 
necessary part of the framework, for arches of concrete and 
brick, having greater spans than the length of the average 
floor beam, and carrying greater loads, have been in use a 
theusand years. The average fireproof building, taking this 
country at large, contains more than 1,500 tons of structural 
steel, but, assuming a basis of 1,500 tons, the cost, at $60 
per ton erected in the building (the present cost is about 
$70) is $90,000, and as about one-half of this tonnage is in 
the floor beams, there has been expended, therefore, not less 
than $45,000 uselessly—$45,000 paid out in the construction 
of the building without adding one dollar to its value, or 
strength, or earning power. In a thousand such buildings, 
and there are many more than this in the United States, we 
have the enormous sum of forty-five million dollars thrown 
away, except as it has helped to swell the profits of the “steel 
trust,’ and when we eliminate one-half the structural steel 
from a building we eliminate one-half of the risk from fire 
and corrosion—an important matter, viewed from an in- 
surance standpoint. How much further we may 80 in this 
process of elimination remains to be seen. There is less 
need, however, for further elimination, because the steel col- 
umn and the girder perform necessary structural functions, 
whiie the beams have always been superfluous. 

Having dispensed with the beams, it is best that we deter- 
mine at once, before paying any more premiums to ignorance 
or cupidity, what are the best materials and methods of con- 
struction for the floor arches which replace them. The re- 
quirements of these arches are that they shall be fire-resisting, 
have the requisite strength, and be of such nature and con- 
struction as to prevent the corrosion of the steel girders. AS 
to the first two requirements, bricks, terra-cotta or concrete 
will answer equally well; as to the third requirement, only 
one, i, e., concrete, will do the work. If the girders are well 
egrouted with cement or lime grout, however, the other ma- 
terials will answer; but in practice that material which 
requires the least outlay in time and money, after meeting 
the above requirements, will be the one used. 

Cement affords absolute protection against corrosion to 
steel work, when properly applied. Structural steel need not 
be pickled, or put under a sand blast, or treated in any 
other expensive manner, nor should it be painted, before being 
concreted in. It is only necessary that it be thoroughly 
brushed with wire brushes, so as to remove all dirt and 
-loose seales, for cement has a strong affinity for steel and 
iron. Any incipient corrosion that may be set up during the 
construction of the building will be so slight that it may be 
disregarded, and as soon as the concrete sets corrosion is 
arrested, and after the concrete hardens it can be removed 
only by the use of cold chisel and hammer. 

As to the strength of concrete the writer recently witnessed 
a test of a concrete arch 5%4 feet wide and 16 feet span made 
as follows: Natural cement one part, lake sand one part, cins 
ders four parts, and in the concrete were imbedded three 
2-inch by 2-inch steel T-bars, curved to the radius of the 
arch, and supported by the lower flanges of the girders. The 
arch was 20 inches deep at girders and 8 inches at crown, 
and had a rise, therefore, of 12 inches. After standing 30 
days the arch was loaded to the extent of 900 pounds per 
square foot, and sustained this load for 30 days without 
visible deflection. 
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SLOW-BURNING CONSTRUCTION. 


FOR SHOPS AND MANUFACTURING BUILDINGS. 


In one of the recent reports of the Insurance Experiment 
Station, Boston, Mass., are several studies of what is known 
as the “Slow Burning” or “Mill” type of construction of build- 
ings, which has proven so satisfactory for textile mills and 
many other branches of manufacturing, including machine 
work. There is no type of building which is on the whole 
better adapted for machine shops of medinm size, especially 
when the building is to have several floors, than this type, 
in which wooden columns and floor beams are employed instead 
of the usual steel columns and beams generally found in 
modern shop buildings. 

It may be said that the theory of the slow-burning or mill 
type of construction is that heavy timbers and solid plank 
flooring will withstand the ravages of fire for hours, where 
fioors supported by steel columns and beams might sag or even 
fall, through the bending of the steel members, due to the in- 
tense heat of the flame. Mill buildings generally have brick 
walls, supporting massive floor timbers, widely spaced, with 
thick plank floors, tongued and grooved, covered with a layer 
of hard wood flooring; and large square wooden columns. If 
there are no openings in such floors, for belts, stairs, elevators. 
pipes, etc., by which fire can get a foot-hold, they will effect- 
ually prevent the spread of flame either up or down, and will 
confine the fire between floors for hours without burning 
through. The large timbers, also, when once charred, do not 
seem to burn to any great extent, even under the most severe 
conditions, and will remain intact longer than even granite 
columns under intense heat. 

The following concise statement of what Mill Construction 
is and what it is not, as well as the practical informa- 
tion relating to the design of such buildings is taken from the 
pamphlet referred to containing the report of the Insurance 
Experiment Station and will form a valuable supplement to 
the articles on shop construction now running. 


What Mill Construction Is. 

1. Mill construction consists in so disposing the timber and 
plank in heavy solid masses as to expose the least number 
of corners or ignitable projections to fire, to the end also 
that when fire occurs it may be most readily reached by water 
from sprinklers or hose. 

2. It consists in separating every floor from every other 
floor by incombustible stops—by automatic hatchways, by in- 
casing stairways either in brick or other incombustible parti- 
tions—so that a fire shall be retarded in passing from floor 
to floor to the utmost that is consistent with the use of wood 
or any material in construction that is not absolutely fire- 
proof. 

3. It consists in guarding the ceilings over all specially 
hazardous stock or processes with fire-retardant material such 
as plastering laid on wire-lath or expanded metal or upon 
wooden dovetailed-lath, following the lines of the ceiling and 
of the timbers without any interspaces between the plastering 
and the wood; or else in protecting ceilings over hazardous 
places with asbestos air cell board, sheet metal, sackett wall 
board or other fire-retardant. 

4. It consists not only in so constructing the mill, work- 
shop or warehouse that fire shall pass as slowly as possible 
from one part of the building to another, but also in providing 
all suitable safeguards against fire. 


What Mill Construction is Not. 

1. Mill construction does not consist in disposing a given 
quantity of materials so that the whole interior of a building 
becomes a series of wooden cells; being pervaded with con- 
cealed spaces, either directly connected each with the other 
or by cracks through which fire may freely pass where it 
cannot be reached by water. 

2. It does not consist in an open-timber construction of 
floors and roof resembling mill construction, but of light and 
insufficient size in timbers and thin planks, without fire-stops 
or fire-guards from floor to floor. 

3. It does not consist in connecting floor with floor by com- 
bustible wooden stairways incased in wood less than two 
inches thick. 
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4, It does not consist in putting in very numerous divisions 
or partitions of light wood. 

5. It does not consist in sheathing brick walls with wood, 
especially when the wood is set off from the wall by furring, 
even if there are stops behind the furring. 

6. It does not consist in permitting the use of varnish upon 
woodwork over which a fire will pass rapidly. 

7. It does not consist in leaving windows exposed to adja- 
cent buildings unguarded by fire shutters or wired glass. 

8. It is dangerous to paint, varnish, fill or incase heavy tim- 
bers and thick plank as they are customarily delivered, lest 
what is called dry-rot should be caused for lack of ventilation 
or opportunity to season. 

9. It does not consist in leaving even the best constructed 
building in which dangerous occupations are followed without 
automatic sprinklers, and without a complete and adequate 
equipment of pumps, pipes, and hydrants. 

10. It does not consist in using any more wood in finishing 
the building after the floors and roof are laid than is abso- 
lutely necessary, there being now many safe methods available 
at low cost for finishing walls and constructing partitions with 
slow-burning or incombustible material. 

It follows that if plastering is to be put upon a ceiling fol- 
lowing the line of the under side of the floor and the timber, it 
should be plain lime mortar plastering, which is sufficiently 
porous to permit seasoning. Adding a skim coat of lime 
putty is hazardous, especially if the top floor is laid upon 
resin-sized or asphalt paper. This rule applies to almost all 
timber as now delivered. 


Standard Type for Building. 

The illustration on page 414 shows the section of a mill of 
the customary or standard type. Two floors are pictured, 
showing a section of the wall, cut off at pilasters between the 
windows, the thickness of panels to be adjusted to the thick- 
ness designated in the drawing. If additional stories are 
required, the walls may be increased in thickness according 
to the number of stories added, after a computation of the 
loads which a standard factory may be called upon to sustain. 

The window at the left represents what is known as the 
English type of window—the lower sash being either fixed or 
swinging on hinges, the upper sash mounted like a transom, 
and opening inward for ventilation. Attention is called to the 
fine ribbed glass which is translucent but not transparent, dif- 
fusing the light, making no hard shadows, and preventing the 
glare of sunlight to such an extent that window shades are 
seldom required. 

It is assumed that no well-informed mill owner, engineer or 
builder would fail to construct the stairways in towers or 
sections of the building, cut off by incombustible walls from 
all the rooms of the factory, the entrances to each room being 
guarded with standard fire-doors. In modern practice, all 
belts or ropes which may be used for the transmission of power 
to the various rooms, are placed in incombustible, vertical belt 
chambers from which the power is transmitted by shafts 
through the walls into the several rooms of the factory. There 
should be no unprotected or unguarded openings in the inner 
walls of this belt chamber. 

Hlevator shafts and belt towers or chambers should be 
guarded by fire-doors and covered overhead by skylights, glazed 
with thin glass, protected underneath with wire netting. 
Hatchways outside of fire-proof shafts should be well guarded 
by automatic or self-closing hatches, both to stop the passage 
of fire and to assure safety to persons. The most importaht 
feature in what is called slow-burning construction is to make 
each and every floor continuous, avoiding belt holes and open 
ways to the utmost possible extent, so that a fire originating 
in any one room may be confined to that room or story, if 
possible. 

Timbers, unless known to be absolutely and fully seasoned, 
should not be incased in any kind of air-proof plastering, nor 
should they be painted with oil paints—whitewash, kalsomine 
and water paints may be used, as they are porous. Timbers 
or plank may also be covered in with common lime mortar 
laid on wire lathing, provided no skim coat of lime putty is 
added. Ordinary plastering unskimmed is sufficiently porous 
to permit seasoning. As a rule, timbers may be left unpro- 
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eries, dye works, print works and the like, where they quickly 
become saturated with moisture, artificial stone floors are be- 
ing laid in many of the modern plants. 

If the building is to be heated by conveying steam through 
pipes, such pipes should be hung overhead. If the modern 
method, which is probably the best method, of conveying the 
heat through ducts in the plastered walls should be adopted, 
provision will be made thereto in the construction of the mill 
wall. 

The carrying off from the walls of about one-half a roof 
corresponding to this plan, in a hurricane, is an instance 
which calls attention to the necessity of tying, binding or 
bolting the timbers of the roof to the walls of the mill in a 
safe and suitable manner. This is the common practice, but 
the necessity is sometimes overlooked. 

Single Story Machine Shop. 

For workshops on cheap, level land, especially where the 

stock is heavy, one-story buildings have proved to be more 


Pitch 34 to 1 foot 
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the windows may be narrowed and made thicker so as to give 
the requisite strength, leaving more space for light. Large 
windows are placed high, and the sashes separated by a mul- 
lion. Lower sashes should be stationary and glazed with 
ribbed glass, with transom sash or window ventilators above. 
If the light is too strong, apply to glass white zine and tur- 
pentine. Monitors may well be glazed with ribbed glass. 

Wooden mill columns, Southern pine or oak, safely sustain 
loads of 609 pounds per square inch; a square column is 
stronger than a round one of the same diameter. They should 
-have a 14-inch core bored from end to end, and two half-inch . 
holies through the column near to each end. The columns 
should be securely held at each end, the base resting on iron 
plates projecting above the floor level, and the caps at the top 
bolted to the roof beams. 

Double or solid timbers of Southern pine support the roof 
plank, and the ends pass through the wall; and are finished as 
brackets to the cornice: or another plan often adopted is to 
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Fig. 2. Single Story Machine Shop. 


economical in cost of floor area, supervision, moving stock 
in process of manufacture, and repairs to machinery—many 
kinds of which can be run at greater speeds than when in 
high buildings. 

Such buildings are readily warmed and ventilated, and 
heavy plank roofs are free from condensation in cold weather; 
the large window area reduces the hours of artificial illumina- 
tion. Forced circulation of heated air is a very desirable 
method of heating a mill, being economical as to maintenance 
and repairs, and thoroughly under control. Overhead steam 
pipes are very satisfactory, if used in the ratio of one foot of 
14-inch pipe to 70 cubic feet of air. 

Floors over an air space or on cement are subject to dry- 


rot. Asphalt or coal-tar concrete is softened by oil, and the 
VIII TTT TOOTT TTT TIT TOTT TIT TTTITTTET OTTO. 
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Fig. 3. Exterior of Single Story Structure. 


dust will wear machinery, unless covered by flooring. Floors 
made by laying sleepers on six inches of pebbles, tarred when 
hot, then two inches tarred sand flush to top of sleepers and 
covered by double flooring, have remained sound since 1865; 
but double flooring at right angles can be laid on the concrete 
without the use of sleepers, and nailed together. It is usually 
preferable to secure nailing strips to stakes four feet apart 
each way and driven to grade, concrete flush to top of strips, 
and lay single 114-inch flooring. 

Piers reach to roof timbers, and light walls to window sills 
are finished with slope on inside. To increase the window 
area over that shown in the elevation, the brick piers between 


make a projecting brick cornice covering the ends of the root 
timbers, thus avoiding the exposure to an outside fire. The 
beams are anchored to plates in the walls by means of tongues 
which project into grooves across the lower side of the beams. 
Beams should not be painted or varnished until thoroughly 
seasoned. 

The roof plank should be two bays in length, breaking 
joints every three feet. There is no need of gutters, but a 
concrete walk at the ground level, sloping toward drains, will 
take the water from the roof. Do not drive nails upward into 
the roof plank, as moisture will condense and drop from the 
heads. 

Monitors must be of solid construction. 

The roof should be tied by binding or bolting the timbers 
of the roof to the walls of the mill in a safe and suitable man- 
ner. This is the common practice, but the necessity is some- 
times overlooked. The saw-tooth roof is taking the place of 
the monitor roof in many buildings, and it requires, in each 
case, the service of a competent engineer and constructor to 
plan the roof so as to meet special conditions, and to super- 


vise the work. 
* * * 


The lightest known wood is said to be the so-called cork- 
wood tree,» which in the swamps of Southeastern Missouri 
reaches a height of 15 or 20 feet and a diameter of two to 
. five inches, and is found in occasional small species in Florida 
and Arkansas. Its specific gravity is .207, while that of its 
roots is only .151. The wood, though spongy, is far tougher 
than cork. The specific gravity of cork—which is the outer 
bark of a kind of oak—is .240, while that of most woods is 
between. .400 and .800, and that of the heaviest woods is 
greater than of water, that of American ebony, for example, 
being 1.331. 


’ 


In England, the Sunderland Town Council has decided to 
try the experiment of supplying electricity for the lighting 
of the workmen’s dwellings owned by the municipality on the 
penny-in-the-slot principle. The corporation propose to supply 
an 8-candle power light which will last five and one-fifth hours 
for one penny. 


* * & 
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ENGINEERING REVIEW. 


CURRENT EVENTS, TECHNICAL AND MECHANICAL—LEADING ARTICLES OF THE MONTH. 


The report of the Commissioner of Patents for the calendar 
year 1902 shows a total of 49,490 applications for patents, in- 
cluding designs, and that 27,776 patents, including designs, 
were issued. In addition there were 110 patents reissued, 2,006 
trade marks registered, and 767 labels and 158 prints regis- 
tered. During the year, 23,331 patents expired, 4,471 applica- 
tions allowed were forfeited because of non-payment of fees, 
and 9,284 allowed applications are still awaiting final fees. 
The excess of receipts over expenditures was $159,514. 


The American Foundrymen’s Association has recently or- 
ganized a “Metallurgical Section.” This was undertaken in 
response to an increasing demand for an organization to 
harmonize methods of analysis of iron. It is designed to 
increase the use of metallurgy in foundry and furnace work, 
and to serve as a board of exchange, as it were, for those 
interested in the study of iron as a specialty. All furnaces, 
foundries, individual chemists and independent laboratories 
who would be interested to receive more particulars concern- 
ing this Section are requested to send their names to the Sec- 
retary, Herbert E. Field, at Box 104, Ansonia, Conn. 


Plans for the fourth bridge across Hast River, New York, 
have been completed and accepted by the city engineers. The 
design is for a suspension bridge, involving several novel 
ideas for a structure of this magnitude. The central span 
will be 1,475 feet, with two side spans, each 725 feet 
long. Total width 96 feet. In place of cables immense eye- 
bar chains are to be employed. If possible these will be of 
special steel having an elastic limit of 50,000 pounds per square 
inch. The cross-sectional area of these chains will have to be 
about double the area of cables to sustain the same load, 
including their own weight, but they will have the advantage 
of accessibility for examination and repair, while the inner 
strands of a cable are of course entirely closed from view. 
The bridge towers embrace the most novel feature of the 
structure. Each tower is really a bent and consists of four 
vertical posts, made up of structural steel. Each is supported 
on a pin at the bottom and the chains are rigidly connected to 
pins at the top, instead of passing over shoes in the usual 
manner. There will thus be no slipping or rubbing due to 
expansion and contraction of the cables, as this is to be com- 
pensated for entirely by the swinging of the towers. 


One of the last bills to be passed and become a law during 
the last session of Congress was one relating to patents and 
trademarks. The bill was for the purpose of completing the 
compact between the United States and the more important 
foreign nations with regard to international protection of in- 
dustrial property, according to terms of an agreement entered 
into at a convention in Belgium over two years ago. Without 
the passage of this act the United States could not have en- 
joyed the privilege of the other terms of the treaty and hence 
the bill is of greater importance than the mere text of its pro- 
visions would indicate. The general result of the bill, as ex- 
plained by the Scientific American, will be not only to extend 
the time in which foreigners may file their applications in the 
United States patent office, but also provides that when an 
application is filed in the United States by any person who 
has previously filed an application for a patent in a foreign 
country which by treaty, convention, or law, affords similar 
privileges to citizens of the United States, the application in 
the United States shall have the same force and effect as 
though it were filed in this country on the date on which the 
application for a patent for the same invention was first filed 
in such foreign country. The effect of this amendment will 
be far-reaching, as for instance in interference cases, where the 
foreign inventor may claim the date of the filing of his first 
foreign application, for all purposes, as his date of filing in the 
United States patent office, although the actual filing of the 
application papers in the United States patent office was not 


made until nearly a year after such date. Under the amend- 
ment, foreign inventors will be obliged to file their applica- 
tions for design patents within four months of the filing of 
their first foreign application. 


The plan and scope of the Carnegie Institution at Washing- 
ton, D. C., endowed by Andrew Carnegie, for scientific investi- 
gation and research, was outlined in the February issue of 
Science. The work of this institution is to be conducted by 
the distribution of funds for the assistance of individuals, and 
in some cases of societies or institutions qualified by training 
or equipment to carry on investigations, and it is proposed 
to make grants of money for this purpose, mainly; though a 
certain amount will be available for the purchase of apparatus, 
instruments, books, etc., to aid persons of marked ability in 
original work, such apparatus or materials remaining the 
property of the Carnegie Institution. It is not proposed to 
equip the institution with buildings for research such as is 
done in the engineering laboratories of our technical schools 
or to attempt courses of instruction or to otherwise conflict 
with organizations already doing good work in the field of 
engineering or science. Although efforts will be made to co- 
operate with all such agencies established for the advancement 
of knowledge, care will be taken to avoid interference or 
rivalry. For example, if medical research is provided for by 
other agencies, as it appears to be, the Carnegie Institution 
will not enter that field. Sites or buildings for other institu- 
tions will not be provided nor will assistance be rendered 
to students in the early stages of their studies. All work for 
which grants are made will be subject to the approval, or be 
placed under the direction of the committee in charge and in 
this way it is hoped to avoid duplication in tests or investiga- 
tion; and a thorough plan of procedure will be mapped 
out to insure systematic work. For the present year $200,000 
are at the disposal of the committees for rendering assistance 
in the various fields to be covered, and $40,000 to cover the 
expenses of publishing the results. 


On March 3 the Brush patent on storage battery electrodes 
expired. This is one of the most remarkable patents in the 
field of electrical engineering and its termination will enable 
new manufacturers of storage batteries to come into the field, 
and many of the present manufacturers to improve their prod- 
uct. The patent has formed the basis of extended litigation, 
but its claims were broad enough to stand. In commenting 
upon this patent the Hlectrical World publishes the following 
interesting paragraph: 

It is now almost twenty-two years since Sir William Thomp- 
son sensationally introduced the storage battery to the world 
by remarking dramatically at a scientific gathering that a small 
box he held in his hand contained one million foot-pounds of 
stored energy. The statement caught the fancy of the news- 
papers of the world, and for a long period the storage battery 
monopolized attention to the exclusion of other current electri- 
cal developments. Highly capitalized companies were every- 
where formed to exploit the new marvel, inventors the world 
over turned attention to its improvement, and patent offices 
were overwhelmed with applications based upon their work. 
Four years later the electrical public was startled by the issue 
of a patent to Charles F. Brush, which not only covered the 
whole previous art, excluding Planté cells, but also any im- 
provements to the composite plate that might be made during 
its life of seventeen years—which only ended last week. 
Though the very principle of the storage battery as developed 
from the beginning of last century involved a metallic structure, 
the Brush patent of March 3, 1886, covered absolutely the use 
of a metallic support in connection with any improvement of- 
fered, which claim practically closed the art to all except the 
owners of the patent, and rendered subsidiary to it the many 
hundreds of patents which irrepressible inventors nevertheless 
insisted upon taking out during its life. 
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PORTABLE UNIVERSAL MACHINE TOOL. 
Le Genie Civil. 


It is generally acknowledged to be frequently of a very 
great advantage in the execution of heavy work to be able 
to take the tool to the work rather than the work to the tool. 
Many devices have been brought out for that purpose, and 
among them is the one shown in the accompanying illustra- 
tion and designed by Emile Capitaine & Co., Frankfort-on- 
Main, Germany. The apparatus, as shown in Figs. 1 and 2, 
consists of a hollow spindle carrying the tool, which is rotated 
by a small electric motor, acting through a flexible shaft and 
a worm gearing, the latter being integral with the machine. 
The longitudinal movement of the spindle is effected by means 
of a nut turned by a hand wheel, and which engages in a 
thread cut upon the tube holding the spindle in line. The 
whole is fitted with a stirrup so connected that it can be sus- 
pended and balanced in any position best adapted for the 
execution of the work in hand. 
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Fig. 2. 


Fig. 1. 


In the application of this device there are a number of com- 
binations of supports that have been designed by which it 
has been possible to so hold the machine that it can execute 
even complicated work with a great degree of precision and 
that, 100, without being obliged to change the position of the 
parts during the operation. It can be used for boring, drill- 
ing, reaming, facing off cylinders, cutting out ports and other 
work of a similar character. In adjustment it is only neces- 
sary to hold the frame rigidly in position, which can be done 
by bolting or clamping, as shown in Fig. 1, and the tube then 
holds the spindle in line —G, L. F. 


REAL PROFIT-SHARING AND ITS RESULTS. 
The Independent, March 12, 1903, p. 619. 


The Rey. George L. McNutt, who has spent the past four 
years aS a working man, investigating the conditions of the 
laborer from his own standpoint, gives an account of the 
profit sharing plan that is in operation at the pump and wind- 
mill manufactory of A. S. Baker & Co., at Evansville, Wis: 
consin, This company was founded in 1873, but owing to 
divided management was operated unsuccessfully for a num- 
ber of years. It was then placed under the absolute manage- 
ment of Mr. Baker, and in 1891 the first dividend was de- 
clared. In 1897 Mr. Baker’s son, J. S. Baker, was made a 
director of the company. He had been a student at the 
University of Wisconsin, and was imbued with the justice and 
necessity of democratizing industry. After two years of care- 
ful study he devised a plan for profit sharing, which was 
adopted by the company in February, 1899. 

As a beginning, each man who had been in the company’s 
employ during the past year was given a bonus of 10 per cent. 
on his wages. Meanwhile the business of the company was 
enlarged by increasing the capital stock to $300,000; $200,000 
of this was preferred stock, fully paid up, and $100,000 to be 
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issued in profit sharing between labor and capital in pro- 
portion to the earnings of each, the earnings of capital being 
arbitrarily fixed at 5 per cent. on preferred stock, and the 
earnings of labor pelng the amount earned by each employee 
on day wages or salaries during each year. 

Just here is the genius and value of the plan as devised 
and carried through by the Baker Conipany. Instead of treat- 
ing, as is usual, a dollar of preferred stock and a dollar of 
wages as of equal standing in the division of profits, so that 
if there is a net profit of 5 per cent., a man with a salary of 
$500 a year receives $25; according to Rule II. of the By- 
Laws of this Baker Company, the net profits shall be divided 
between the preferred stock and labor in proportion to the 
earning capacity of each. This, in the hands of a shrewd 
lawyer, might be interpreted in various ways. Interpreted 
and carried out by the Baker Company, it means this: The 
money paid to stockholders as dividends and the money to 
Jabor as wages is in each case treated as for practical purposes 
earnings on capital. The capital of the stockholder is the 
total of money invested, the capital of the laborer is the total 
of his strength, his character, his skill, these three, muscle, 
brain, soul or self. Money capital is paid a yearly dividend 
of 5 per cent., man capital is paid the current wage of a given 
trade. Money capital and man capital being equals in the eye 
of the law of the company, it is a simple problem in per- 
centage to reckon up the man capital of a laborer from his 
yearly wage. Divide by 5, multiply by 100. A $500 a year 
common laborer is a $10,000 man. The $2 a day steel com- 
pany employee earning $600 a year would in the Baker Com- 
pany in effect be a $12,000 man. Last year he would have 
received his $600 wages and his share as a capitalized man 
of the profits. This last was actually 827-10 per cent., or 
$496.20 to each $2 a day man who had been two years in their 
employ. The contrast between a year’s profits of $496.20 
earned and received and a $5 or $15 bonus bestowed is strik- 
ing 

Money capital draws its dividends once a year, the man 
capital once a week. The year’s dividends to money haying 
been paid, 10 per cent. of the remaining earnings is put aside 
into a rainy day sinking fund. The remainder is now ready 
for division between the two capitalists, the money and the 
man, “according to the earning capacity of each.’ The 
$20,000 stockholder, who for his ducats has received a $1,000 
dividend, and the $20,000 mechanic, who for-his skill, strength 
and character has received a $1,000 dividend, wages we say, 
meet now to divide the profits dollar for dollar on the earn- 
ings—that is, the capital of each—not a dollar of stock or 
money capital against a dollar of the earnings of man capital. 
One can see the virility of such an evolutionary idea. 

The peculiar and beautiful point of it all is the lifting up of 
a man from the plane of a mere seller of muscle to the posi- 
tion of a capitalist. Business having been very flush the last 
four years, profits have been correspondingly large. After the 
5 per cent. dividend on preferred stock and all wages and 
salaries were paid in January, 1900, 10 per cent. of the re- 
maining surplus was paid into a sinking fund, and the re- 
mainder became subject to profit sharing between labor and 
capital, increasing the earnings of labor and capital that 
year 60.3169 per cent. In 1901, enlarging the sinking 
fund by 10 per cent. of the net earnings, the earnings on 
the common stock and profit sharing of labor were increased 
82 7-10 per cent. 

And what are the results on the community. One of the 
immediate and most substantial results is the building of 
homes by the men. At any time a man wishes to build a 
home the company will treat his common stock as in effect 
so much building loan association stock and loan money, at 
a reasonable interest. And one can find many beautiful cot- 
tages, which are profit sharing cottages, where it is possible 
for a man to “make a happy fireside clime for weans and wife.” 
In the high school one feels the effects. The attendance at the 
high school of this town where labor has been capitalized is 
greater than that of many other near-by Wisconsin towns 
of double the population, There is no stern economic neces- 
sity that drives the boy into the shop and the girl to the 
office or store. In line with this general policy boys in school 
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are allowed to work on Saturday, earning $2 or $3 a day, and 
to work during the summer. The town has no open saloon. 
There are no evidences of pauperism. The wages paid are the 
current wage of the State for the work that is done. The 
general addition to the earnings of these Wisconsin men by 
the company adds to their standard of living a sum which is 
a tremendous gain to any one whose standard of living has 
been scaled to an average wage. There is a clean, straight- 
forward, businesslike, well-kept look to the town. These are 
some results of real profit sharing, where the shop reacts upon 
the school, the home and the church. 


HERRINGBONE GEARING WITH CUT TEETH. 
La Construction Mecanique Internationale, January 30, 1903. 


Toothed gearing is used throughout the entire world in the 
transmission of power in every kind of machinery. The chief 
points to be observed in the choice of gearing are: Strength, 
durability and efficiency. All of these requirements can be 
fulfilled in the manufacture of gears, only by obtaining a 
perfect adjustment of the teeth and the total absence of any 
play; so that the run of the gear will be uniform and smooth 
and that the friction and wear will be diminished, the jerks 
avoided, and the efficiency increased. These results are pos- 
sible only by dividing and cutting the gears automatically by 
machinery. Cutting teeth in this way affords also the advan- 
tage that any faulty condition of the material will at once be 
detected. 

A second important point which theory and practical experi- 
ence teaches is, that in order to obtain in a gear the minimum 
loss of power the teeth must not be cut in straight lines, but in 
a helical direction; in this way only can sliding friction, the 
chief cause of loss of power and of wear and tear, be reduced. 
The helical teeth possess also the quality of transmitting 
motion in a uniform manner without any variation of the im- 
pulse received by the driven gear, and for this reason the 
helical toothed wheels are the only ones deserving the name 
of “wheels of precision” and to be employed in rapidly running 
sets of gears. 

In the straight toothed wheels, the teeth come at once in 
contact, at the commencement of the locking process, over 
the full width of the gear 
with an initial pressure of 
about its full force. In the 
helical toothed gears the ac- 
tion is absolutely different; 
the power coming from the 
driving on the driven tooth 
gradually increases from 
zero to the maximum and 
diminishes again to zero. 
Consequently in a straight 
toothed wheel the whole 
amount of power acts on 
the top of the driven tooth 
and tends to break it with a 
lever-arm almost equal to 
the full height of the tooth; 
in spiral-toothed wheels, on 
the contrary the force reaches its maximum only after the 
lever arm has become much smaller; the strength of the 
spiral teeth is thus much greater than that of the straight 
teeth. For all of these reasons the spiral toothed wheels 
can transmit a much larger amount of power than the 
wheels with the same sized straight teeth and are, more- 
over, especially suited for very high speeds, such as are 
required for dynamos, electro-motors, ventilators, water 
wheels, etc. 

In spite of the great advantages offered by the single spiral- 
tocthed wheels, they are not convenient for the transmission 
of large quantities of power because they are subject to 
lateral pressure in the direction of the axis, this lateral pres- 
sure being in proportion to the power transmitted, consider- 
able power is thereby lost. To avoid this lateral pressure and 
its harmful consequences we can divide the wheel in two equal 
parts; these two parts being cut with spiral teeth of opposite 
direction. We thus obtain double-spiral, angular or arrow- 
teeth, in which this lateral pressure cannot occur, for then 


Fig. 1. Machine-cut Helical Gears. 
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the two opposite components balance each other. Conse- 
quently, in order to obtain in transmission of power the 
highest efficiency and perfect running, it is necessary that the 
teeth be carefully cut by machinery and have the shape of 
a double-spiral or arrow. 

This result, which has never been reached by any previously 
constructed machine, is now possible by the new machines 
built by Citroen, Hinstin & Co., Essones, France, for cutting 
cylindrical, conical and hyperbolical gears with double-spiral 
or arrow teeth. Previously all double-spiral gears have been 
cast and, although they present great advantages as a conse- 
quence of the shape of their teeth, they are far from possess- 
ing the advantages of wheels with spiral teeth cut by machin- 
ery. The patterns for 
these teeth cannot be 
made with accurate 
spiral surfaces which 
are prescribed by the- 
ory, aS molding would 
be very difficult, and 
the pattern could not be 
lifted from the sand. 
They are, therefore, 
made with obliquely 
placed teeth instead of 
with genuine and exact 
spiral teeth. The same 
difficulty in molding 
necessitates making 
these teeth with obtuse 
angles, and likewise the 
cutting machines here- 
tofore used could cut 
only teeth of slight in- 
clination, the lateral 
pressure being too great 
with teeth of greater inclination. In both cases it is impossi- 
ble to obtain very smooth running, which is a characteristic of 
the real spiral wheels. 

The new machines obviate all of the above difficulties and 
permit the accurate and automatic cutting of teeth in a spiral 
shape; they even render it possible to make spiral gears with 
multiple arrows (Fig. 1), which would previously have been 
considered impossible. The spiral teeth are cut with a single 
stroke and with absolute accuracy. The gears cut by these 
machines correspond exactly to the theoretical calculations 
and can be made in any size from the smallest to 80 inches in 
diameter, for the bevel gears, and 100 inches in diameter for 
the cylindrical gears. 


Fig. 2. Machine-cut Helical Bevel Gears. 


SUPERHEATED STEAM LOCOMOTIVES, SCHMIDT SYSTEM. 
Bulletin of the International Railway Congress, January, 1903. 


In view of the fact that the Prussian State Railway Admin- 
istration have ordered 39 superheated steam locomotives, 
Schmidt system, and that there are already 29 in use on the 
Prussian railways, making a total of 66 soon to be in use, the 
subject of superheated steam locomotives assumes a world- 
wide interest. The trial of superheated steam locomotives on 
such a large scale, indicates that the Prussian Railway admin- 
istrators are well satisfied with the economy and practicability 
of the system. While the system met with much opposition 
at the start the majority of Prussian locomotive builders are 
now convinced of its economy and practicability. They believe 


’ that its adoption will reduce all locomotives to one type, that 


is, the simple form opposed to the compound; also that there 
will not be so many classes required for different kinds of 
service. 

At the November 12, 1901, meeting of the Verein fur Hisen- 
bahnkunde Mr. Garbe read a paper on non-compound express 
locomotives with Schmidt superheaters. An abridged trans- 
lation of this paper was published in the Bulletin of the In- 
ternational Railway Congress, January, 1903, from which we 
quote in substance: 

To William Schmidt, Wilhelmshéhe, near Cassel, is given 


-eredit for having successfully applied the principle of super- 


heating to stationary engines, and it was at his instigation 
that Mr. Garbe, privy councillor for construction, Prussian 
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State Railways, decided to study the question of the use of 
superheated steam for locomotives. The results in stationary 
practice had shown that the power of a steam boiler could be 
increased 25 per cent. and more if the steam was superheated 
180 degrees F. over and above the temperature corresponding 
to the pressure of saturated steam. The remarkable phenom- 
enon was also observed that, unlike saturated steam, super- 
heated steam was a bad conductor of heat to such a degree 
that condensation was entirely avoided at ordinary short cut- 
offs. With saturated steam the loss from condensation often 
exceeds 30 per cent. It was quickly recognized these features 
would be of great advantage for locomotives as would allow a 
reversion to the simple type and still obtain better efficiency 
than is possible with the compound type, at the same time 
saving the complication and expense of the extra mechanism. 

Mr. Schmidt calls steam superheated when it is heated to a 
temperature of at least 572 degrees F., that is, to more than 
180 degrees F. over and above the temperature of saturated 
steam at the usual boiler pressures of from 140 to 170 pounds 
per square inch. Superheated steam at this temperature can 
be produced with a good apparatus with about 10 per cent. of 
the heat units developed in the firebox. The advantages are: 
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sures as low as 71 pounds, whereas the normal pressure is 
170 pounds. The range is apparent. With large cylinders on 
saturated steam locomotives, short cut-offs cause condensa- 
tion; short cylinders necessitate long cut-offs the moment the 
load exceeds a certain limit. It was shown in this way that 
the economical limits of power developed by the ordinary 
simple saturatéd steam engine, are very narrow, but for the 
superheated steam engine they are much broader. Hence the 
designer could adapt a locomotive to a much wider field of 
operation and make it possible for a railroad to do away with 
many of the locomotive classes now found absolutely necessary 
in economical railway operation. 

Let @ be the diameter of the cylinder, 7 length of stroke, 
D the diameter of the driving wheels, all in inches, and 7 
the adhesion weight in short tons, then the dimensions of 
superheated steam engines, are so proportioned that, 

at 
= from 3.64 to 3.78 


ID CAE 
The paper is accompanied with details of construction and 
performance sheets that should be of considerable value to 
those interested in the subject. In regard to the details it 
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1. The initial volume of steam is increased 25 Derecenta 2: 
No condensation takes place in the cylinder even with the 
shortest cut-offs at which it is possible to work ordinary valve 
gears consistent with good practice. The Schmidt super- 
heater is located in the smokebox, which has to be made 
somewhat larger than the diameter of the barrel to accommo- 
date the nests of tubes. It is claimed that the addition of the 
superheater does not cost $2,000 additional more than a com- 
pound engine of the same power when the two types are fairly 
compared, ete. 

The range of the superheated steam engine in the matter of 
power without impairing the economy was commented on. It 
was asserted that, provided the degree of superheat was suf- 
ficient, superheated steam at a pressure of say, 85 pounds, can 
give as economical results as saturated steam at 170 pounds. 
This being the case, it is possible to use cylinders of large 
diameters and to vary the steam pressure to the load without 
great loss of efficiency. The area of the piston should be such 
that with the superheater in action, the full power of the 
engine will be developed at cut-offs of 25 to 30 per cent. of the 
stroke. With a steam temperature of 572 degrees F. it is pos- 
sible to run without condensation in the cylinders with pres- 
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Schmidt Superheater for Locomotives. 


may be mentioned in this connection that after many experi- 
ments it was found that a simple three-ring piston of the so- 
called Swedish type, gave the best results. Finally the author 
announced that he had in collaboration with Mr. Schmidt, 
worked out the plans for four different types of superheated 
steam engines, that would be able to deal with every kind of 
traffic on the Prussian State Railways, which may be taken 
as an indication of the practical value of the innovation so 
far as reducing the number of locomotive classes. 


A NOVEL TRACTION ENGINE. 
Transport (London). November 28, 1902. DeoLze 


Longmans, Green & Co. have published a new book DYebse ds 
Diplock, entitled “A New System of Heavy Goods Transport 
on Common Roads.” The book is descriptive of a novel trac- 
tion engine which is the invention of Mr. Diplock. The new 
traction engine has been dubbed “pedrail” by its inventor 
because of the peculiar stepping action of the drivers. 

It is well known that the horse possesses a hauling power 
altogether out of proportion to its weight, and it is this the 
inventor has done his best to imitate, believing that the more 
nearly a mechanical tractive instrument on common roads 
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assimilates in principle to the structure of the horse the 
better will be the result. A horse puts down a foot, to which 
is attached a lever or leg, and the foot is mounted on an ankle- 
joint which enables it to twist to any reasonable angle to suit 
the surface of the road. To imitate this, Mr. Diplock, after 
many years’ experimenting, has succeeded in producing the 
“nedrail.” Practically, the “nedrail’” places feet on the ground, 
each foot supporting a roller on edge, and a short rail, support- 
ing the load, is levered along by the spokes over the rollers. 
Its general appearance is strikingly shown in Figs. 1 and 2. 
In an ordinary railway a rail is laid down and wheels are 
run over it: in the “pedrail,” wheels, or rollers, are laid down 
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K are provided to lead the rollers C under the rail D. The 
whole of the levers and springs mounted on the axle-box / 
come flat against the disc A so that the rollers O, which pro- 
ject from the disc A, are arranged round the guides K and 
rail D, as shown. 

The disc A carrying the spokes, rollers, and feet, revolves, 
but the axle-box J, with its dependent lever, guides, rail, and 
springs, does not revolve, with the result that a roller starting 
from, say, the top of the disc, strikes on the guide K, and 
gradually forces the sliding spoke outward, thereby enabling 
the foot to turn on its ankle-joint by its own weight as it comes 
down, and to drop with its flat surface on the road, the roller 


Figs. 1 and 2. The “Pedrail”—a Novel Traction Engine. 


and the rail is run over them. The sliding spoke represents 
the horse’s leg, or lever, and each leg is pivoted by an ankle 
pivot to its foot. Fig. 3 shows how the required conditions 
have been carried out. A is a disc keyed or fastened to the 
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driving axle; mounted on the disc are sixteen sliding spokes, 
and on the outer end of each spoke is a foot, B, pivoted by a 
ball and socket joint so that it can turn to any reasonable 
angle to suit the surface of the road. On one side of each 
spoke, and projecting beyond the disc, is a small wheel or 
roller, C. The spokes are drawn inward by springs (one to 
each spoke) on the other side of the disc, radiating from the 
center. These springs are not shown in the drawing. 
Mounted on the axle-box J is a rail D pivoted to a flat plate 
or guide H#, forming part of the axle-box. The pivot-of the rail 
is free to rise or fall in a slot F in the plate H. The rail D 
supports the engine or vehicle by two springs G pressing 
against a top lever, pivoted to the top of the axle-box J. The 
two inner springs J serve to steady the top lever. Two guides 


then passing under the rail as shown. The bottom of the rail 
is slightly arched, as shown by the dotted line, so that the 
varying height of the rollers caused by the spokes being 
sloped or upright is equalized and the soles of the feet present 
a uniform level surface to the road. By turning the railway 
upside down, the parts coming in contact with the road are 
broken up into a number of comparatively small feet, which 
can twist in varying directions as required. Previous at- 
tempts at endless railways have failed owing to the attempt 
to place the rail next the ground. The rail, presenting a long, 
cumbersome gurface to the road, did not lend or adapt itself 
to the varying inequalities of the road surface, thus causing 
breakages. 
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Fig. 4. 


Prof. Hele-Shaw reports that severe tests made of the “ped- 
rail’ were quite amazing in the results. The engine tested 
had two of the “pedrail’ wheels in front and two common 
traction engine wheels behind. The action was deseribed as 
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practically noiseless, the most of the noise coming from the 
common wheels. The engine surmounted stones, planks and 
other obstacles with surprising ease and mud appeared to be 
no bar to its easy progressive motion, the contrast between 
the action of the “pedrail’’ wheels and the others being most 
marked. The engine shown in the photograph was equipped 
with only two “pedrail’’ wheels for experimental purposes, but 
the results have been so satisfactory that the other pair will 
be provided at once. 


FRICTION OF BALL BEARINGS. 
Abstract from Paper read by Mr. M. J. Golden before the 

American Association for the Advancement of Science. 

Tests were made on hardened steel balls of); 0.25, 0.8, and 
0.5 inch diameter respectively at speeds varying from 200 to 
2,000 rotations per minute. It was found that at speeds ex- 
ceeding 2,000 rotations per minute, a shattering action was 
likely to occur in the bearing which quickly destroyed it. 
This action was especially noticeable at 5,000 rotations per 
minute, and above. The balls and races were destroyed by 
first becoming pitted, the pitting occurring in both. With 
heavy loads the balls failed by shearing into two parts. Any 
lubricant reduces the tendency to heat and shatter, but oil is 
better than grease. 

Calculations from the figures taken during the test gave 
the coefficient of friction to be 0.00475, or less than one-half 
of one per cent.; though in a few of the tests the figure was 
found to slightly exceed one-half of one per cent. The fric- 
tion was slightly greater with the smaller balls and at the 
higher speeds. 

The formula deduced was gotten from so small a range in 
the sizes of the balls, and the degree of hardness in both 
balls and races was so nearly uniform in all those used, that it 
is not given to be used as a general formula, and only for 
what it may be worth after comparison with other formulas. 
The balls and races are to be of steel, thoroughly hardened 
and accurately ground. 

Let the diameters be taken in inches, and the load in 
pounds: then ; 

D= diameter of the path of the balls on the races. 

d= diameter of the balls. 

L= load. 

F = friction. 


0.001 
F= L{0.005 + —— + 0.005 2) 
d 


WHEN IS AN ENGINE OVERLOADED? 
Engineer. February 2, 1903. p. 148. 


The editor remarks that engineers often complain that an 
engine is overloaded, and then pertinently asks: 

“Upon what basis are overloads generally measured or fig- 
ured? Is the extent of the overload determined with reference 
to a given point of cut-off, or a given number of horse power 
developed compared to the normal builder’s rating, or to the 
effect of the load on regulation, or to the tendency to heat 
at the pins and bearings? Or is it based on 2 combination of 
these conditions; and if so, to what extent does each of the 
several conditions enter into the calculation, or to what ex- 
tent are they taken into account when deciding questions of 
this kind?” 

The power of a given engine depends upon the mean effec- 
tive pressure and the piston speed; altering either, or both, 
changes the power developed. Some engines have carried so- 
called overloads with steam of a pressure so low that by doub- 
ling the pressure the engine would have been said to be 
underloaded. The question is, Where it is possible to thus 
increase the pressure, is the engine to be considered actually 
overloaded previous to the rise in pressure? If not, where is 
the dividing line between the pressures under which an engine 
is or is not to be considered overloaded? What is the proper 
piston speed to assume when figuring the horse power of an 
engine, and to determine the extent of overload, if any? 

There has been in time past a feeble attempt to standardize 
a method of computing the horse power of an engine; that is, 
the nominal or rated horse power. Certain builders have 
adopted one method, other builders have adopted other meth- 
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ods, and engineers as a rule have methods of their own. To 
say that an engine is overloaded conveys but little informa- 
tion. The term “relatively overloaded” is no better. Rela- 
tive to what? If there were a reasonable standard proposed, 
satisfactory to both builder and purchaser, there is little 
doubt but that it would be generally adopted, and we should 
hear less of overloaded engines, which are capable of carrying 
25 per cent. more load by the mere turn of the hand. It hap- 
pens oftentimes that the principal difficulties due to so-called 
overloads are traceable to a strenuous objection to running 
engines with more than the rated load. The lighter the load 
the easier it is to keep an engine in the habit of requiring 
little or no attention. 

[The overload of an engine from a commercial and legal 
standpoint, is, of course, any excess over the builder’s rating. 
An engine nominally rated at 100 horse power by the builder, 
is overloaded whenever it develops more than 100 horse power 
no matter if its proportions are so liberal that it can safely 
develop double the nominal rating. This, however, is only 
dodging the issue raised by the Engineer. An intelligent dis- 
cussion of the question should lead to the adoption by the 
American Society of Mechanical Engineers and the Engine 
Builders’ Association, of certain standard proportions and 
steam pressure as the basis of rating from which the normal 
safe load of steam engines can be calculated in a logical and 
scientific manner. The setting of such a standard should not 
be a difficult matter.—EDpITor. ] 


ELECTRIC SHOP DRIVES. 
Discussion before the Engineers’ Club of St. Lowis, January 
fG WR ee 

When electric shop drive was first advocated, the main ad- 
vantage claimed was a large increase in efficiency over the old 
methods of belt and rope transmission. Of late, however, 
another, and, in my opinion, a greater advantage appears in 
the opportunity for increased shop output, resulting from the 
ability to operate the individual electrically-driven tool con- 
tinuously at its maximum output. Shop managers are to-day 
keenly alive to the fact that, by means of electric drive, the 
output of individual tools may be easily doubled and sometimes 
trebled over that possible with the ordinary belt drive. 

It is fair to say the discussion of electric shop drive is no 
longer one of merit, as compared with the old methods of 
transmission, but rather one of relative merit of the various 
electrical methods proposed. It is claimed on the score of 
efficiency alone that the best electric methods of to-day show 
an efficiency of 70 per cent., as compared with 20 and 25 per 
cent. by the old systems. Adding to this the possibility of 
double or treble output, the greater advantage of electric shop 
drive is such as to mean its rapid adoption in all branches of 
manufacturing. 

Electric drive may be roughly classified under two headings 
—egroup and individual tool system. The former may be 
termed a compromise between the old and the best of the new. 

In its best adaptations, group drive is so arranged as to have 
various classes of machine tools subdivided into groups of 
from 6 to 10 tools, each group being operated by a single 
motor. By such arrangement, the efficiency of shop drive is 
increased, roughly speaking, from 25 to 50 per cent. ‘There 
is a further advantage over belt transmission from a single 
engine, in ability to operate any single group of tools entirely 
independent of the balance of the equipment. Independence 
of departments is fully secured by this means. A given group 
of tools may be completely shut down when not required, and 
a large loss of energy, otherwise unavoidable, cut off. This 
form of drive also permits of operation of any particular group 
of tools at night, with the main power plant shut down, pro- 
vided auxiliary central station connection is possible. 

The factory of the Wagner Electric Mfg. Co., of St. Louis, is 
one of a number of local examples of group electric drive. 
By means of reserve connection with outside central station 
service it is possible to run any special group of tools over- 
time, or all night, without operating the company’s isolated 
generating plant. 

Engineers agree, however, that the individual motor system 


* The reader is also referred to the system of the Crocker-Wheeler Co., 
described in the September, rooz, number,—EDITOR. 
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is the ideal one where variable speed service of tools is neces- 
sary or desirable. In the group system variable speed is 
impossible, and the individual tools must be regulated for 
speed variation through inherent or cone adjustment. 

Both group and individual drive systems may be arranged 
for either direct or alternating current motors. For all con- 
stant speed service the alternating current motor stands on an 
equal footing with the direct-current motor. In fact, by rea- 
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Fig. 1. 


Rheostatic Control. 


son of its greater flexibility and inexpensive maintenance, the 
alternating-current motor for such work has a material advan- 
tage. The disadvantage of the alternating-current motor 
appears for all service requiring frequent starting and stop- 
ping, and wide speed variation. No entirely satisfactory sys: 
tem has yet been evolved by which speed variation compar- 
able to that possible with the direct-current motor can be 
secured. 

The ideal alternating drive would be one having constant 
speed alternating-current motor, 
mechanical device, where necessary, by which a wide range 
of speed variation could be secured smoothly and simply. 
Mechanical engineers are working on this problem, and such 
a system may come. I have seen one striking example of it 
in the shops of the Lodge & Shipley Machine Tool Co., at 
Cincinnati, where their “speed variator”’ is used. 
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Fig. 2. Variation of Shunt Motor Capacity with Change of Speed Secured 
by Variation of Shunt Resistance. 


With alternating-current motor drive, shop lighting from 
the same mains feeding the motors is possible and convenient, 
while with the prevailing methods for variable direct-current 
motor drive the shop lighting system is practically entirely 
independent of the motor service system. 

The individual drive system may be generally classified 
under three headings: Rheostatic control systems; multi- 
voltage control, and special systems for special tools. 

In the rheostatic control system the motor is of the well- 
known shunt type, supplied from a constant potential system 
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of distribution. Speed variation above the normal speed of 
the motor is secured by the introduction of resistance into the 
motor shunt field circuit; speed variation below normal is 
secured by the introduction of resistance into the armature 
circuit. This is illustrated in diagrammatic form in Fig. 1. 

The disadvantages of the system are its inefficiency when 
armature resistance is made use of for speed reduction, and 
variation of speed on a given armature resistance with vari- 
ation of load. To overcome both disadvantages, motors have 
been designed capable of very wide variation in speed by vari- 
ation of field resistance. A well-known motor designer stated 
in a recent discussion before the American Institute of Elec- 
trical Engineers that he had designed and built a motor capa- 
ble of speed variation of one to three (simultaneous load 
variation not stated) on variation of field resistance alone. In 
the same discussion an equally well-known motor designer 
claimed that the normal motor was not capable of over 30 
per cent. increase in speed, under full load, by field resistance 
variation. 

I think general practice is to confine speed variation, by 
weakening the shunt field to 30 per cent., and any motor 
capable of greater variation can hardly be termed a standard 
motor. The limit of such variation is determined by commu- 
tator sparking. A motor of given capacity may be operated, 
of course, at much reduced capacity for speed variation of 10 
to 1. The reduction of capacity, with increase of speed, in this 
case, is illustrated by the curve, Fig. 2. This curve fairly repre- 
sents the variation in one of the best known makes of direct- 
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Fig. 83, Westinghouse Three-wire System for Variable Speed Control. 


current motors. For example, a 10 H. P. motor, operating 
normally at a speed of 200, will have an output of 1 H. P. only, 
at a speed of 2,000; speed variation being secured entirely by 
weakening of the shunt field. 


Multiple Voltage System. 


There are several of these systems. The Westinghouse and 
the General Electric Companies advocate a three-wire system, 
as illustrated in Fig. 3. Their usual direct-current generator 
is provided with a set of collector rings, these collector rings 
being connected to the armature winding in such a way as to 
establish an exact two-phase relation between the potentials 
of the two pairs of collector rings. By means of choking coils 
connected as shown, the neutral wire of the three-wire system 
is exactly and constantly maintained, irrespective of load, 
at zero potential relative to the outside wires. 

In connection with this three-wire system, the individual 
tool is equipped with a standard 250-volt shunt motor, and 
speed variation is secured in two ways: First, by running the 
armature either on 250 volts (normal speed condition); or 
by running it on 125 volts (half normal speed condition). 
For any speed desired between normal and half normal, shunt 
field resistance is introduced. If I understand the system 
correctly, the shunt motor is capable of 100 per cent. speed 
variation by variation of shunt resistance when the armature 
is on half voltage—and correspondingly at half load. If speed 
above normal full speed is required, shunt resistance is again 
introduced. 

The Bullock Electric Mfg. Co. advocate a system as illus- 
trated in Fig. 4. A generator, standard in every respect, is 
supplemented by a small motor-generator set, the design of 
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which is such that a four-wire system of distribution is estab- 
lished, providing for six different voltages upon which the 
motor armature may be operated without the use of armature 
resistance. The form of motor used is the standard shunt 
wound type. Without the use of field resistance, six speeds 
may be secured, corresponding in ratio to the ratio of the 
voltages supplied by the four-wire distribution system. By 
means of shunt resistance any speed intermediate to that 
possible with the several armature voltages may be secured. 
The motor generator set is so proportioned as to take eare of 
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Fig. 4. Bullock Electric Mfg. Co.’s Multiple Voltage System. 


the unbalanced load. This system is also adaptable to three- 
wire distribution, where less speed variation is required, and 
in the event of three-wire distribution an increased amount 
of field regulation is introduced. This three-wire distribution 
differs from the Westinghouse and General Electric system in 
that the voltages on the two sides of the intermediate wire 
differ, thus giving three distinct pressures instead of two. 
The Bullock system represents the multiple voltage idea 
carried to its fullest development, and is the extreme of pres- 
ent commercial systems, from the ordinary rheostatic control 
system. The difference between these systems, from the stand- 
point of efficiency, is illustrated in Fig. 5, as plotted from the 
test results on a 25 H. P. motor. 

Another form of variable speed equipment is advocated by 
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NEW NO. 3 MILLING MACHINE. 

The half-tone, Fig. 1, illustrates a new milling machine that 
has just been brought out by the R. K. LeBlond Machine Tool 
Company, Cincinnati, Ohio. The principal novelty of the 
machine is the use of double friction back gears. The advan- 
tages derived from this type of back gearing are: The cone 


Fig. 1. Le Blond No. 8 Universal Milling Machine. 


can be of better proportion than when single back gears are 
used; a greater number of spindle speeds can be obtained; 
higher belt speeds and better belt contact are obtainable, and 
the drive is twice as powerful as on the regular machine. 
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Fig. 5. Efficiency Curves, Multiple Voltage and 
Rheostatic Control Systems. 


the C. & C. Co., of New York City. In this case the motor is 
special, being provided with two entirely independent arma- 
ture windings. On normal speed operation the two armature 
windings are connected in parallel, the field winding being in 
shunt. For half speed the two windings are connected in 
series; intermediate and excess speeds are secured by a com- 
bination of armature and field resistances, 
* * * 

There is a general opinion that concrete is damaged by freez- 
ing; but it has been ascertained that concrete floor arches that 
have been frozen solid, thawed out, and frozen again, were in 
no way changed, but when finally thawed and dried out were 


as strong in every way, as far as could be determined, as those 
which were not frozen. 
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Fig. 2, Arrangement of Friction Back Gears. 


The construction of this back gear is shown very clearly by 
the drawing, Fig. 2. It consists of a ring, O, that is opened by 
the plug, D, the sides of which are tapering. This plug is 
forced up with a taper key H. The friction ring is made to snap 
tight on a spool, so that when released there is absolutely no 
friction on the gear, as the band comes tightly to its place 
on the spool. The wedge or key is carried by a yoke F, 
which in turn is operated by the lever G, shown at the side 
of the column. The special advantage of making the friction 
this way is that its power is multiplied a good many times 
before it reaches the spindle; since this friction merely 
drives the pinion on the back gear quill, which in turn drives 
the face gear. 
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Comparing the relative spindle power of a double back 
geared machine with that obtained by the ordinary four-step 
cone and single back geared machine, the large step of the 
spindle and countershaft cones being the same in both in- 
stances and both machines calculated to give a range of 
spindle speeds of from 12% to 362 revolutions per minute, 
we find that the countershaft on the double back geared ma- 
chine runs at 180 and 220 revolutions per minute, while on 
the single geared machine it runs at 135 and 166 revolutions 
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Fig. 3. 


per minute, thus giving the double geared machine a gain in 
countershaft speed, or power, of 33 and 30 per cent., re- 
spectively. 

The cone diameters on the double back geared machine are 
18, 1034 and 8% inches. On the single back geared machine 
they are 13, 10 13-16, 854 and 67-16 inches in diameter. This 
gives an increased diameter on the smallest cone step of the 
double back geared machine of 2% inches, amounting to 32 per 
cent. increased belt contact. 
small step of the countershaft cone. 

The relative belt speeds obtained are shown graphically in 
the diagram, Fig. 3. The broken line indicates those on the 
single geared, and the solid line on the double geared machine. 
It will be seen that when both machines are running at the 
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Fig. 4. End View of Feed Box. 


slowest speed of 12% R. P. M., the double back geared ma- 
chine has a cone belt velocity of 447 feet per minute, while 
the single back geared macnine has a velocity of 267 feet per 
minute, showing a gain for the double back geared machine 
of 70 per cent. in power. This proportion is maintained until 
we reach 35 R. P. M. when, engaging the low ratio of back 
gear, the. double back geared machine reduces the belt speed 
to about that of the single geared machine, from which point 
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the belt speed then increases in favor of the double back 
geared machine until at 75 R. P. M. there is a difference in 
the belt speed of 390 feet, or a gain of 150 per cent. When the 
machines are running on the open belt the double back geared 
machine has an increased belt speed varying from 70 to 200 
feet, as will be seen from the diagram. 

The ratio of the back gears is also much more favorable on 
the double back geared machine. Calculating the back gear 
ratio so as to give an even grade of speeds running in 
geometrical progression from 12% to 362 R. P. M., we get a 
back gear ratio of 3.3 and 10.34 on the double back geared 
machine, and 6.2 on the single back geared machine, amount- 
ing to an average increase of 74 per cent. in back gear power. 
Another advantage of the double back geared machine is that 
but one-third of the speed changes are obtained with the open 
pelt while on the single geared machine one-half of the changes 
are obtained in this way. With the countershaft and double 
friction back gears, four changes of speed are obtained with- 
out shifting a belt, a lever at the side of the column enabling 
the changes to be made without stopping the machine. When 
the cone drive is used the back gears can be thrown out of 
mesh the same as on any ordinary back geared machine. The 
cone and spindle drive are proportioned to give the correct 
cutting speed for eighteen different diameters of cutters, rang- 
ing in size from % to 15 inches, with a speed of from 12% to 
362 revolutions per minute. These cutter sizes are figured for 
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Fig. 5. Arrangement of Feed Gears. 


a cutting speed of 50 feet per minute, which, under ordinary 
conditions, is the rate at which cast iron can be milled on 
these machines. 

Another important new feature of these machines is the feed 
change box, an end view of which is shown in Bigs meee 
feeds are arranged in geometrical progression ranging from 
006 inch to .255 inch per revolution of the spindle. The 
box is composed strictly of spur gears, and the transmission 
from the spindle to the box is through spur gears. Any feed 
can be instantly obtained by the movement of a single lever, 
while an engraved plate attached to feed box indicates the 
feed obtained. The lower lever gives a fine and the upper 
lever a coarse graduation of feed. Each handle is entirely 
independent of the other and can be worked separately or in 
unison. With the upper lever in the first position we get 
all feeds from .006 inch to .036 inch, or the range generally 
used for direct cone drive. With the upper lever in the second 
position we get all feeds from .043 inch to .255 inch, or the 
feeds used when the spindle is back geared. 

The arrangement of the feed box gears will be clearly seen 
by reference to the diagram, Fig. 5. On the high spindle 
speeds and high feeds the drive is through pinion K. On slow 
speeds when heavy cuts are taken the feed is through gear J, 
increasing the feed and power of the feed box seven times. 
By meshing each of the gears on the lower cone with the 
gear I on the upper cone, and each of the gears on the upper 
cone with the gear A on the lower cone, eight changes of speed 
are obtained. By moving the gear K into mesh with the 
gear J, eight more changes are obtained. 
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A UNIQUE ITALIAN PUMP AND HOW ITS PHOTOGRAPH 
WAS OBTAINED. 
Editor MACHINERY: 

In the neighborhood of Naples and Pompeii as well as the 
region lying between them, each of the small farms or vege- 
table gardens is provided with a pump for irrigation. The 
form is unique and nearly the same in every case. The one 
illustrated is typical of them all. There is a broad, shallow 
well with a low wall in the front and extending back a short 
distance on the sides. The back part is arched over, and be- 
tween the front and back the walls are carried up high. 

One end of a horizontal wooden shaft rests on the highest 
part of the wall in a suitable bearing for allowing it to rotate. 
The other end of the shaft is supported by a cross-beam be- 
tween a stone pillar at one end, and a wooden post or another 
stone pillar at the other. A bucket-chain hangs over a chain- 
wheel on the shaft and down into the water. In the illustra- 
tion the buckets are of iron. They are suspended by two 
endless ropes. 

The place where the greatest variation from this particular 
form of pump occurs is in the buckets and their suspension 
member. In a few cases a broad band is used instead of the 
two ropes. This band is made of cloth or woven grass. The 
buckets used on this band are sometimes in the form of an 
Italian slipper with the high-heel removed—the kind of slipper 
that covers only the front of the foot and has a sole extending 
back to the heel. Other forms resemble more closely the 
baskets used by the American Indian squaw for carrying her 
papoose. These buckets are made up of wood, leather and 
grass or straw. Each bucket is attached to the band so that 
the toe, in the slipper form, is down on the water-carrying 
side, and on the down side of the band it is, of course, in- 
verted. When the chain-wheel is turned, the water carried 
up by the buckets is emptied out as they pass over the top 
of the wheel. It runs into a stone channel or canal on the 
top of the arch. The long back extension of the slipper- 
shaped bucket is for carrying the water well over into the 
canal. The latter extends out through the gardens as a stone 
structure with outlets along its sides that may be opened or 
shut at will. 

The device for driving the horizontal shaft is primitive in 
the extreme. A wooden pin gear on it engages with a crown 
gear on a vertical shaft. The teeth of the crown gear are 
mere wooden pins roughly rounded and sharpened almost to 
a point. The shaft of the crown gear rests on a large stone 
at the bottom, and the upper end is supported by the same 
beam that carries one end of the horizontal chain-wheel shaft. 

In only one pump out of some fifty or more that were seen 
was any other form of gears used. In this single exception 
there were cast-iron bevel gears of modern form. 

The motive power for pumping is furnished either by a man 
or woman, or by a small horse or donkey. Small holes for 
traces are provided in the two down projecting pieces near the 
end of the long driving arm. 

The securing of the photograph occupied a morning full of 
interesting occurrences. A great number of the pumps had 
been noticed the day before during a round trip between 
Naples and Pompeii on the 'steam railway. The speed of the 
train, which covered the twelve miles in an hour and a quar- 
ter, was not too high to permit rather close inspection of 
objects along the way, including pumps and wells. The latter 
two were so interesting that a decision was made to secure a 
photograph the next day, if possible. Accordingly, a horse 
street car was boarded in the morning on a line leading from 
Naples toward Pompeii. A lookout was kept between the 
houses for near gardens. The speed of this car, with its div 
minutive horses, allowed this very satisfactorily. Finally, 
at Portici, gardens were seen, so the car was halted. Upon 
our starting to alight, one of the horribly deformed, but won- 
derfully agile beggars so common in Italy, noticed that his 
legitimate prey, foreigners, was at hand. This particular 
pest had one leg bound up before him across his chest. Other- 
wise he appeared strong and healthy. He traveled on one 
foot and two hands. The street was wide and the pavement 
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was covered half an inch deep with filth of the consistency of 
mortar. But he came from the curb to the car with great 
speed and placed himself immediately before the step, so 
that it was impossible to get off without stepping against him. 
This was highly undesirable on account of the condition of 
his clothes. Having learned the importunateness and per- 
sistency of his class, a quick turn was made to the opposite 
side of the platform. But he made the change of position to 
the other step with the quickness of an active dog, and was 
there in time to receive his victims. A vigorous intimation 
that the point of an umbrella would be used if he did not 
move aside, persuaded him to grant free passage. 

A large macaroni factory occupied one side of the street 
leading back to the fields. In front of it the sidewalk, on the 
main street, was filled with the newly-made food hung out 
to dry. Cane poles resting on wooden horses formed the neces- 
sary supports. These poles were some three feet from the 
ground, and close together. The moist macaroni hung down 
nearly to the ground. Swarms of flies were sampling the 
goods and disporting themselves over it. No dogs were tast- 
ing it at the instant, but some were in the immediate neigh- 
borhood. The suspended strings act well as a flybrush for 
a dog passing through them, and the moist tubes must tempt 
his taste. The whole was not conducive to a relish of Italian 
macaroni. 


A Unique Italian Pump. 


The side street was paved as far back as the rear of the 
macaroni factory; and it also had curbing and sidewalks. 
One of the walks was deep mud. The other was not bad, 
comparatively, in this feature, and was fairly safe in daylight 
when a sharp lookout before was kept. But it would be wiser 
to wade in the mud at night, than to take the risk of falling 
into one of the numerous and large, deep holes with which 
it was well supplied. There was a large sewer under the 
walk, with numerous manholes. These were square and 
nearly two feet both ways in the opening. The frame and 
cover were both of stone. The cover was thick and heavy. 
They were all there, but had been dropped through the open- 
ing into the sewer, possibly for safekeeping. In that position 
they prevented too swift a current with its probable danger 
to the walls. The adoption of a square manhole for such a 
purpose and construction is an indication of the good engi- 
neering that prevails in the country, except the extreme north- 
ern part. 

The street improvements stopped short at the rear end of 
the factory. Here the street dropped abruptly down a few 
feet and became mere ridges of mud. 

A path leads from here to the pump, and a peasant girl 
was at work near this path, who graciously agreed to having 
the pump photographed as scon as our wants were made 
known. By the time the most suitable point of view was 
determined, five other persons had arrived on the spot—the 
man at the pump, a younger man, and three Italian maids. 
They were all much interested and pleased by the tiny image 
of the pump in the finder of the camera. Two looks apiece 
were necessary to gratify them. Then they insisted that we 
must see the pump operating. It had been wet weather for 
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some time, so the pump had been idle. An end of a clothes- 
line had been tied to one of the pins in the crown. This line 
was very long and filled with fresh washed white clothes 
except a short portion between the pin and a tree close to the 
line. The line had to be loosened in order to turn the pump. 
So all Italian hands set to work to transfer the fastening from 
the pin to the trees. This was done in what seemed a very 
neat and satisfactory manner, and the work was proceeding 
smoothly, when suddenly there arose a loud and angry clatter 
at the opposite end of the line where it was attached to a 
house. A glance in that direction showed about half the 
clothes lying flat on the newly upturned earth. A prop had 
fallen during the process of transition ef the anchorage. An 
old woman was approaching, shaking her fist at the party, and 
pronouncing anything but blessings upon their heads. The 
photograph of the pump was taken immediately after. 

There was but little time left for returning to Naples and 
catching a train to Rome. So the amateur photographers 
made haste to depart. Arriving again at the main street, no 
car could be seen. A one-horse carriage (vetture) was at 
hand, however. It might more truly be called a halt-horse 
carriage, the horse is so small. The driver cheerfully agreed 
to take the two of us home, a distance of more than six miles, 
for one lira (twenty cents}. lt took him an hour and a 
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AN ENGLISH LOCOMOTIVE FRAME-PLATE 
SLOTTING MACHINE. 


The illustration presented herewith shows a very inter- 
esting machine of English construction that is used for slot 
ting and drilling locomotive frame-plates. It is usually fitted 
with an electric motor-driven countershaft and takes about 
25-horse power in ordinary working conditions. The bed 
and table are of box pattern, planed on the top and sides 
and provided with suitable bolt slots. The cross slide and 
uprights or heads are also of box pattern cast in one piece. 
They are planed and fitted to the bed and arranged, with 
hand and variable self-acting feed along the bed by means 
of cam levers, cut change wheels, miter wheels, revolving 
gun metal nuts and two square thread steel screws of large 
diameter. One of these is on each side of the bed supported 
at intervals by tumbler bearings. The longitudinal and 
transverse feed can be worked separately, or the two coupled, 
by swing frame and change wheels, giving a self-acting 
diagonal transverse for slotting outside the axle box horns 
and cylinder seatings. 

The planed carriage is fitted to cross slide with hand and 
variable self-acting feed across the bed. The front face is 
fitted with a balanced vertical ram or tool slide adjustable 
vertically by means of a hand wheel, square thread screw 
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Machine for Slotting and Drilling Locomotive Frame-plates. 


quarter to do it, traveling faster than the ordinary Neapolitan 
vehicle of the same class. He was satisfied with the lira 
when it was given him at the end of the journey, and saluted 
politely without even a hint of a fee for a drink. But his 
fares were American, and could aot see him go with this 
absurdly small sum for the service, as most of his own coun- 
trymen would undoubtedly have done. Ho had guided his nag 
carefully around the nunercus holes and pitfalls in the way, 
by judicious use of the reins and tiny crossbar over the nose 
of his tiny beast. 

None of the horses for this public service has a bit in its 
mouth in Naples. Nothing is placed in the mouth. A metal 
bridge, usually brass, passes over the bridge of the nose, a 
considerable distance up from the end. It is something of the 
nature of the bridge of a pair of spectacles. The head harness 
is something like a halter, with this bridge in place of the 
nose strap. A six to eight-inch bar extension is on each end 
of the bridge. These stick out on each side of the horse’s 
head, and the reins are attached to their extremities. ‘The 
animals are so small that they can be readily controlled with 
this harness. ForrREST R. JONES. 

Manchester, England, 


and gun metal nut with locking bolt. The front face is pro- 
vided with T slots, tool-holders and a removable self-acting tool 
box for slotting radii. The length of stroke is 14 inches, and 
there are three heads on the machine tool shown. The length 
of the bed over all is 36 feet and the total width 6 feet 1 in., 
while the width between the uprights is 5 feet 1 in. and 
34. feet is the length of the plates that can be slotted. The 
width of the plates which can be slotted is 5 feet and the 
height from the face of table to the underside of cross slide 
is 2 feet 6 inches. 

The driving is by means of a three-cone pulley of large 
diameter for wide belt of high velocity. There are two pairs 
of bevel gears, spur gear and link motion giving quick return 
stroke. Each head can be started and stopped independently 
by means of friction clutch coupling operated by a lever 
attached to the upright. 

The diameter of the steel spindles for drilling is 2% inches 
and the machine is designed to bore in diameter up to 10 
inches and in depth up to 15 inches. The drilling, tapping 
and studding attachment is fitted to the back of each cross 
slide, consisting of cross slide planed to receive spindle slide 
or carriage, adjustable transversely by hand wheel, pinion 
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and rack. The hard steel, balanced spindle slides in cast 
iron sleeve which revolves in conical bearings, having lock 
nuts and friction washers for taking up the wear. It is 
driven from the slotting machine cone pulley by single and 
treble gear, which are placed in the spindle slide, thus giving 
off the power direct to the spindle. There is a clutch reverse 
motion for tapping and studding, with quick hand reverse 
for running the spindle to and from its work. 

The feed motion of this tool is self-acting and variable by 
a three-speed cone pulley, double worm wheel and cut steel 
pinion and rack. There is also an instantaneous disengaging 
motion and hand feed. The screw keys necessary for working 
parts of the machine are made of mild steel case-hardened. 
The top driving apparatus comprises hangers, cone pulley, 
tight and loose pulleys, strap bar and forks. The screws and 
shafts are of steel and the working nuts of gun metal, while 
the working pins, joints, nuts and washers are case-hardened. 
This machine was built at the Ancoats Works of John Heth- 
erington & Sons, Ltd., of Manchester. 
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AN ENVELOPE FOLDING MACHINE. 

The machine illustrated below is one of a class of machines 
that help to turn out the enormous quantities of envelopes 
that are used all over this country annually. This photo- 
graph, which was obtained through the kindness of Mr. 
IF’, B. Powers, Springfield, Mass., was built for making the 
seed pouches that are used by the seed dealers, and is simpler 
and less elaborate than the machines used for producing the 
commercial envelope. The machine is practically automatic, 
but requires the services of an attendant whose duty it is to 
watch every motion of the machine and to supply it with 
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paper blanks and gum whenever needed. The tender also 
boxes the bags after they have been counted by the machine. 

The paper blanks are cut out by a knife, of the proper 
shape, under a powerful press which produces about 500 
sheets at one cutting. These blanks are placed upon an 
elevator table by which they are fed to the machine as they 
are needed. Suitably gummed pickers take the top sheet from 
the feed table and drop it onto the carriers which convey it 
to the creasing box and thence down to the folders which 
fold the blank on a trap door arrangement. From here 
the folded blank is dropped onto a conveying chain, composed 
of specially-shaped links which hold the envelope in proper 
position for the gummed flap to dry. From this chain, ata 
given point, the packets are dropped into the delivery box 
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and counted in packages of the number desired, usually 25 
in each package. 

The rate of production of these machines is about 110 bags 
or envelopes per minute, which would amount to 66,000 per 
day of ten hours. In all such machines there is, however, a 
percentage of loss in production but 60,000 per day is usually 
expected when the machine is in good order. 

F. W. CLoucH. 
* * * 


A CRANKPIN TURNING MACHINE. 

One of the most difficult jobs in connection with steam 
engine repair work is that of re-turning large crankpins, 
since it is unpractical to remove them from the disks and 
the turning must be done in place. The cut illustrates a 
machine that is designed for this sort of work and is capabie 
of turning a crank pin up to 15 inches in diameter and 12 
inches long. The machine is placed over the pin with the 
center, shown at the right hand side, fitting the female center 
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Machine for Turning Crankpins. 


in the end of the crankpin. The four radial screws at the 
outer end of the machine are then used to adjust it properly 
in line with the pin, after which it is clamped to the crank 
by bolts and the adjusting screws are backed off out of the 
way of the cutter. In some pins the outer end has a tapped 
hole, used for bolting on a cap, and when used with such 
pins the cenier shown in the cut is replaced by a rod and 
bushing whict fit the tapped hole. The end of the rod pro- 
jects from the senter of the outer end of the machine and 
is clamped there by a split hub. 

The cutter-head, carrying the turning tools, is held in an 
annular ring’which revolves in a traveling head frame. On 
the back of the ring is cut a gear so that it may be driven by 
a pinion connected to the driving shaft. Upon this shaft may 
be mounted a pulley or grooved sheave so that the machine 
can be driven from any convenient belt or rope drive. Upon 
opposite sides of the frame that carries the cutter-head are 
two feed screws which are connected at the top by suitable 
gears meshing with the feed gears, on the driving shaft, and 
thus providing for automatic feed. When finishing fillets, 
at the top or bottom of a pin, the automatic feed may be dis- 
connected and the head fed by means of a crank applied to 
the end of one of the feed screws. The machine is the 
product of H. B. Underwood and Co., Philadelphia, Pa. 

* * * 


It is estimated that 110,000,000 railroad ties were used in 
this country the past year. One firm has contracts for ties 
extending over a period of eight years and will cut timber 
every year off 300 square miles of land. From these figures 
some idea can be had of the quantity of timber used in this 
country for railroad ties, and also of the importance of some 
method both for preserving the ties against decay and _ pre- 
venting the rails from cutting into and destroying them. 
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LETTERS UPON PRACTICAL SUBJECTS. 


ROUGHING AND FINISHING GEARS SIMUL- 
TANEOUSLY. 


Editor MACHINERY: 

Having a large number of steel gears to cut on an ordinary 
horizontal milling machine and an accurate job being re- 
quired, I decided to take both a roughing and finishing cut; 
as it is well known that a single cut in steel does not leave the 
teeth in very smooth condition. As time was an important 
element in the job it was arranged to take these two cuts 
simultaneously, thus saving the time that would be necessary 
to index the gears around twice. 

To do this the roughing cutter was first put onto the arbor 
with the collar 0, Fig. 1, on the inside. This collar was just 
1% inches wide. Then one space was cut with this cutter 
alone, set to cut .015 inch less than full depth of the tooth. 
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Fig.2 


Fig. 1 


Roughing and Finishing Gear Teeth. 


This cutter was then taken off and the 1% inch collar re- 
moved. In its place the roughing cutter was put on with 
two collars A and B, whose combined thickness together with 
that of the cutter equalled 1144 inches. The collar A was of 
such thickness that the roughing cutter would come in the 
center of the tooth space, as shown by the dotted lines in Fig. 
2. The finishing cutter was then put in place, the table 
raised .015, and the finishing cut taken through the space 
that had previously been roughed out. While this was being 
done by the finishing cutter, the roughing cutter was stock- 
ing out the next space at the right. Once started as above 
described, the gears were cut exactly the same as when using 
a single cutter and the result, in obtaining smoothly-finished 
gears, was most satisfactory. R. A. LACHMANN. 
Chicago, [1]. 


NOTES ON SHOP FLOORING. 
Editor MACHINERY: 

Having read with much interest Mr. Perrigo’s article in the 
February number of Macwinery, upon the subject of shop 
floors, I would call attention to a style of floor.that he does 
not mention, but one which has proved very satisfactory in 
many places where it is known to have been in use for a long 
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Section of Shop Floor. 


time. It consists of a foundation of sand or cinders to a 
depth of from 8 to 12 inches, depending upon the condition of 
the earth, which is finished off at a depth of 11 inches below 
the floor grade. Upon this are placed 4 x 6-inch sills or 
nailing strips, blocked up until level, with the under edge 
raised 2 inches from the sand or cinders. Between and under 
these sills is tamped a concrete composed of eight parts 


crushed stone or screened gravel, four parts sand, and one 
part natural (Louisville) cement. This fills as near to the 
top of the sills as possible but should not project above them. 
Upon this, after about 12 hours’ drying, is spread a rather 
thin layer of mortar, or grout, composed of one part natural 
cement to two parts sand. This is struck off flush with the 
top of the sills, upon which the sub-floor is laid. This floor 
ig made of 2 x 6-inch dressed and matched pine, well spiked 
into place before the grout has become dried. In the pres- 
ence of dampness, where rotting is feared, a bed of hot tar 
may be placed upon the concrete before laying the sub-floor. 

After the machinery has been placed a flooring of 7g-inch 
maple, dressed and matched, 8 inches wide, is nailed diagonal- 
ly on top of the sub-floor. This maple can be obtained for 
about $18 or $20 per thousand by taking the short lengths and 
pieces that are off color, but which are just as good as any 
for this purpose. The resulting floor is very satisfactory, 
being easy to truck upon and neither splintering like pine 
nor crushing like concrete and there is no danger from fire, 
as in the floor laid on joists with ventilation below. When 
the maple wears out it can be easily renewed, the floor is 
easy to keep clean, and what is of prime importance—it is 
cheap to construct, as the cost is about 10 cents per square 
foot after grading. 

For a “scaffold,” or cupola floor, I have found rolled steel 
plates with the raised diamond pattern to be very much bet- 
ter than the cast iron plates. These can be obtained in widths 
up to 40 inches and in lengths to 16 feet. Although their 
first cost is a little more than the cast iron plates, they are 
more reliable and wear much better. They should be laid 
and riveted to steel beams. Cod. M. 


—_—_——_ 


A SAFETY TAPPING ARRANGEMENT. 
Editor MACHINERY: 

Having tried a great many devices for tapping small holes 
and found that they all require more or less skill in their 
operation, and even with a skillful operator taps were fre- 
quently broken, I have made the little tapping machine that 
is shown in Fig. 1, and find it very effective. With it, it is 
practically impossible to break the taps no matter how small 
and delicate they may be, while no skill whatever is required 
to use it. The machine consists simply of two gears, having 
a ratio of about 4 or 6 to 1, according to the size of the tap. 
The gear is rhounted on an outboard bearing and meshes with 
the pinion which is fastened to the end of the shaft carrying 
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A Safety Tapping Device. 


the tap in a small chuck. A handle is fitted to the driving 
gear, and it has been found that the operator has not suffi- 
cient strength to break the tap by turning on the handle. If 
the taps used are very delicate it may be necessary to increase 
the gear ratio to 8 to 1, or more, but a point will soon be 
found where it will be impossible to break the taps. I have 
found this device to work very satisfactorily for tapping No. 
1-60 holes in brass, which is considered an unusually severe 
test on a tap. 

The taps, which are made as shown in Fig. 2, have a slight 
taper each way leaving only a short distance of their length 
the full size. The object of tapering the rear end is to re- 
lieve the strain on the tap and still have sufficient thread to 
feed it back if it is run way through the hole. In making the 
flutes I leave the threads quite narrow and back them off so 
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as to leave very sharp cutting edges. Of course a tap made 

in this way will not last as long as one made in the usual 

manner, but it will do much better work with less danger 

of breaking. F. G. DAVIDSON. 
Brooklyn, N. Y. 


A HANDY DRILLING FIXTURE. 
Editor MACHINERY: 

In a shop in which I was once employed we had in use a V- 
block which proved to be of the greatest convenience for 
drilling shafts, spindles or other round pieces. The base A 
was dovetailed and fitted with a lead screw which moved the 
slide B in and out under the drilling arm. Upon this slide 
was mounted the adjustable V-block C, which could be tipped 
at any desired angle for oblique drilling or set perpendicularly 
to hold the shafts in position for end drilling. The adjustable 
stud D was placed under the outer end of the block to hold it 
firmly in any set position. The drill arm H was adjustable 
up and down, for different sized shafts, and was supplied with 
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Adjustable Drilling Fixture. 


a complete set of bushings for use with drills of different 
diameters. When mortising spindles for facers, boring bars, 
etc., the work was clamped into the V with the clamp F, 
shown in Fig. 2, then, after the first hole had been drilled, 
the slide was moved along for a distance equal to the diameter 
of the drill and the next hole drilled, and so on. By this 
method any number of holes could be drilled in perfect line 
and always through the center of the bar. By the use of a 
stop clamped across the end of the slide, the attachment 
formed a jig which could be used for a great variety of dupli- 
‘cate drilling. Roy W. Harris. 
Salem, Ohio. 


PUNCH AND DIE FOR PERFORMING SIX 
OPERATIONS SIMULTANEOUSLY. 
Hditor MACHINERY: 

A very interesting job of punch and die work which recently 
came to my notice was the production of small metallic caps 
‘such as are shown at H in Fig. 1. These were made from 
brass about .032 inch in thickness and to produce a finished 
cap six operations were required. The punch and die by 
which they were made were so arranged as to perform all six 
operations simultaneously and thus turn out a finished cap 
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Fig. 1. The Work as Punched. 


at each stroke of the press. Fig. 2 shows the combined blank- 
ing and drawing punch, the letters on each punch correspond- 
ing with the primed letters used in Fig. 1, to denote the 
different operations. Fig. 8 shows the die in section and 
plan. 

The strip of stock is fed under the punches A, A, and the 
end of it is cut by the front end of the punches into the semi- 
circular form shown at A’, Fig. 1. For the second operation 
this round end of the strip is pushed ahead until the points 
G’, G, come against the pins G, @ (Fig. 3) which are set in 
tthe face of the die. This locates the blank in position for 
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the first drawing which is performed by the punch B. At 
the same time that the drawing is being done, the punches 
A, A, are cutting the next section so that it may be gaged by 
the pins G G@. To insure these punches cutting all the stock 
around the semi-circle, each side is extended 1-32 inch beyond 
the center of the circle so that the cuts overlap. All of the 
stock which they remove is pushed through the die and 
falls to the floor or into a scrap box. 


Industrial Press, N.Y, 
Fig. 2. Punch for six Simultaneous Operations. 


The next two strokes of the press continue the drawing 
as shown at CO’ and D’, after which the cap is ready to be 
punched. This is done by the punch #, which is provided 
with an additional stripper M to prevent the punch from 
sticking to the cap, and raising it from the die, on the return 
stroke. The die K, is made of a hardened steel ring that 
is fitted snugly in its seat and is held in place by the ring 
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Fig. 3. Die for six Simultaneous Operations. 


L; both rings being easily removed when it is necessary to 
grind the die. The last operation which is performed by 
the punch Ff, consists in cutting the now completed cap from 
the strip of stock. From this operation the finished cap falls, 
through the bottom of the die, into a box; while the refuse 
stock issues from the machine in a string of rings as 
shown at F’. TOOLMAKER, 


WHERE SHALL THE BREAK COME? 
Editor MACHINERY: 

There is one point in the design of any machine tool or 
mechanical construction that is often, if not generally, neg- 
lected. This is the consideration of making one place or 
piece in the construction of much less strength than the other 
parts. Every machine is liable, at some time or other, to be 
subjected to a shock or load that is far in excess of any for 
which it was designed. When this occurs something will 
have to break and it seems that it is just as much a part of 
good designing to provide for this breaking point as for any 
other feature in the design. If, after the parts of the machine 
are calculated for all allowable ioads, a factor of safety is 
added for excessive loading, one part should be given a much 
lower margin of safety than the others, and this part should 
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be one which will be the least expensive and cause the least 
delay in replacing. One or two cases that have lately come 
to the writer’s notice will serve to illustrate the importance 
of this point in machine designing. 

The first case was that of two power presses, of the beam 
type, both of which were broken at about the same time. 
The break in both cases was caused by the die slipping out 
of place so that the punch came down onto the hard steel 
surface. It could not punch this, and as the presses had power- 
ful drives something had to break. In the first press all the 
castings had been made strong enough for all ordinary pur- 
poses, and in order to make the press amply strong the con- 
nection pins had been made of unnecessary size. The conse- 
quence was that when the trouble came the frame was broken 
and the press was ruined. In the other case the connection 
pins, or one of them at least, was made only strong enough 
to stand a very slight overload, and when the accident hap- 
pened one of these pins was immediately broken. It was a 
matter of less than an hour’s work to replace this pin and 
the press was just aS good as new. 

Another case came to notice when designing a large spur 
gear and pinion. The design, as first proposed, called for a 
cast iron gear and a steel pinion, and had the gear been 
designed to stand the required load the steel pinion would 
have been of about equal strength. In small tool designing 
this would have been considered very good practice but in 
this case it was considered advisable to reverse the arrange- 
ment somewhat. The pinion was made of cast iron and de- 
signed with a comparatively low factor of safety for the max- 
imum load. The gear was also of cast iron but, having the 
same pitch and face, was consequently capable of carrying a 
much heavier load than the pinion. The combination as now 
installed provides for the worst possible accident to be the 
breaking of a small pinion, thereby saving the gear, which 
is 18 feet in diameter, and worth many times the value of the 
pinion. Gro. FROST. 
PUNCH AND DIE FOR FORMING RING OR TUBE 

IN TWO OPERATIONS. 


Editor MACHINERY: 

The accompanying sketches show the punches and dies that 
are used for making rings or tubes in but two operations. In 
usual practice this class of work requires three operations 
and the saving of one of these amounts to quite an item in 
time and expense. 


CAST IRON HOLDER 


S 
STOCK AFTER __\\ 
PUNCHING a 

pie} B 
E | E 

DIE} B 
Tt I 
ee ; = 
Zi A 2 
S sew 

Industrial Pross, N.Y. 
Fig. 1. First Operation for Forming the Ring. 


The first operation is performed with the die shown in 
the cut, Fig. 1. Most diemakers insist that this die should be 
made out of a solid piece of steel, but I have made a number 
of dies in the way shown and they have all given perfect sat- 
isfaction. A is the cast iron holder having the opening F. 
The die consists of the pieces BB, which are simply two strips 
of steel, hardened and ground, that are kept in proper position 
by the cast iron spacers HH. Both dies and spacers are firmly 
clamped by two set screws SS. The spacers may be placed 
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at any distance apart that the length of the die allows and 
thus a die can be formed for a ring 14 inch wide or a tube 6 
inches long. The action of this die will be clearly seen by 
reference to the cut. The stock, which is cut to length, is 
placed against the gage plate H, then the punch descends and 
pushes it through the die until it passes the points GG, which 
act as strippers on the return stroke. 


HOLDER 
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Fig. 2. Second Operation for Forming the Ring. 


The second operation is accomplished with the very simple 
punch and die, shown in Fig. 2, which completely finishes the 
ring and thus dispenses with a third operation. After the 
blank leaves the first die it is in the shape of a U. ‘The 
hottom of this is placed in the die, and as the punch descends 
the bevel, touching the upper edges of the U, gives them the 
required bend for entering the semicircle in the punch. The 
ring or tube is completed when the punch is at the end of the 
stroke. (Ge IBLE 


MAKING A HOLLOW SPINDLE LATHE. 
Editor MACHINERY: 

Every machinist knows the advantages which the hollow 
spindle lathe of to-day has over the old-fashioned lathe with 
solid spindle. In our shop we were in need of another hollow 
spindle lathe for a job upon which we were working, and as we 
had enough of these lathes for all ordinary work, we did not 
want to purchase a new one especially for this job. We had 
a solid spindle lathe that was in every other way suited to 
the work, so I undertook to transform it into a hollow spindle 
lathe in the following manner: 

I first took the spindle out of the headstock and put it 
into another lathe on the head center and the steady rest. 
A hole was drilled about half way through it, from the back 
end, and a thread cut for a short distance on this end. It 
was then replaced in the headstock on the old lathe and a 
hole drilled in from the front end to meet that «which was 
drilled before. Of course the two holes did not meet exactly, 
so an extension boring bar was used, and the full-sized hole 
drilled completely through the spindle. In place of the ad- 
justing screw, on the end of the spindle, a washer about one- 
half inch was bored and threaded to fit the thread that had 
previously been cut on the end of the spindle. Spanner holes 
were drilled on the periphery of this washer so that it could 
be screwed up for adjustment, and the lathe was ready for 
use. RoBert B. OTIS. 

Orange, Conn. 

AN AUTOMATIC MILLING MACHINE 
ATTACHMENT. 


Editor MACHINERY: 

The accompanying cuts illustrate a milling attachment that 
was made for automatically milling and indexing certain 
pieces of work, and while it may yet be farther improved it 
has so far proved very satisfactory for any of the work 
that it has had to do. Formerly an independent fixture was 
required for holding each piece of work to be milled, and one 
man or boy was required to tend each machine. With three 
or four of these automatic attachments an unlimited variety 
of work can be accomplished, and but one workman will be re- 
quired to attend to the four machines. All that is necessary 
is to have a set of cams for each piece of work that is to be 
milled on the fixture. A variety of pieces of work that can 
be milled in this way is shown in Fig. 1, and in the illustra- 
tion of the machine it is cammed for the piece that is marked 
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A in this figure. This piece, which is of steel, is 1 inch long 
and 1% inches in diameter; it has a %-inch hole and twenty- 
four 60-degree teeth. This piece formerly gave considerable 
trouble, when it was milled with an ordinary fixture, as the 
bottom of the 60-degree cut was required to be as sharp as 
possible. With the old fixtures the operator used often to 
strike the work too suddenly, when starting a new cut, and 
in consequence the sharp points of the cutter were broken off 
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slack side of the chain by the spring W. The sprocket C0, 
having on its hub the clutch #, runs loose on the driving 
shaft. The clutch F is a sliding fit on this shaft and has a 
keyway which slides on a key fixed in the shaft so that when 
F is in contact with # the shaft is made to rotate. 

Upon the outer end of the driving shaft is the worm Ts 
which drives the worm wheel of 41 teeth that is keyed to the 
cam-shaft. The milling machine spindle runs at 248 revolu- 
tions per minute; this speed is reduced to 124 by the sprocket 
ratio, and this further reduced, by the worm ratio, to a speed 
of about 3 revolutions per minute for the cam-shaft, a ratio 
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Fig. 1. Some of the Work Milled with Automatic Attachment. 


and much delay caused by replacing the cutter and 
resetting the fixture. This led to the design of the 
automatic fixture and it proved so effective for this 


work that it was consigned to many other pieces, 
thus becoming a universal tool. 


The three views of the attachment, shown in Fig. 2, will 
serve to make plain its construction and means of operation. 
It is placed upon the platen of the milling machine to which 
it is firmly clamped by means of the two bolts VY. The driv- 
ing mechanism consists of a 14-inch chain running from the 
12-tooth sprocket, B, which is screwed on the spindle of the 
milling machine, to the 24-tooth sprocket on the driving shaft 
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Fig. 3. Detail of the Cams. 


of the fixture. As it is necessary for the operator to run the 
platen away from the cutter a few inches when changing his 
work a stop is placed on the machine so that the platen can 
be brought back to its proper position before the cut is 
started. The extra length of chain that is therefore required 
is kept at the proper tension by means of the 8-tooth idler D, 
mounted upon a swinging arm, which is held against the 


Fig. 2. Automatic Milling Machine Attachment. 


between the milling machine spindle and the cam-shaft of 
about 83 to 1. In other words with the milling machine run- 
ning 248 revolutions per minute a cut is made upon the work 
every 20 seconds. When setting the fixture for shorter cuts 
a larger sprocket is placed on the milling machine spindle or 
a smaller one on the fixture so that the speed of the cam 
shaft will be greater. We have 12, 14, and 16-tooth sprockets 
to fit the spindle and 24, 20, 16 and 12-tooth sprockets to fit 
the fixture, so that we can obtain satisfactory speeds for all 
the pieces which we have to mill. 

Upon the cam-shaft will be seen a pair of miter gears J, 
which are used to drive the shaft carrying the cam K, at the 
Same speed as the main cam-shaft. This cam, which is shown 
in detail in Fig. 3, imparts the backward-and-forward motion 
to the indexing head, L, which is dovetailed and gibbed to 
slide upon the base of the fixture. A spiral spring, not shown 
in the drawing, keeps the head always in contact with this 
cam. The throw of the cam is determined by the length of 
the slot or groove that is to be milled and the angle a is 
such that the cam finger 7 will drop back without jar and 
allow the head to slide back with a quick and easy motion. 

Next, upon the cam shaft is the cam M which pulls the index 
finger N out of the index plate and holds it long enough for 
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the cam P to push the head around to the required division. 
The piece b, Fig. 3, is practically the cam and the body M is 
never taken from the shaft. 
length of time that the cam holds the pin out of the plate, 
different pieces are fastened on in the place of, the one shown. 
Six tapped holes are provided for this purpose so that cam 
pieces of almost any length may be attached. 

The piece Q is a slide to which is fastened the pawl Y. 
This slide is held against the cam P by a spiral spring and 
the pawl engages the ratchet disk R, and so moves the head 
around for the number of teeth required. Both indexing 
plate O and ratchet R, have 94 teeth so that 2, 3, 4, 6, 8, 12 
or 24 divisions may be obtained. The throw of the cam P 
depends upon the number of divisions that the ratchet plate 
is to be turned. c, on this cam, is a sharp slide so that the 
throw takes place quickly, after which the cam carries the 
pawl gradually back into position for the next indexing. At 
the end of one complete revolution of the indexing head the 
pin U strikes against a small bell crank and throws the lever 
so as to disengage the clutch F, thereby allowing the clutch 
BE and the sprocket C to run loosely on the driving shaft 
until the machine is again started by throwing the lever back 
so as to re-engage the driving clutch. A quick movement is 
given to this lever by means of a spiral spring under the 
stud X, as will be seen in the front view in Fig. 2. At its 
top this stud is beveled off on two sides, so as to make a 
point of about 90 degrees and this bears against a similar 
stud screwed into the under side of the lever. Besides impart- 
ing a quick motion to the lever, these studs tend to keep the 
clutches in or out of engagement. The stop U can be adjusted 
to any point as it is held in a circular T slot which extends 
completely around the plate. 
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Fig. 4 Expansion Arbor used with Milling Attachment, 


Each set of cams is marked for the particular piece for 
which they are adapted; on cam K is also marked the number 
of teeth in the sprockets that are to be used on both the 
milling spindle and the driving shaft of the fixture; while 
on the cam P is marked the depth of the cut that is to be 
milled in the work. A special arbor to hold the milling cut- 
ters is made for each job and the cutter is located on the 
arbor at a certain distance from the sprocket on the spindle 
so that by centering the fixture with the cutter the sprockets 
will come in line. 

The work is held on a quick-acting expansion arbor which 
is shown in detail in Fig. 4. The piece to be milled is placed 
upon the split bushing B which is tightened in the hole by 
a movement of the lever H, that pulls back the spindle D and 
expands the bushing. A collar C is fastened to the chuck so 
that the slots in the bushing can be run beyond the shoulder 
against which the work bears, and a more effective expansion 
is thus secured. This fixture may be used on any style of 
milling machine and should there be no thread on the spindle 
to receive the sprocket B, it may be placed on the arbor as 
near to the spindle as convenient. Jos. M. STABEL. 

New Haven, Conn. 


——— 


TOOLS FOR A BRASS PACKING GLAND. 
Editor MACHINERY: 
The tool maker had just been confronted with a new prob- 
lem. A design called for a large number of pieces as shown 
in Fig. 1, and he was to make al! necessary tools and the jig 
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For obtaining changes in the 
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for drilling the holes a, a, a. The inside was plain, but as a 
good job was necessary, both a roughing and finishing tool 
were provided. The roughing tool was made from flat steel 
as shown at Fig. 2. The finishing tool, which is shown in 
Fig. 3, was provided with a milling wing for turning the 
body ready to thread, and this turning took place simultane- 
ously with the finish boring. 

For those who are not familiar with flat cutters, it may be 
said that they are cheap, very efficient for roughing and, when 
thick enough, make good finishing tools. As may be imagined 
they are not very easy things to turn in a lathe, but the use 
of the little driving chuck shown in Fig. 4 makes it much 
easier. This chuck screws onto the spindle, in the usual 


‘manner, and when turning a flat cutter, it is simply centered 


like a round piece and put into the slot in the chuck and 
between the ce’ ters as shown in the cut. Do not expect a 
diamond-pointed tool to stand this kind of work, however, or 
you will be disappointed. Use a round-nose side tool for 


roughing, and then for finishing, the side of a diamond-pointed 
tool may be used, although a tool something like that shown 
in Fig. 5 will be found very satisfactory. This sort of work 
is very hard on a lathe as there is a shock, equivalent to an 
upward blow on the centers, twice to each revolution. 


HARDENED 
BUSHING 
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Fig. 8 


Tools for Machining a Brass Packing Gland. 


The milling cutter being on the finishing bar insures the 
outside being true with the inside, and it should be fed very 
slowly into the work. For very exact work, it would prob- 
ably have been better to have used two bars with a wing mill- 
ing cutter on each, instead of roughing with a flat cutter, but 
in this case the flat cutter was all right. To make sure that 
the work entered the die truly, the thread was cut away from 
the mouth as shown in Fig. 6. This could not be done in 
all cases, but worked very well in this one as there was 
plenty of room. 

These tools completed the first operation, and the threaded 
end was then held in a screw chuck while the other end was 
being finished. This was accomplished by using a wing mill- 
ing tool, similar to that used for the other end, with a plain 
bar that entered the hole before the cutter began to work. 
This gave a guide for the milling tool, held it to its work and 
left the piece ready for necking with the tool shown in 
Fig. 7. This tool was bored out at A to fit the finished end 
of the gland while a piece of %-inch drill rod, sliding through 
a hole in the oblique arm, was ground at its lower end to cut 
the neck to its proper shape. The clamp C was fastened to the 
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rod while one side had a flange into which was set the bolt H 
that worked in an eccentric slot in the lever D, fastened onto 
the back of the oblique arm. When the lever was in its upper- 
most position the tool was slipped over the end of the gland 
and a pull on the lever then forced the cutting rod down and 
formed the groove. 

The jig for drilling the holes was a simple affair, which is 
shown in Fig. 8 with one of the pieces in position. It was 


found that the burr raised by the drill made it almost impos- 


sible to get the piece out after it had been drilled, as tnere 
was nothing but the threaded end to get hold of. Aftera little 
thought the wrench shown in Fig. 9 was made. It con- 
sisted of a flat piece of steel with a short pin in the end. At 
the proper distance from this was a soft steel roll cut with a 
thread like that on the work and loose enough to turn freely. 
All that was necessary was to slip this over the end of the 
work, swing it into the thread and it formed a powerful lever 
with which the work could be easily removed. 

While it is not likely that any one who reads this will have 
a job exactly like it, yet there are several points that can be 
adapted in many places. Frep H. CoLvinN. 

New York, N. Y. 


HIGH-SPEED HELICAL GEARS. 


Editor MACHINERY: 

The matter of high-speed gearing has occupied the atten- 
tion of the best engineers for a number of years. More or 
less success has been obtained in this line by the substitution 
of a softer material in place of the metal generally used, such 
as leather, fiber, and rawhide. When the power transmitted 
is very light, this form will often prove satisfactory. The 
principal trouble with this soft material is the lack of proper 
tensile strength when subjected to heavy strain or sudden 
shocks. This is partially overcome by increasing the face 
of the material from 33 to 50 per cent. over what would be 
used for gears made of cast iron, but this is not always ad- 
missible. There are also many other reasons why this ma- 
terial is objectionable. It is usually affected greatly by the 
weather and temperature, which increase or decrease the 
diameter very noticeably and also warp the gear blank out of 
its true form. In addition to this, when it is necessary to 
use small pinions, the stock between the bottom of the cuts 
and the hole is not sufficient for ordinary duty. The cost of 
making gears of this material is considerably more for ma- 
terial and labor than for ordinary metal gears. 

The use of metal gears with helical form of teeth is now 
commanding a great deal of attention, and, in many cases, 
they have proved to be eminently successful. For shafts 
running at right angles and not in the same plane, the ordi- 
nary form of “spiral gears” is illustrated by Fig. 1. This 
represents a pair of spiral gears with speed reduction of about 
3 to 2, teeth cut left hand, 45 degree angle. Inasmuch as 
spiral gears are, in reality, a special form of worm and worm 
gears, with many threads in the worm, it is obvious that the 
driver or worm can be most any convenient size without 
changing the speed reduction. This peculiarity proves to be 
a great advantage in designing machines where the economy 
of space is an object, and this form of gear is used to con- 
siderable extent in many of the latest machines. This style, 
with shafts at right angles, creates more friction than the 
ordinary form of gears; consequently it should be used only 
for ordinary speeds and power, and is generally provided 
with good thrust bearings to take up the end strain on the 
shafts, thereby reducing the friction on the gear. 

If this special gear is properly designed, and made by one 
experienced in this line of gears, very wonderful results can 
be obtained and will establish the fact that its use igs almost 
unlimited. This is verified by the use of same in most all 
up-to-date machines. Modern gear machine manufacturers 
use it almost wholly for the cutter drive. It is also used 
quite extensively in automatic machines, drill presses, etc. For 
heavy work, the gears should be run in a bath of heavy cylin- 
der oil. For high speed and light power they are also used 
extensively for the best form of blacksmiths’ blowers, such as 
the Champion blower, and are also used by the best makers 
of centrifugal cream separators, such as are made by the 


MACHINERY. 


433 


Burrell Mfg. Co. A speed of 10,000 to 20,000 revolutions is 
maintained with best results, making little or no noise and 
exhibiting wonderful durability. We believe this form of 
gearing can be run at as high a speed as 30,000 revolutions, 
if properly constructed. 

For parallel shafts, a form of double helical spur gear is 
represented by Fig. 2. These are generally called “herring- 
bone” gears. The single form, usually called “helical spurs,” 
is illustrated by Fig. 3. Formerly, this style of gear was 
cut with the teeth at an angle of 45 degrees, but this is found 
to be unnecessary, aS much better results are obtained with 
teeth cut on an average of from 10 to 20 degree angle. The 
cuts represent teeth cut on an angle of about 15 degrees. The 
correct angle is determined by the face and pitch. All that is 
necessary is that the angle be sufficient so that the tooth at 
one side is opposite the adjacent space at the other side of the 
face of the gear, or, if anything, a trifle more angle is pre- 
ferred. Too much angle causes unnecessary thrust which 
would be particularly noticeable in the single form. (Fig. 3.) 
There is also less contact of tooth where the angle is great 
than where small, as the tooth contact at 45 degree angle or 
more will be that of a point only, whereas the contact at a 
smaller angle approaches that of a line, as in ordinary spur 
gears, thus giving a greater bearing surface for strength and 
durability. 

In most cases the single form will prove quite satisfactory. 
For severe duty and very high speed the best results, however, 
are obtained by the use of the double or herringbone form of 
gear, as there is no end thrust on the shafts because one set 
counterbalances the other. The gears, when placed together, 
should have the teeth staggered, so that the teeth of one set 
of gears are opposite the spaces of the adjacent gears. Placed 
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High-speed Helical Gears. 


Fig. 3. 


in this way, we gain the same advantage, while using a coarser 
pitch for strength, as if the teeth were cut much finer, as 
there will be more teeth in mesh at a time than if teeth were 
placed opposite teeth. This will be particularly advantageous 
where there is a small number of teeth in the pinion. The 
edges of the teeth, where the two halves touch, should be 
turned off slightly to avoid interference at the corners. (See 
Fig. 2.) 

Unless the gears are cut very accurately, this helical form 
will be of no special advantage over the ordinary spur gear 
style. Ordinary milling machine heads, with index of 83 to 
4 inches diameter, will usually not be accurate enough for 
spacing this style of gearing, as the object to be gained—that 
is, silent running gears—will be defeated unless the spacing is 
exceptionally accurate. Special machinery for cutting with 
great accuracy of spacing is absolutely necessary for best re- 
sults. Selecting or designing cutters for this purpose, of 
correct curve or pitch, also requires unusual care. Under 
proper conditions of cutting and mounting gears of this style, 
they can be very often run at a speed of from 1,500 to 3,000 
revolutions, with very little or no noise. We believe it safe 
to predict that inside of ten years, all up-to-date machines 
will be made with spur gears of helical form of tooth. In 
lathes, milling machines and other tools they will have the 
great advantage of not only running smoothly and quietly, 
but will permit better approach of tools to the work than 
would be the case if ordinary clattering spur gears were used. 
The worm gear drive of the Sellers planer and of other 
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makers has already proved the desirability of such a drive 
over the ordinary spur gear. 

The French people hold the honor of the greatest advance 
in this line, in using bevel gears with curved teeth in place 
of the ordinary straight planed teeth, and there is no doubt, 
after the helical spur gear style has been thoroughly adopted, 
that the bevel gear will follow in line. FRANK BURGESS. 

Boston, Mass. 


BRASS WORKING TOOLS. 


Editor MACHINERY: 

When a little brass work is to be done in the average ma- 
chine shop, it is naturally handled in the same manner as iron. 
The result is not always satisfactory either to the workman or 
to the employer when he comes to pay the bill, and the mode 
of procedure would make a Fox lathe-man have heart failure. 
Anything between the various mixtures of lead, tin, copper 
and other metals and the old ‘“‘six of copper, one of tin” alloy 
is called brass, but that usually found contains just as little 
copper and tin as possible, as they are the costly ingredients. 
Pure copper is not a nice metal to turn, as it comes off in 
shavings more like wrought iron than any of the softer mix- 
tures. These fly off in chips, which seem red hot when they 
strike the arm or the face. 

Brass work is generally held in a two, three or four jaw 
chuck, or on a screw chuck which holds one end of the piece 
that has been previously threaded for it. It is seldom held 
between centers, so that the back head or tailstock is left 
free, and in the Fox lathes this is provided with a cross feed 
movement similar to the cross feed on the tool post of an 
engine lathe. This and the movement of the spindle give 
the operator a wide field of operation when carrying the 
proper tools in the tailstock. 

Beginning with hand work we have an array of tools like 
those shown in Fig. 1. For roughing out work or getting 
under the scale of the casting a small round-nose tool like 
No. 5 is generally used, while Nos. 8 and 4 are for finishing 
in round corners or roughing concave surfaces. After rough- 
ing, the flat portions are smoothed down with flat tools or 
planishers whose width and shape depend on the idea of the 
workman. These are also used in making any convex sur- 
faces 

Cutting off is done with a tool like No. 6, which is often 
called a parting tool. None of these tools have any top rake, 
as with iron and steel tools, but are often ground off the other 
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way. When carefully ground and whetted on an oil stone 
they will do lots of hard work, and do it smoothly. Roughing 
tools need not be whetted, but may be used as ground. 
Chasers are shown by Nos. 7 and 8, which are respectively for 
outside and inside work. It is quite a trick to start a true 
thread with these tools, but the easiest thing in the world 
to make a “drunken” thread, or one which does not follow a 
true incline, having one or more sudden jumps in it. Com- 
paratively few men nowadays have occasion to chase a thread, 
or could do it without numerous failures, but for repair work 
or cleaning up threads these chasers are very handy. 

As most of the work of this ciass is done on the engine or 


Fox lathe, the tools used will be considered. The back head 
uses a hook tool, similar to Nos. 9, 10 and 11, which closely 
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. Flat finishing or planishing tool. 
. Flat tool ground at angle. 

Large round-nose tool. 

Medium round-nose tool. 

. Small round-nose roughing tool. 
. Parting or cutting off tool. 

. Outside thread chaser. 

. Inside thread chaser. 
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Fig.1, Brass Working Hand Tools. 
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resemble regular inside tools, except that the point is turned 
the other way for outside work. Sometimes a tool holder, 
as shown by No. 11, is used with small inserted tools. Slide 
rests are to the Fox lathe what the tool carriage is to the 
engine lathe and the tools are similar in form except as to 
size and the shape of the cutting edges. There must be no 
top rake or the tool will dig in badly, it being remembered that 
the work is held in a chuck with the outer end unsupported. 
By giving the tool no top rake, or even grinding down a little, 
all difficulty of this kind is avoided and the tool cuts just 
as well, to all appearances. 
A 
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Fig. 2. Brass Working Machine Tools. 


Drills, also, require special treatment if trouble is to be 
avoided. The twist drill as it comes from the factory or as 
it is used in iron is very apt to “draw into” a hole in brass 
or to pull through if it breaks through a piece of work. This 
is due to the lead on the lips. By grinding this off a little, 
as indicated at B, No. 13, Fig. 2, this trouble is avoided. On 
small drills it is sometimes found best to grind the whole 
point flat, as shown at A in the same figure. 

For rough boring tools in a solid piece, such as an injector 
tube, most workmen prefer a flat hand drill, as shown by No. 
14. A series of these are used for taper holes, the larger 
being used first and the others following to the proper depth 
to make about the required taper. This is then reamed out to 
the exact taper with various tools. A flat reamer is often 
employed with good results, especially for roughing. For 
finishing it is very apt to chatter unless packed on each side 
with a piece of hard wood of about the right shape to con- 
form to the hole. Sometimes a reamer with a single large 
flute, as shown at No. 16, is used with good results. It is 
relieved nearly all the way around. For finishing, it is hard 
to beat the old square reamer, as shown at No. 15. This 
reams a nice smooth hole as it fills up with chips enough to 
prevent chattering, and it starts well if carefully ground and 
honed on an oil stone. 

In this connection it may not be amiss to call attention to 
the too frequent misuse of the oil stone on tools of all kinds. 
I have seen men spend much time in carefully grinding a tool 
and then spoil it with an oil stone, literally destroying the 
edge they had obtained by grinding. Others laugh at stoning 
as a waste of time, but I do not agree with them, provided 
the stoning is properly done. Grinding trues up the cutting 
edge and makes it sharp, but it also throws up a rough wire 
edge, which does not produce good work. The oil stone, care- 
fully applied, will remove this wire edge and not destroy the 
cutting edge; in fact it makes it sharper for clean cutting 
by removing the rough portions which are in the way. 

BRASSWORKER. 


FOREIGN COMPHTITION. 
Editor MACHINERY: 

Of late we have heard a great deal about the foreign ma- 
chinery market. In my observation of machinery trade in 
Europe I have noticed that machinery of nearly every de- 
scription is higher in price than in the United States, and at 
present the Yankees need be afraid of no intrusion on their 
markets of foreign machinery. 

The price of good malleable iron and steel is higher here 
than in the States, and although labor is cheaper, the work- 
men are not as efficient. It is my opinion that a better quality 
of work for the same price can be produced in the States. 
Throughout Europe good material for manufacturing is 
higher, and manufacturers, as a rule, make too many kinds 
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of machines to obtain efficiency in any particular branch. 
Take for instance farm implements. Every manufacturer of 
any note tries to make all kinds of machinery belonging to 
that line; harrows, rakes, plows, etc., are also made by 
country blacksmiths. At a fair last summer I saw a great 
many imitations of American rakes, reapers and mowers, 
but they were poor imitations, indeed. The cause of this 
was unskilled workmanship. The manufacture of farm im- 
plements here now is about the same as it was thirty years 
ago in the States. They are just beginning to use special jigs 
and fixtures. As a rule their products on the interchange- 
able plan do not fit as well as ours. I know of one large fac- 
tory here that cannot supply extras without having the worn- 
out part so as to be sure of the kind, style and size wanted. 
They seem to manufacture without any regular system. Not 
until the European manufacturers use the same methods, or 
those as good, as the Americans, can they compete with them 
in trade. As a rule the Yankee manufacturer uses machinery 
and special jigs and fixtures to accomplish his work to a 
far greater extent than any of his competitors. In this 
country there is much hand-labor employed. The American 
has made rapid production and duplicate parts a study. He 
has gone at it in a businesslike manner to systematize his 
tools and equipments. The reason of this is the sharp com- 
petition at home and a fight for supremacy abroad. Al- 
though the manufacturer may have studied his business, 
and knows it well, he could not have achieved such a high 
standard in the business world were it not that men em- 
ployed read more, study more and work harder than their 
foreign brothers. The American workman generally take’ 
one or more papers pertaining to his trade, but owing to 
the low wages and the comparative high price of such papers 
the German workman cannot afford this luxury; furthermore, 
they are not published so that men with an ordinary educa- 
tion can read and understand them. This is another draw- 
back to the manufacturer. It is the systematic co-operation 
between manufacturers and workmen that has helped to 
bring America into the foremost rank of the nations, and 
this is what Germany and other European nations need. 
Were German manufacturing systems as well organized as 
their military system then might America have greater cause 
to fear this foreign competitor. A. J. DINKEL. 
Neubrandenburg, Germany. 
* * * 


The Engineering News in an editorial on dynamite and the 
dangers attendant to its use, points out that by far the 
greater number of accidents occuring in the use of this highly 
dangerous explosive, are caused by freezing and subsequent 
thawing. There are now a number of safety powders of high 
power on the market which do not freeze and which cannot 
be detonated by mechanical shock. These safety powders now 
cost no more than dynamite, are of practically equal power 
and do not deteriorate with age, or at least not so quickly as 
dynamite. The disastrous accidents that have occurred on the 
railroads have led the D. L. & W. and N. Mos JN, TEI (6 180, agen 
roads to refuse to carry it as freight, and should other roads 
also put a ban on it, as they probably will, the time is not 
far distant when dynamite will be unobtainable except in 
the immediate vicinity of the factories. In view of these con- 
ditions the indications are that the use of dynamite will even- 
tually be abandoned. Let us hope so. 

* * * 


On the roof of the Western Union Telegraph building in 
lower New York, there is a steel tower 105 feet high which 
carries at the top a pole down which a time ball drops 25 feet 
at exactly 12 o’clock, noon, every day. The ball, according to 
the Electrical Review, consists of a framework of brass rods 
bent into spherical shape and covered with stout canvas. 
The ball is dropped by an electrical impulse sent from Wash- 
ington and the instant the ball reaches the base of the pole 
the fact is automatically communicated back to Washington 
through an electric tell-tale. The noon signal is transmitted 
from New York by a bank of relays to 142 circuits connecting 
all the principal cities and towns throughout the country. 
In New York City alone 1,450 clocks are synchronized from 
the Western Union office and 150 in Brooklyn. 
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CONTRIBUTED NOTES AND SHOP KINKS. 


CLAMPING STRIPS FOR SHAPER VISES. 
“Shaper” sends a sketch of an improved form of clamping 
strip for use in holding work in the shaper vise. When the 
vise jaws clamp the strips, the bases, which make an angle 
of about 3 degrees with the lower sides, naturally adjust 
themselves to a position parallel to the vise jaws and cause 
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the points, which are about 1-16 inch wide and pointed to 82 
degrees, to bite in and press downward on the work, thus 
holding it true to the bottom of the vise or to any beveled 
parallel, or other piece, that may be placed under it. These 
strips should be of steel, hardened and ground. 


A PIPE BENDING RIG. 

Geo. I. Babcock, Providence, R. I., sends a “kink” for a pipe- 
bending rig that is shown in the sketch. The plate A has on 
its under side a rib B, by means of which it is held in a vise 
when in use. This plate is fitted with two cast iron rolls. 
C and D, around which the pipe is bent. D is permanently 


fixed in place but the stud ky which C is fastened slides in a 
slot in the plate and can be adjusted to suit the size of pipe 
and the radius to which it is being bent. By placing marks 
on the plate any number of plates can be bent to the same 
curves. 


GRINDING A TWIST DRILL. 

It very often happens that, for some reason or other, a twist 
drill has to be reduced in diameter on the grinder, and as 
there is no center hole in the end, this is a rather difficult 
job. Charles P. Thiel, Lawrence, Mass., sends a description 
of his method of doing this, which is inexpensive and, he 
says, capable of producing a very good job. The “kink” cor. 
sists in soldering onto the end of the drill a small brass disk, 
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as shown at A in the sketch. A section through this disk is 
shown at B. He first takes a bar of brass, slightly less in 
diameter than that of the drill to be reduced, and in the end 
drills a small hole. Then the drill that is to be ground is 
started into the same end of the bar sufficiently deep to cut 
a seat that exactly fits the point of the drill. The end of the 
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bar is now cut off and the disk is ready for soldering. There 
is no danger of drawing the temper of the drill if care is 
taken in doing this. To do it properly a soft solder should 
be used and the point of the drill tinned with the soldering 
iron. The small hole in the disk is then plugged up with 
wood and the cup-shaped depression filled with solder. The 
drill is placed into this and held there just long enough for 
the solder to set sufficiently to allow the drill to be lifted up 
and both drill and disk plunged into water. The drill is 
then trued up by scraping the center. 


LOOSE BOSSES ON A PATTERN. 

R. sends in the following kink: The sketch shows a small 
pattern which was to be made on a molding machine. The 
size and shape “cut no figure;” what I want to speak of is 
the boss shown in the sketch. A one-half pattern was used and 
the boss cast on one side only. After one half was made with 
the boss on, the boss was taken off and the other half made. 
In putting the boss on, the patternmaker did so with small 
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wire pins so that it would lift off in the mold. The fore- 
man saw this and told the patternmaker to make dowel 
pins just tight enough so that boss would remain on the 
pattern after the mold was lifted off. The reason for this 
was: It was much easier to pick the boss off the pattern 
than to pick it out of the mold and in a short time destroy 
the boss with a lifting pin. 


A SPECIAL INSERTED TOOTH MILLING CUTTER. 

Erine Falkenrath, Racine, Wis., sends the sketch of an in- 
serted tooth milling cutter of simple construction that was 
found very efficient for a job which could not be done on the 
planer. On the piece to be machined were a number of tall 
lugs (Fig. 1) which were to be finished on the inside, 1% 
inches from side to side. A jig was made for holding the 
pieces on the vertical miller and the lugs were machined with 
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the cutter shown in Fig. 2. The body of this cutter was of 
cast iron and the teeth of Stubs steel held in place by means 
of set screws. The peculiar feature about the cutter was the 
arrangement of the teeth which were placed alternately, 
right and left, so as to ferm a two-sided cutter with which 
the slots were milled to an accurate width. 


A TOOL POST TURRET. 

Robert B. Westover, Amherst, N. S., sends the sketch of a 
tool post turret which is easily constructed and in many cases, 
on small work, answers every purpose of a regular turret. 
The base A, which is of the same diameter as the turret 
head, has on its lower side a tongue B, which fits into the T 
slot of the tool post and prevents the turret from turning on 
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the post. Through the center of the base passes the stud C 
having a square head plate D and the binding nut H. When 
this nut is screwed down the plate is firmly fastened to the 
tool post. The turret head revolves around the stud C, and 
is counterbored on the bottom to clear the binding nut. The 
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turret is made of cast iron and is provided with six or more 
holes for the tools which are held in place by means of set 
screws. The indexing is done by hand and the head clamped 
by the lever nut F. 


AN OFF-SET CENTER. 

When one has a sharp taper to turn it frequently happens 
that the tailstock cannot be off-set sufficiently, or the tail- 
stock of any lathe available may not be arranged to set over 
at all. In such a case the off-set center, a sketch of which, 
sent by M. H. Westbrook, Stratford, Ont., and shown below, 
may be used very satisfactorily. This center consists of the 


shank A, which replaces the regular dead center in the tail- 
stock. Onto this is screwed the sleeve, B, which has a T-slot 
extending across its face. The adjustable center C can be set at 
any point in this slot and is held in place by the clamp nut, D. 
The set screw H, clamps the tailstock sleeve and thus prevents 
the arrangement from turning. 


% * * 


To successfully coat with tin, the castings must be abso- 
lutely clean and free from sand and oxide. They are usu- 
ally freed from imbedded sand in a rattler or tumbling box, 
which also tends to close the surface grain and give the 
articles a smooth metallic face. The articles are then placed 
in a hot pickle of 1 part of hydrochloric acid to 4 parts of 
water, in which they are allowed to remain from one to two 
hours, or until the recesses are free from scale and sand. 
Spots may be removed by a scraper or wire brush. The cast- 
ings are then washed in hot water and kept in clean hot 
water until ready to dip. For a flux, dip in a mixture com- 
posed of 4 parts of a saturated solution of sal ammoniac in 
water and 1 part hydrochloric acid, hot. Then dry the cast- 
ings and dip them in the tin pot. The tin should be hot 
enough to quickly bring the castings to its own temperature 
when perfectly fluid, but not hot enough to quickly oxidize 
the surface of the tin. A sprinkling of pulverized sal am- 
moniac may be made on the surface of the tin or a little 
tallow or palm oil may be used to clear the surface and make 
the tinned work come out clear. Some operators again dip 
in a pot of hot palm oil or tallow at a temperature above 
that of the melted tin, for the purpose of draining the excess 
of tin and imparting a smooth, bright surface to the castings. 
As soon as the tin on the castings has chilled or set they 
should be washed in hot sal soda water and dried in saw- 
dust.—Metal Worker. 
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SYSTEM OF CHUCKING CAR WHEELS FOR 
TURNING THE TIRES. 

We have received from the Ateliers Demoor of Brussels, 
Belgium, matter descriptive of the L. Tricot system of chuck- 
ing car wheels in lathes for turning the tires when the 
wheels are mounted on their axles. This system, which is 
also applicable to axles having outside cranks, is doubtless 
novel to those who are only familiar with the practice fol- 
lowed in American railway shops, and as it seems to possess 
features of considerable merit, it is briefly outlined in the 
following: 
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by the resultant of the end pressure. This is illustrated in 
Fig. 1; and Fig. 2, of the same cut, shows an enlarged end 
view of one of the chucks. A is the chuck body and BBB 
are the three jaws. In this case, apparently, no provision 
is made for conveniently getting the wheels in and out of the 
lathe, it being necessary to move one of the headstocks a 
sufficient distance to clear. In Fig. 3, however, the way this 
difficulty may be obviated, is shown. A heavy piece C is bolt- 
ed to the faceplate and bored cylindrically for the chuck-body 
A, which is adjustable longitudinally by means of the spindle 
D. The piece (@ solidly supports the chuck and at the same 


Fig. 1. 


We will preface the description by remarking that in turn- 
ing steel-tired car wheels mounted on their axles, one of the 
chief factors contributing to lack of rigidity of the work, 
which is so necessary to the maximum output, is the pointed 
poppets or centers on which the axles are “centered” in ordi- 
nary practice. These are unavoidably of comparatively weak 
construction and have a limited area of contact in the ends 
of the axles. The point of support is also some distance re- 
moved from the plane of the wheel so that the pressure of 
the cutting tool has a bending moment. Another fault in- 
separable from the system of turning tires with the axles sus- 
pended on centers, is that if the conical holes reamed in the 
“ends of the axles are not perfectly concentric with the axle 
bearings, there will be a lack of truth in the turned wheels, 
that is, the tire periphery will be “out” with bearing sur- 
faces. Of course when the axles are new, this defect cannot 
exist to any extent, but it may be present to a serious degree 
after an axle has been in use for some time without the bear- 
ings having been turned. Absolute concentricity of the tires 
and bearings is very necessary in high-speed trains. A rep- 
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Fig. 3. 


resentative of the firm has calculated that for a speed of 72 
kilometers (45 miles per hour) the centrifugal force tending to 
produce a hammer-blow effect on the track, is 146 kilograms 
(321 pounds) for a pair of wheels one meter (39.37 inches) 
diameter, weighing 990 kilograms (1,980 pounds), and having 
an eccentricity of only one millimeter (.03937 inch). 

In the Ateliers-Demoor system the axles are gripped circum- 
ferentially on the bearings themselves by three jaws held in 
conical-mouthed chucks and pressed against the axle bearings 
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Fig. 2. 


time affords clearance between the faceplates for the entering 
and removing of the wheels. Fig. 4 shows a special chuck 
employed for holding cranked axles. The construction of this 
form and its application, are evident from the cut. 

The conical hole in the chucks made for this system, is 
bored to an angle of 22 degrees with the axis, making the 
included angle 44 degrees. The jaws are cut interiorly in 
open V-shape, the angle being 128 degrees. The jaws are, of 
course, made parallel with the axis on their inner faces so 
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Fig. 4. 


as to grip the bearing along their full length. The faces of 
the jaws being cut V-shape, grip the bearings at six points 
in its circumference so that there is little tendency to mar 
the surface. To entirely overcome any possibility of such 
action the bearings may be incased with strong paper or 
better, a thickness of sheet iron or tin, but in practice this 
has been found unnecessary. 
* * * 


A dynamo-electric machine which gives one ampere at 
25,000 volts has been constructed for the purpose of testing 
the insulation of the transmission line between St. Maurice 
and Lausanne, Switzerland. The armature, which is station- 
ary, has an internal diameter of 580 millimeters, and a length 
of 300 millimeters. It consists of 48 Gramme coils, each with 
500 turns of silk-insulated wire, 0.5 millimeter in diameter, 
the total resistance being 700 ohms. The commutator consists 
of 96 air-insulated segments, and is connected by rotating 
brushes to stationary slip rings. The rotating magnet has 
two poles, and is constructed of laminated iron. It takes 
eight amperes at 80 volts, and revolves at 600 revolutions per 
minute. An air blast is brought into play on the brushes to 
prevent sparking.—Western Electrician. 

* * * 


The Otis Elevator Co. have been awarded the John Scott 
legacy medical and premium by the Franklin Institute for 
their electric elevators for use in private buildings. These 
elevators are operated by pushing buttons, in the car and on 
the different landings, and thus render the services of an 
operator unnecessary. 
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HOW AND WHY. 


A DEPARTMENT INTENDED TO CONTAIN CORRECT AN- 
SWERS TO PRACTICAL QUESTIONS OF 
GENERAL INTEREST. 


Give all details and nameand address. The latter are for our 
own convenience and will not be published. 


17. H. B—Please explain the construction and use of the 
hydraulic accumulator. 


A.—The hydraulic accumulator, the simplest form of which 
is shown in half section in the cut, is used for storing up a 
large quantity of water under pressure to be used for operating 
cranes, elevators, punches and other hydraulic machinery. If 
a pump alone were depended on, it would have to be of suf- 
ficient capacity to supply the maximum demands for power, 
while with the accumu- 
lator a small pump may 
be used and the power 
stored up ready to be 
drawn upon as needed, 
The accumulator in no 
way increases the pres- 
sure but simply acts as 
a reservoir so as to 
make a large quantity 
of power always avail- 
able. 5 

The inlet at the left 
is connected to a steam 
pump from which the 
water enters the bottom 
of the cylinder C and 
forces up the piston A. Connected with the top of this pis- 
ton is an annular chamber B, whichis filled with scrap iron, 
or other heavy material, thereby producing the required pres- 
sure on the water in the cylinder. As the piston reaches the 
top of its travel, it encounters a tripping lever which shuts 
off the steam and stops the pump. When the crane, elevator 
or other machine is started the piston begins to descend 
and in so doing the pump is again started. So long as the 
demand for power is equal to the supply from the pump the 
water would pass directly from the pump to the machine with- 
out entering the accumulator, but should the demand exceed 
the supply from the pump the accumulator would at once make 
up the deficit. In the sketch the tripping levers and connec- 
tions have been omitted, for the sake of clearness, the posts 
D D are simply guides for controlling the motion of the 
weight-cylinder. 
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18. C. A. K.—Will you kindly tell me how to calculate the num- 
ber of revolutions or parts of a revolution that must be made 
by the feed screw of a shaper for cutting diametral pitch 
racks. Please show how to make the calculation for a screw 
having single, double or triple threads, and indicate how a 
collar should be graduated by which the feed screw can be 
turned the necessary number of divisions to advance the rack 
the required distance in spacing the teeth. 


A.—The same principle is employed in calculating the spac- 
ing for rack cutting in the shaper that is used in cutting the 
threads of diametral pitch worms in the lathe. The latter 
subject was fully explained in the September, 1902, number of 
MacHINERY in the How and Why department, to which we 
refer you. To make the subject of rack cutting as simple 
as possible, let us suppose at first that we have a rack of one 
diametral pitch and that the feed screw of the shaper is ot 
one inch lead, or, in other words, that it has one thread per 
inch. Having determined how to space such a rack with this 
feed screw, it will be a simple matter to calculate the spacing 
for a feed screw having a greater number of threads per inch 
and for a rack of finer pitch than one. The circular pitch or 
distance from tooth to tooth of a rack of one diametral pitch 
is 3.1416 inches. Consequently the shaper table must travel 
3.1416 inches every time a tooth is to be spaced, to accomplish 
which the feed screw must make three turns and .1416 of a 
turn more. This decimal expression 3.1416 is equivalent to 
the common fraction 22-7, very nearly, and so if we use gears 
in the ratio of 22 to 7, or say one gear with 44 teeth and one 
with 14 teeth, for turning the screw, the purpose will be ac- 
complished. Put the small gear or pinion on the end of the 
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feed screw and the 44-tooth gear on a pin attached to the 
frame in such a position that the two gears will mesh. Then 
one complete turn of the large gear will cause the small gear, 
and hence the screw, to turn 3.1416 times (approximately, 
the error per rack tooth in this case being about 114 thou- 
sandths). 

In applying this principle the first step is to find how many 
turns the gear must make to space a rack of one pitch on the 
shaper that is to be used. To do this, measure the distance 
traversed by the shaper saddle for one turn of the screw, and 
note what fractional part of an inch it is. It makes no dit- 
ference whether the feed screw has a single, double or triple 
thread; all that is necessary is to measure the distance moved 
for one turn of the screw and calculate accordingly. Suppose 
it is found to advance one-third of an inch, or one-third as 
far as assumed above. Then it is evident that the gear 
would have to be given three turns, instead of one, to space 
a rack of one pitch. 

Having found how many turns the gear must make to space 
a one-pitch rack, the next step is to find how many turns the 
gear must make to space the particular rack to be cut. Sup- 
pose a 6-pitch rack is to be cut, making it necessary to move 
the table only one-sixth the distance required for a one-pitch 
rack. The gear would then have to turn only one-sixth as 
far; or, in the case last assumed, 1-6 of 3 turns, making 3-6 
or % turn. For another example, suppose the shaper saddle 
to move 1% inch per turn of screw and that a 10-pitch rack is 
required. Then, 

Turns of gear required for one-pitch rack=2X 1=2. 

Turns required for 10-pitch rack —1-10 X 2=2-10=1-5. 

The dial on the large gear should thus be graduated into 
fifths. 

Instead of using the one-pitch rack as a basis for calculation, 
as has been done in the above explanation, it is more cus- 
tomary to take the 4-pitch rack as a basis, this being as coarse 
as is often cut on a shaper. In this case we could use a gear 
of 11 teeth on the pin in place of the 44-tooth gear, so that one 
turn of the gear would advance the rack only one-fourth as — 
far as before. For example, suppose we are to cut a rack on 
a shaper, the saddle of which advances 1% inch per turn of 
serew. To cut a 4-pitch. rack we should have to turn the gear 
2xX1=2 times. To cut an 8-pitch rack, 2 X 4-8—=1 turn; a 
6-pitch rack, 2 X 4-6—=8-6=11-3; a 10-pitch rack, 2 Kk 410= 
8-10 — 4-5 turn, and so on. 

If it were found that the table fed one-third inch per revolu- 
tion of screw, then for 6-pitch rack, 3 X 4-6=12-6=2 turns; 
and for a 10-pitch rack, 3 X 4-10 =12-10 =11-5 turns. 


Answer to No. il. 


In answer to inquiry No. 11, by Baer and Remple, in the 
February number of Macuinery, we have received the fol- 
lowing, from H\. G. Stoner, Waynesboro, Pa.: 

A.—Referring to the sketch, I would suggest that the race 
D be first turned as near to size as possible, leaving only 
enough stock to allow for truing after hardening. The 
corners of the race should be turned relieved as shown at 
E, E. Harden the piece in the usual manner. 

The universal grinder is best adapt- 
ed for finishing, as almost any of these 
machines can be arranged to chuck the 
piece in the headstock and revolve 
with it while the internal grinding at- 
tachment carries the grinding wheel. 
For this particular job what is known 
as an elastic emery wheel is the best 
adapted. This should be slightly nar- 
rower than the width to which the 
race has been turned in order to allow 
it to goto the bottom. After the race is ground to the proper 
diameter the wheel is moved sidewise until the proper width 
is attained. Elastic emery wheels can be made very narrow 
and accurate by grinding the faces in the same manner as is 
employed for grinding the sides of metal slitting saws. With 
the above method a very accurate job can be produced and if 
but a small amount of stock is left for grinding, the pieces 
can be finished rapidly. 
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NEW TOOLS OF THE MONTH. 


A RECORD OF NEW TOOLS AND APPLIANCES FOR MACHINE SHOP USE. 


NEW THREE-FOOT RADIAL DRILL. 

The accompanying illustrations show a new 36-inch radial 
drill that has just been brought out by the Mueller Machine 
Tool Co., Cincinnati, Ohio. The column is made of one piece 
and is fastened to the base so that it does not revolve as is 
customary in most radials. On the inside of the column, four 
webs extend the full length and thus enable it to resist firmly 
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Fig. 1. Mueller Three-foot Radial Drill. 


all strains even when the arm and spindle are at their maxi- 
mum positions. Just above the swinging platen, around the 
column, there is a graduated ring that revolves with the arm. 
This is a useful feature when duplicating parts which are 
held in fixed jigs clamped on the base or platen, as the spindle 
can be brought exactly to any former position by readings on 
the 0 line on the stationary column. 


Fig. 2. Back View of Arm, 


The arm is made in pipe Section, its upper brace being 
as near as possible to the head while the lower one is at the 
outer edge. This arrangement will be seen by referring to 
Fig. 3, which is an end view of the head and arm. This dis- 
position of the ribs of the arm prevents it from twisting when 
receiving the upward pressure of the spindle in drilling. 


The arm is supported by a cap resting on roller bearings. 
Both make a complete circle about the column and can be 
instantly locked by fixed binder levers. The arm is lowered 
at nearly three times the elevating speed by means of a screw 
which is driven from the center shaft without the use of any 
intermediate gears. A bronze plate, attached to the side 
of the arm, shows the operator the correct speed for drilling 
either cast iron or steel. 

The head is traversed by means of a screw that engages 
with a revolving dial on the outer end of the arm, enabling 
the operator to bring the head within .001 inch to a required 
position. Provision is also made for locking the head to 
the arm. The spindle is counterbalanced and has quick ad- 
vance and return. When used for tapping, it is impossible 
to accidentally engage either automatic or lever feed and 
the danger of breaking taps is thus eliminated. A gage 
screw causes the spindle to stop when the tap reaches the 
bottom of a hole. Sixteen spindle speeds are available, 
ranging from 18 to 370 revolutions per minute, and the 
change from fastest to slowest occupies only about four sec- 


Fig. 3. End View of Arm and Head. 


onds. The speeds are changed, and the lowering and elevat- 
ing mechanism operated, by a single starting lever which ex- 
tends from a loose ring encircling the column above the 
swinging column. This ring is adjusted to any position about 
the column and is connected, on the inside, to a rod which 
operates the two noiseless friction clutches on the shaft 
NV, Fig. 4. When the spindle is not in use the lower driving 
shaft Q is the only one in motion. When the starting lever is 
pushed to the left, the friction clutch P causes gears @ and 
H is to drive shaft N at low rate of speed. When lever is 
pushed to the right the same clutch causes gears J, 1B Bit 
and J to drive shaft N at a higher speed. By allowing the 
gears C and B to mesh, two changes of speed are delivered 
to the spindle and by meshing gears H and A two faster 
speeds are given, thus obtaining four speeds from each of 
the four steps of the cone, or 16 changes in all. When a 
reverse motion of the spindle is required, the tumbler O is 
changed, causing gears L, M and J to run shaft N in the 
opposite direction and at an increased speed. The crank 
shown on the lower part of the column is used to lower the 
shaft R, inside of the column. In elevating or lowering the 
arm, this crank is pushed to the right, causing the shaft 
R to engage gears D and F, which drive the elevating screw. 
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The automatic feed, the details of which are most clearly 
shown in Figs. 2 and 3, is driven through a friction plate 
fastened to the spindle pinion shaft. By moving the small 
friction wheel from the center to the outer edge of the fric- 
tion plate, by means of a graduated rod, any feed from 0 to 
.23 inch per revolution of the spindle can be obtained. The 
amount of friction required for light or heavy drilling is 
regulated by a knob shown at the right of the feed shaft in 
Fig. 3. An automatic trip is provided which prevents feed- 
ing of the spindle after reaching the limit of its travel. A 
graduated bar, attached to the counter weight, carries several 
dogs to trip the spindle as often as desired. The automatic 
feed can also be tripped by the lever shown on the vertical 
feed rod. 

The platen is usually plain but can be furnished with 
round or swivel table if desired. It has a round boss in 
the center that can be bored to receive bushings for boring 
bars which pass through the center of the supporting stand 
on the base. The net weight of this drill is about 3,800 
pounds. 
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A cupped wheel is used and as the work is moved com- 
pletely across its face there is no tendency for it to wear out 
of true so that it possesses the advantages of the emery- 
paper faced steel disk. When the wheel has been worn back 
to the web a plain wheel remains which may be used up else- 


Attachment for ‘‘“Yankee” Drill Grinder. 


where. A further factor causing the adoption of the cupped, 
rather than a disk wheel is, that the presence of the drill 
grinder wheel, which has to run slower than the ordinary 
wheel, would prevent a disk from being run at the high rate 
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Fig. 4. Detail of Driving Mechanism of Mueller Radial Drill. 


GRINDING ATTACHMENT FOR TWIST DRILL GRINDERS. 

The accompanying photograph illustrates a grinding at- 
tachment that the Wilmarth & Morman Co., Grand Rapids, 
Mich., have lately designed for use with their “Yankee” 
twist drill grinders. As will be seen, arrangement is similar 
to that used in the disk grinders and consists of a table, with 
its supports, which oscillates about a stud and is kept in a 
vertical position by means of a swinging counterbalance. 
Two tables are furnished; a flat one that has a ridge 
at the side against which to square the work, and a V-shaped 
table for holding round or odd-shaped pieces. These tables 
may be quickly interchanged, without the use of a wrench, 
and are adjustable for angles as well as up and down. Cut- 
ters, chasers, punches, dies and similar pieces that would 
otherwise be planed, milled or filed may be readily ground 
with this attachment. A collar, adjustable on the stud, limits 
the movement of the table toward the wheel and a Shield 
keeps the adjusting mechanism free from grinder dust. 


of speed at which it is the most efficient. For use in shops 
where the drill grinder is already installed the builders are 
prepared to furnish the grinding attachment on the column, 
as shown in the cut, but without the drill grinding feature, 
a plain wheel being substituted for the drill grinding wheel. 


MULTIPLE INDEX CENTERS. 

Multiple index centers are in common use for manufacturing 
and are very valuable for such purposes as fluting taps, 
reamers or similar work. The set of multiple centers shown 
in Figs. 1 and 2, P. 441, are capable of holding and indexing 
simultaneously four pieces 1% inch or less in diameter. The 
head spindles are geared together and are operated by turn- 
ing the ball-handle on one spindle upon which is mounted 
the dial. The index-pointer is adjustable so that several 
indexes are carries on one dial. The tailstock is adjustable 
along the base-plate, and the plate has a countersunk bolt 
for securing to a milling machine slide. The tail-spindles 
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have individual quick redrawal by lever and come forward 
by spring. They are all bound simultaneously by one handle. 

The taps are held by the square end and supported at the 
tail-spindle end by female centers for small taps and male 
centers for the large ones. Both head and tail-spindles are 
fitted with No. 1 Morse taper centers, which can be quickly 
changed and make it possible to set up for large or small 
work on the same centers. The head-spindle center A, has a 
taper countersunk hole and across this are two saw cuts at 
right-angles. The square end of the tap is centered in the 
taper hole and the corners of the square catch in the saw 
cuts which dog it round. The tail centers, in practical use, 
are milled down close to the center line, to give access to the 
cutter. 
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then, when the head is fed out by the cross feed screw the 
cable pulls the top of the slide over until the proper angle is 
reached. This does away with the trouble of prying the 
head over with a bar, as is necessary in machines not so 
equipped, and renders possible a very quick and accurate set- 
ting of the turret slide. 

The cross slide has a travel of 1514 inches, automatic adjust- 
able stops for tripping the feed, and means for clamping the 
slide to the rail without the use of a wrench. Both vertical 
and horizontal feeds are positive, gear driven, and provided 
with automatic adjustable stops. There are eight changes of 
feed for each speed of the cone. These changes are effected 
by means of two levers, one giving four changes and the other 
increasing them four, to one. The entire feed mechanism may 
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Fig. 2. Section through Multiple Index Centers. 


The method of binding the tail-spindles simultaneously is 
shown in Fig. 2. Between each pair of spindles is a plug 
C, fitted with a slight looseness. The lower ends of these 
plugs are bevelled, and rest on two bushings, D, HE, which are 
tapered on the upper side to match the incline of the plugs. 
The bushings are fitted with a right and left-hand screw, F. 
When the screw is turned by the handle G, the bushings are 
forced to approach each other and this forces up the plugs, 
which jam equally against both spindles. When the screw Til 


Fig. 1. 


Multiple Index Centers. 


is turned in the other direction the spindles are positively 
loosened. The tail spindles are moved by the levers H and 
each is bored out and carries a spring plunger K, which 
abuts against the yoke L. The centers are manufactured by 
the Garvin Machine Co., New York, N. Y. 


VERTICAL BORING AND TURNING MILL. 

The half-tone herewith illustrates a new vertical boring 
and turning mill that is manufactured by the Colburn Machine 
Tool Co., Franklin, Pa. This mill swings work up to 34 inches 
in diameter and will swing 14 inches under the cross rail, 
while the extreme height from chuck to turret is 22 inches. 
The chuck has three jaws which may be operated universally 
or independently. The driving gear is fastened directly to the 
chuck so that no twisting strain is brought upon the spindle. 
The driving gears and back gearing are all contained in the 
frame of the column where they are protected from dirt and 
chips. A door at the back of the column makes it possible 
to inspect the gearing without dismantling the machine. 

The turret slide has a travel of 18% inches, with automatic 
adjustable stops for tripping the feed. A counterbalance 
weight, suspended within the column and attached to the tur- 
ret slide, facilitates raising and lowering the turret head. The 
turret is five-sided and bored for carrying five tools, while the 
sides have tapped holes, thereby providing a means for fasten- 
ing special tools to the turret. An ingenious feature that has 
been incorporated in this machine is the arrangement for 
Swinging the turret slide to any angle. To do this, the coun- 
terweight cable is clamped to the back of the column and 


be stopped, started or reversed by means of a hand lever at the 
base of the machine. The feeds may be stopped at five differ- 
ent points in the train; by using the feed trip lever, by with- 
drawing the pinion on feed screw or feed shaft, by dropping 
out the feed-change lever, or by placing the feed-increase lever 
or feed reverse lever in central position. The vertical feed 
has a range from ¥ to 1-80 inch per revolution of chuck, and 


Colburn 34-inch Vertical Boring and Turning Mill. 


the horizontal from %4 to 1-40 inch per revolution. An index 
plate, fastened to the machine in clear view of the operator, 
indicates the feed. A screw-cutting attachment may be quickly 
applied to the machine, the bank of gears provided being ar- 
ranged to cut from 4 to 14 threads per inch. The net weight of 
this machine is about 5,500 pounds. 
NEW FOOT-POWER ENGINE LATHER. 

The foot-power engine lathe illustrated in the accompany- 
ing half-tone has lately been brought out by the W. C. Young 
Co., Worcester, Mass. Although a foot-power machine this 
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lathe is equipped with all of the appliances of a regular power- 
driven engine lathe. 

It is back-geared, in the ratio of 8 to 1, and is supplied with 
a full set of screw-cutting gears, being capable of cutting from 
6 to 72 threads per inch, or 6 mm. to .5 mm. when fitted with 
a metric lead screw. It has power cross feed and is furnished 


Foot-power Engine Lathe. 


with plain or compound rest as may be desired. A taper at- 
tachment, of improved design, is constructed for use with this 
lathe. 

The lathe is furnished with either 4- or 5-foot bed and will 
take, between centers, 24 and 36 inches for the respective 
lengths of bed. The swing over the bed is 10 inches and over 
the carriage, 6144 inches. 


NEW SELF-OPENING DIE. 


The illustrations, Figs. 1 and 2, present a new self-opening 
die that is being manufactured by the Maines Machine Co., 
Philadelphia, Pa. It is designed for use on lathes and screw 
machines as well as on other screw-cutting machines, in place 
of solid dies. It can be used for cutting either right or left- 
hand threads of standard or special pitch. A micrometer ad- 
justment is provided at one side of the head, by which quick 
and accurate variations can be made in the diameters of the 
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Fig. 1. Maines Self-opening Die. 

thread, for tight or loose fitting screws, as desired, and as the 
dies are adjusted simultaneously, the greatest accuracy is as- 
sured. The construction of the die and mode of holding are 
such as to allow a thread to be cut flush up to a shoulder if 
desired, and as the shank of the die head is made hollow, any 
length of thread may be cut which the travel of the lathe or 
turret slide will permit. 

The dies are opened automatically by simply stopping the 
travel of the carriage or turret slide, and in regular practice, 
the turret stop screw is set to govern the travel of the turret, 
and at the same time, the length of the thread to be cut, al- 
though the die may be opened at any point on the cut by simply 
holding back on the turnstile or lever by which the carriage or 
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turret slide is moved, the dies being closed again by means of a 
small handle provided at one side of the head; or they may 
be closed automatically. The distinctive feature of this die 
head is the arrangement of the chasers which are so placed as 
to receive the thrust on top, thereby giving it the strength of 
a solid die. 
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Fig. 2. Maines Self-opening Die. 


CENTERING AND DRILLING MACHINE. ‘ 


The Nazel Machine Tool Works, Philadelphia, Pa., have re- 
cently placed upon the market the centering and drilling ma- 
chine illustrated herewith. This machine consists of an up- 
right column or stand to which the bed is securely bolted. 
Upon this bed is mounted a drilling head and a two-jaw center- 
ing vise which can be clamped at any point along the length 
of the bed by a half turn of the binding nut. The bed has a 
pevel on the inside of the shears so that clamping the vise in 
this way insures accuracy and prevents any unnecessary strains 
on the shears. No matter how much wearing may take place, 
the center of the vise will always be in perfect horizontal al- 
ignment with the spindle. The form of the vise is such that 
not only round but square and octagonal-shaped pieces may 
be held equally well. The faces of the jaws are steel lined. 


New Centering and Drilling Machine. 


The spindle is provided with an adjustable stop collar for 
drilling any number of holes to the same depth. Combination 
center drills and countersinks are used so that but one opera- 
tion, consisting of a simple movement of the hand lever, is 
necessary to perform both drilling and countersinking. The 
machine has a two-step cone and is furnished with short-work 
rest and drill chuck. An extension floor rest, for long work, 
can be supplied if desired. 
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NEW FIVE-FOOT RADIAL DRILL. 

The Dreses Machine Tool Co., Cincinnati, Ohio, have just 
brought out the 5-foot radial drill that is illustrated in the 
accompanying half-tone. This machine is driven from a 
cone shaft, a central shaft in the column, spur gears on top 
and another pair of miter gears connecting the outside shaft 
with the back gears and the horizontal shafts. The inside 
column or stump extends nearly to the top of the column, 
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Five-foot Radial Drill, 


The bottom is as large in diameter as is consistent with the 
strength of the outside column and is of small diameter on 
top so as to decrease friction and insure easy horizontal move- 
ment of the arm. The outside column rests on taper roller 
bearings which are alternately full size and slightly smaller 
in order to obviate friction between them. The inner and 
outer columns, near the base, are turned of the same diam- 
eter and the clamping band encircles both so that by means 
of the one screw, shown in front. horizontal movement is 
firmly arrested without injuring the anti-friction bearing. 
The adjustable handle rod, shown below the arm, operates 
a double friction and starts, stops, engages the back gears, 
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Fig. 1. 


Self-opening Threading Die. 


and reverses the spindle in the ratio of the back gears, all 
while the machine is in operation. The handle shown in 
front of the sleeve encircling the column, operates another 
double friction clutch by means of which the machine is set 
for reversing when tapping; and it can also be used for direct 
tapping, especially for small holes where it is desirable to 
run the tap forward at a high speed and back out at but 
slightly increased velocity. The spindle has positive geared 
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feed which can be varied while drilling, by the handle shown 
in the slot. It has also a quick return which is operated by 
the large hand-wheel and it can be instantly engaged or dis- 
engaged by the handle above. 

Tkese machines are also made full universal, motor and 
variable speed countershaft driven. The latter can also be 
applied to the central shaft so that the arm can make a com- 
plete revolution without obstruction. 


SELF-OPENING THREADING DIE. 

The Modern Tool Co., Erie, Pa., have for some time been 
manufacturing the self-opening threading die shown in Figs. 
1 and 2, but to most readers its design and construction will 
be new. Its features of excellence are its simplicity, strength, 
ease of changing the chasers, and permanency of setting. The 
chasers are mounted in four grooved blocks having radial 
movement and which move with the chasers when the die is 
opened and closed. The chasers are held in the chaser blocks 
by screws, but bear at their outer ends against the solid metal 
of the blocks, so there is no side stress on the screws. The 
blocks are in turn supported by the cam ring which takes the 
thrust, due to the cut, directly in line, thus avoiding all ten- 
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Fig. 2. Detail of Self-opening Threading Die, 


dency to cant over and make the chasers cut tapering threads 
when the die becomes worn. The chasers being mounted in 
the grooved blocks, all wear due to the movement of the cam 
ring is taken by the blocks, so that there is no wear on the 
outer ends of the chasers. 

Threads may be cut flush to a shoulder and any length of 
thread may be cut since the shank is made hollow. The die is 
adapted to use on turret lathes and screw machines, being 
opened automatically when the limit of motion of the turret is 
reached. It may be closed by hand or automatically by a pin 
set opposite the handle which engages with the turret slide as 
the turret revolves. Adjustment is provided for varying the 
size of the thread for tight and loose fits. 


BENCH DISK GRINDER. 
The use of the disk grinder, employing a steel disk covered 
with emery cloth or paper, is increasing from day to day, and 
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Bench Disk Grinder. 


444 


most of the builders of grinding machines are now combining 
the regular emery wheel grinder with the disk machine. The 
bench grinder, presented in the halftone on page 443, car- 
ries on one end of the spindle a steel disk and on the other 
the regular emery wheel. The emery wheel is used for ordi- 
rary grinding and for roughing off the work before it is ap- 
plied to the disk. The disk is adapted to grinding drop forg- 
ings and castings of all kinds and for finishing brass, copper, 
machine steel, aluminum and such work as gibs, nuts, 
wrenches and the various parts used in electrical construction. 

The table has a rocking motion, which distributes the egrind- 
ing to the full surface of the disk, or it can be clamped rigidly 
in position. It can also be set at any angle from 45 to 90 
degrees. The emery paper or cloth can be secured to both 
sides of the disk by a quick drying cement, clamped in a 
press furnished for the purpose. A cup wheel can be used, in 
place of the disk, when desired, thus allowing the machine to 
cover a large range of work. This grinder is built by 
Delivouk & George, Chicago, Ll. 


A NEW SPEED CHANGING MECHANISM APPLIED TO 
THE “AMBRICAN” RADIAL DRILL. 

The illustration shows the latest form of radial drill that 
has just been placed on the market by the American Tool 
Works Co., Cincinnati, Ohio. The drill itself embodies all of 
the features of the “American” radials, to which has been 
added the improved form of speed changing mechanism which 
takes the place of the ordinary cone pulley. 

The device in brief is as follows: Two sets of friction 
clutches are controlled by the two levers shown on the front 
of the speed box. These two levers act independently and 
make it impossible to throw in any conflicting clutches, and 
so render a non-interfering device unnecessary. The friction 


American Tool Works Company’s Radial Drill with new Speed Changing 
Mechanism. 


clutches are of their double band type which have double the 
transmitting power of any other friction and when properly 
adjusted, form a practically solid connection. They are en- 
gaged or disengaged with very little effort through the me- 
dium of the levers as shown. The upper lever, thrown either 
toward A or B, communicates two rates of speed from the 
top shaft, through intermediate gearing to the lower shaft, the 
clutches on this shaft running at different speeds by reason 
of the different ratio of their gears. Then by throwing the 
lower lever toward C or D, each of the two speeds communi- 
cated by upper lever can be made to give two additional 
speeds to the lower shaft which carries the power to the ma- 
chine. This, with double friction countershaft and back gears 
on the head, gives sixteen changes of speed to the spindle, 
arranged in geometrical progression, giving a wide range for 
drilling, tapping and boring. The makers are prepared to 
equip any of their drills with the above method of mechanism. 
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TIDAL ENERGY CONVERTED TO POWER. 


Proceedings Canadian Society of Civil Engineers. 


In a paper read before the last meeting of the Canadian 
Society of Civil Engineers, C. P. Baillairge discusses the power 
of the tides and shows why it has never been used to any 
extent and why, in his opinion, it is not likely to be. He con- 
siders briefly tide mills, in which the water from the rising 
tide is allowed to flow up a stream or tributary to the sea, 
where it is retained by a dam, having openings that are closed 
just as the tide turns to go out; and concludes that at best 
they are an expensive mode of getting power. He then takes 
up the two methods of actuating a rotating mechanism by 
means of the tides and of storing energy by using weighted 
floats which rise as the water rises and which in descending 
give out their potential energy to some form of mechanism. 

The average direct motion or velocity obtainable at Quebec 
and vicinity may be taken at twelve feet rise and twelve feet 
fall or twenty-four feet per tide, or say, per twelve hours; 
though, due to the retardation of the moon’s motion, the tides 
may be some fifty minutes later on each successive day. This 
is equivalent to a motion of two feet per hour; or taking it 
another way, the rising and falling tide can only cause one 
revolution of a wheel in twelve hours, if actuated by crank 
action. 

Some motion or rotation of a wheel can be conceived of 
as actuated from a floating body rising and falling with the 
tide and operating a vertical rack which meshes in a pinion 
on the shaft of the driving mechanism. By this means several 
revolutions of the shaft might be obtained per diem. 

But the net duty derivable from such machinery, due to 
loss by friction, is but about 85 per cent. of the initial power 
and the mechanism in this case, to arrive at any reasonable 
velocity for manufacturing purposes, must at least be quin- 
tupled; and if this same allowance for retardation by friction 
obtained throughout, the loss would not be less than five times 
15, or 75 per cent., leaving but one-quarter of the initial 
power to the good. 

If, however, the loss by friction, as may sometimes be war- 
ranted, be taken at only 10 per cent. instead of 15, there would 
still be but four horse power realized out of every ten of the 
direct lifting or falling power of the tide, and this alone 1s 
enough almost to dissuade any one from falling back upon or 
appealing to the tides for a lucrative mode of creating or util- 
izing power; and if we attempted to reach such higher veloci- 
ties of revolution as required for electric power purposes, it 
is easy to see how the whole or nearly the whole of the initial 
power of the tides might be absorbed in so doing and not 
enough of it remain to make it a paying business. 

Therefore, is it probable that if the tides have not as yet 
been utilized by man, it is because he has by mental process 
gone through the line of reasoning here laid down, and thus 
become convinced of the futility of making the trial, especially 
under the discouraging consideration that not only is there 
the loss by absorption by rubbing surfaces, but the other allow- 
ance of 10 per cent. for wear and tear, and consequent re- 
pairs, etc. 

But as yet we have said nothing of what this power of the 
tides really is; this apparently, or at first sight, is almost irre- 
sistible power, since with the tide rises every thing upon its 
surface, even to a twenty or thirty thousand ton vessel of war, 
and which would similarly lift a city if built upon the water 
on a water-tight platform with depth of water sufficient to 
allow it to sink till the weight of water displaced were equal, 
as with a vessel, to the weight supported. 

This great power, however, is only apparent as the tide 
wave has no greater power than that which is required to raise 
its own weight of water to the average height of one-half a 
tide or one-half the weight of water to the full height of ampli- 
tude; the weight of the vessel or other object on the water 
being supported by the water, irrespective of the lifting power 
of the tide, as represented by the hydrostatic pressure exerted 
as above mentioned, by the weight of the equivalent volume 
of water displaced; so that where the vessel or object rests or 
floats, the weight to be raised by the tide is the same as else- 
where or as where there is nothing on its surface. 

In other words, the lifting force of the tide per square foot 
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is, for an average rise and fall of twelve feet, equal to twelve 
cubic feet of water or 750 pounds raised to an average height 
of six feet, making 4,500 foot pounds. But we also have the 
same power developed in the falling tide as in the rising tide 
and the 4,500 foot pounds must thus be doubled to represent 
same power developed in the falling tide as in the rising tide 
in twenty-four hours we thus get at the fact that every square 
foot water surface exercises 18,000 foot pounds in twenty-four 
hours. 

A horse power is equivalent to 33,000 pounds raised to the 
height of a foot in one minute and thus every square foot of 
water surface in such a tidal river as the St. Lawrence is a 
source of power only equivalent to about one-half or two-thirds 
of a horse power in twenty-four hours. 

Calling it equivalent to one-half horse power in twenty-four 
hours and remembering that the value of a horse power is 
33,000 foot pounds per minute and that there are 1,440 min- 
utes in one day of twenty-four hours, it is evident that double 
1,440 or 2,880 square feet of float area would be necessary to 
secure one horse power continuously during twenty-four hours. 
We therefore arrive at the conclusion that, when running, as 
would be usual, during eight or ten hours out of the twenty- 
four, it would require an area of from eight hundred to one 
thousand feet or thereabout, of water surface, to represent one 
horse power or a float of say forty or fifty feet by twenty feet, 
or for one hundred horse power say again one of eight hun- 
dred to one thousand feet by one hundred. 

And, therefore, if the writer’s figures be correct, it is not 
to be wondered at that the power of the tides has never as yet 
been, nor is ever likely to be, economically utilized for indus- 


trial purposes. 


NEW TRADE LITERATURE. 


Tue NORTHERN ELbCcTRICAL Mre. Co., Madison, Wis. Booklet No. 
31 describing and illustrating the Northern direct-current generators 
which are built in all standard sizes and in belted and engine types. 
The booklet is sent free on request. 

THE Brrtrs MAcHINE Co., Wilmington, Del. 
improved slotting machines. They are built in the following sizes: 
8-, 10-, 12-, 15-, 18-, 21-, and 24-inch and can be arranged to be 
electrically driven, if desired. 

A. J. PotKk & Son., Millersburg, Pa. Catalogue and price list of 
screw plates, taps, dies, reamers, milling cutters, etc. These are 
all described and illustrated, and the company call attention particu- 
larly to their common sense screw plate of which they are the in- 
ventors. 

BAKER Bros., Toledo, O. Catalogue No. 8B of drilling, boring and 
tapping machinery. Here are shown five styles of drill presses, various 
sizes of tapping and boring machines for large and small work, several 
sizes of chucks for holding flanges, a locomotive rod boring machine, 
built in two sizes, etc. The company state they will be pleased to 
send this catalogue to anyone interested. 

Tur WHITCOMB Mrc. Co., Worcester, Mass. Standard size cata- 
logue of the Whitcomb planers. Wight sizes of these are shown, from 
the 17-inch to the 48-inch, and the 36, 42 and 48-inch planers are 
furnished with or without second belt drive, as desired. Several 
pages are devoted to a full description of the Whitcomb planers. The 
catalogue is printed on heavy coated paper, the illustrations are 
handsome, and it presents in general a most attractive appearance. 

Tun CHALLENGH MACHINE Toou Co., INc., Philadelphia. Circular 
illustrating the ‘‘Challenge’’ emery wheel dresser, accompanied by 
small section of emery wheel showing the grooved surface that can be 
produced on the periphery of the wheel with this dresser. It is 
claimed that a wheel grooved in this manner is 25 per cent. more 
efficient than the ordinary smooth-faced wheel. The circular also 
describes the line of combination grinders manufactured by the com- 
pany. 

BE. G. SmitrH, Columbia, Pa. 


Catalogue No. 14 of 


New edition of booklet of Columbia 


ealipers. A number of vernier calipers of various sizes and styles 
are shown and described. Sphercmeters, micrometers and the ‘“‘Which 
Way” pocket level are also illustrated. Some testimonials of the 


satisfaction expressed by users of these various products appear, and 
a page is devoted to the Tripoli germ-proof filter, No. 4, also manu- 
factured by Mr. Smith. This booklet will be cheerfully sent to any- 
one interested. 


Tut BINSSH MACHINE Co., Newark, N. J. Catalogue No. 2, 1908, 
of the “‘Binsse’’ horizontal boring machine. These tools are manu- 
factured in three sizes: The B machine with 2%%-inch, the C with 
3%-inch and the D with 4-inch bar. Sizes No. 3, 5 and 9 and their 
different parts are illustrated. Then follow examples of work that 
can be done on this machine, such as boring drill jigs and off-set 
brackets, drilling worm boxes and right and left worm shaft bear- 
ings, etc. 

Pratt & WHITNEY Co., Hartford, Conn. Leaflet bearing a picture 
of the fine new building erected by the company for the manufacture 
of taps, dies, milling cutters, reamers, etc. The leaflet asks the 
pertinent question: ‘Can a small toolroom compete with a big 
factory ?”’ the inference being, of course, that it cannot. A toolroom 
is a necessity for every well-ordered machine shop for the purpose 
of keeping tools in repair, but as a manufacturing proposition it is 
‘not in it.’ The new building practically doubles the small tool 
department capacity of the company, which was already large. 

Tus Brown & SHARPH Mra. Co., Providence, R. I. Catalogue, 1908 
edition, of the company’s machines and tools. It contains 458 pages, 
has been thoroughly revised and considerable matter has been added. 
Its size, 53%, x3% makes it » volume convenient to handle, and the 
numerous tables and other useful information it contains render it 
valuable as a work of reference. It would not be possible to 
enumerate all the products described and illustrated in this catalogue, 
which those interested may secure, without charge, upon application. 
A very complete index is published at the beginning of this work, and 
a colored insert contains the principal additions of the past year to 
the various lines of machines and tools previously manufactured. 
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HAMMACHER, SCHLEMMER & Co., New York. Catalogue 180, of 
tools for machinists, metal-workers, carpenters, cabinet-makers, wood- 
workers, wood-carvers, patternmakers, jewelers, plumbers, gas-fitters, 
upholsterers, sculptors, masons, modelers, painters, paper-hangers, 
ete. This catalogue which is a large book of over 800 pages, hand- 
somely bound in red cloth, embraces the large line of tools and 
mechanical supplies handled by this company, who have been in 
business in New York since 1846. The index alone covers 19 pages 
which gives an idea of the number of subjects catalogued. The book 
is profusely illustrated with cuts and is sent free to all manufacturing 
concerns. Private buyers can obtain copies by sending 60 cents which 
will be refunded when purchases to the amount of ten dollars have 
been made. : 

TH WARNER & Swasny Co., Cleveland, O. General catalogue 1903 
of machine tools. This is a very handsome catalogue, printed on 
heavy coated paper and containing a large number of excellent halt- 
tone engravings. Herein are illustrated the hollow hexagon turret 
lathe; the 30-inch vertical turret machine; turret screw machines 
Nos. 1 to 6; turret lathes with or without automatic chuck, 
geared-friction head or automatic feed; forming turret lathes 
of 12-, to 18-inch swing; three sizes of universal turret lathes; a 
two-spindle and a four-spindle valve milling machine; an automatic 
boring and tapping machine, made only to order; double head key 
lathes; a manufacturing milling machine, a cutting off machine; a 
horizontal boring machine, etc. Matter descriptive of these various 
machines, of their parts, and of their operation is given. In their 
introduction the company invite all interested, to visit their works 
at Cleveland. 


MANUFACTURERS’ NOTES. 


J. D. Huruny and A. B. Houmns, formerly connected. with the 
Standard Pneumatic Tool Co., are now associated with the Rand 
Drill Co., New York, in the “Imperial”? pneumatic tool department. 

THp RAILWAY APPLIANCES Co., Old Colony Bldg., Chicago, Ill. 
have appointed Mr. C. C. Murray to represent them at Pittsburg, 
where he will devote his time principally to the sale of the Q@ & C. 
pneumatic tools. 

R. McCarty, formerly manager of the Bignall & Keeler Mfg. Co., 
Edwardsville, Ill., has resigned his position with that company and 
on April ist assumes the duties of manager of the Stoever Foundry 
& Mfg. Co., Myerstown, Pa. 

THp R. D. Nurrauu Co., Pittsburg, Pa., recently received an order 
from a prominent automobile company for 12,000 gears. They state 
una waney think this is the largest individual order for gears ever 
placed. 

THE CLEVELAND PNEUMATIC Toou Co., Cleveland, O., are now 
located in their new plant, corner 2d and Hawthorne Sts., where they 
have greatly-increased facilities. Their new plant is up-to-date in 
every respect. 

Tub HspHn-LucAS MACHINE WorkKS, Philadelphia, Pa., builders of 
machine tools, and special machinery, have bought the designs, 
machines, jigs, tools, ete., of the Franklin Machine Works, Inc., 
Philadelphia, and are prepared to supply these machines and other 
machine tools at short notice. 

Top O. K. Toot Houppr Co., Shelton, Conn., have just added to 
their line a new holder which is % inch x 1% inches, known as size 
D, and also another size to their cutting-off tools, 54 inch x 14% inches, 
known as size C. The business of this company is increasing very 
rapidly, showing that their tools are meeting with the approval of 
users. 

Tor NORTHERN Mrc. Co., 2538 BHast HWighth St., St. Paul, Minn., 
have been incorporated with a capital of $50,000, to do a general 
manufacturing business. Their specialties are Northern metallic 
packing, the Curran locomotive whistle and the FHurhman-Nelson 
pneumatie motor, ete. The officers are: Alfred Munch, president; 
S. B. Mack, vice-president; S. R. Parslow, treasurer, and D. BE. Ander- 
son, secretary. 

Tup AMERICAN TooL WorxKS Co., Cincinnati, O., 
undergone some changes in the personnel of their management. 
Franklin Alter is president; Henry Luers, secretary and treasurer ; 
J. B. Doan, general manager; A. H. Robinson, general superintendent. 
The company report that February’s business was the largest month’s 
business in their history. Extensive alterations are being made to 
meet their increasing needs. ‘They have just brought out several new 
tools, and state they are much gratified at the success attending their 
introduction. 

Tur NORTHERN HNGINEERING WorKS, Detroit, Mich., crane builders, 
report a large volume of business and an increasing demand for their 
electric traveling cranes. Among the orders recently received are 
the following: C. D. Jackson & Co., a 25-ton crane; the Detroit 
Shipbuilding Co., five cranes, of from 5 to 40 tons; the Allis-Chalmers 
Co., 12 cranes; the American Shipbuilding Co., 8 electric cranes. 
Also orders from P. A. Clum & Co., the C. & G. Cooper Co., and the 
Macbeth Iron Co. They are also installing their hand power cranes 
of the traveling and jib type. 

THE PHILADELPHIA PNbUMATIC Toon Co., Philadelphia, Pa., have 
secured a contract from the Lake Shore & Michigan Southern Rail- 
way Co. to supply them with all the pneumatic hammers which they 
will use in the new Collinwood Shops and on the entire system for 
a period of one year. This contract is awarded after a competitive 
test of all the different makes of pneumatic tools. They have also 
received large orders for chipping and riveting hammers and drills 
from the Wabash, the Delaware & Hudson and the Central of New Jer- 
sey Railroads. 


have recently 
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Advertisements in this column, 25 cents a line, ten words to a line. 
The money should be sent with the order. 


AN INVENTOR of a new system of locomotives with extraordinary 
power upon 2 and 4 buggies, all wheels being drivers, desires the asso- 
ciation of a capitalist for obtaining patents from different countries. 
and building of such engines, Address ANTHONY TITTEL, 2306 
So. 11th St., St. Louis, Mo. 


BOOK, “DIES AND DIEMAKING,” 100 6x9 pages, $1, post paid; 
send for index. J. L. LUCAS, Bridgeport, Conn. 


EXPORTERS to Germany desiring catalogs translated will find it 
profitable to address H. O. Reuleaux, Mech. Eng., Wilson, Pa. 


EXPERIENCED ‘advertiser, correspondent, and machine salesman, 
several years connected with leading manufacturing house, is open 
for engagement. Ai references. Address W. T., care MACHINERY, 
66 West Broadway, N. Y. 


FORHMAN.— First class mechanic desires position as foreman on 
any mechanical work. Position must be permanent. Address Fore- 
man, care MACHINERY, 66 West Broadway, New York. 


(Continued on page 448). 
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The Regular Gy. 
Rate for ao 
Rough Milling ye 


these pieces of drop-forged steel is at a table feed of 6 inches per 
minute on the 


NO. 2 PLAIN CINCINNATI GEARED-FEED MILLER. 


The cutter makes 120 r.p.m., feeding .o50 inch per turn, taking a 
cut 5-8 inch wide and removes 1-16 inch of stock; then the feed is 
reduced to .033 inch— 4 inches table travel per minute for the fin- 
ishing cut. 

This change in feed is accomplished by the simple movement 
of the lever without stopping the machine. This is our quick feed- 
change feature, which is just as important as the geared feed. 

How long does it take to change the feed on the millers you 
are using? If they are not new *‘Cincinnatis’, you are losing a lot 
of time. 

ASK FOR “EXAMPLES OF RAPID MILLING.” 


We are Milling Specialists. 


The Cincinnati Milling MachineCo. 


Cincinnati, Ohio, U.S.A. 


EUROPEAN AGENTS—Schuchardt & Schutte, Berlin, Cologne, Vienna, St. Petersburg, Brussels and Stockholm. Adolphe Janssens, Paris. 


Chas. Churchill & Co., London. Birmingham, Manchester, Newcastle-on-Tyne and Glasgow. 
Niles-Bement-Pond Co., 39 Victoria St., London, S. W. 
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MISCELLANEOUS (Continued from page 446). 


FOR SALE—1 Reihle Brake Testing Machine for Gas Engine Work ; 
cost $300.00 new. THE PATTERSON TOOL & SUPPLY CO., Day- 
ton, Ohio. 


FOR SALE CHBAP.—An office telephone system with five stations, 
in good order. Address, ‘“THLEPHONE,” care of MACHINERY, 66 
West Broadway, New York. 


FOR SALH CHEAP.—New treatise on weiding and forging all the 
new steels, and five welding compounds for same. Thermit welding is 
also explained, and 75 new steel working methods and receipts cover- 
ing all difficult smithing. Two colored scientific tool tempering charts 
A and B, also all the above for one dollar. Samples free. W. M. 
TOY, Sidney, Obio. 


MACHINERY SALESMAN WANTED, to handle as a side line, 
machines suitable for use in all wood and metal working factories. 
Address “SALES,” care MAacuinery, 66 West Broadway, New York., 


MACHINISTS’ 50 PAGE BOOK.—Rules and Pointers just from 
press. Price 25 cents. Address WM. POWLDS, 485 North St., St. 
Paul, Minn. 


MACHINISTS send 5 cents in stamps for blue print table of U. 8. 
standard steam, gas and water pipe, giving tapping sizes. Address 
BE. E. MEYER, Allegheny, Pa. 


MACHINISTS.—The Monotype Company has openings for intelli- 
gent young machinists. For a limited period free instruction will be 
given to a few, and expenses paid while learning, to fill waiting posi- 


tions at good wages. Write for application blank to THE LANSTON 
MONOTYPE MCH. COMPANY, 1231 Callowhill St., Philadelphia, Pa. 


PATENT YOUR ORIGINAL IDEAS.—They may be valuable some 
day. If in doubt as to patentability, write me, giving sketch and full 
description, and I will give you my opinion as to patentability free of 
charge. F. H. KING, Patent Lawyer and Solicitor, 1462 Monadnock 
Bldg., Chicago, Ill. 


PATENTS.—H. W. T. Jenner, patent attorney and mechanical ex- 
pert, 608 F Street, Washington, D. C. Established 18838. I make an 
examination free of charge and report if a patent can be had and 
exactly how much it will cost. Send for circular. Member of Patent 
Law Association. 


SEE my Test Indicator, page 31. H. A. LOWP, Waltham, Mass. 


THE Wellman Sole Cutting Machine Co., of Medford, Mass., designs 
and builds light machinery. Correspondence solicited. 


WANTED.—Heavy boring mill and lathe work; also machinery to 
build on order. KROM MACHINE WORKS, 10 Essex St., Jersey 
Gity, Net J: 


WANTED.—AIl kinds experienced engineers, draftsmen, foremen 
and superintendents to register; positions open. CLEVELAND EN 
GINEERING AGENCY, Box 71, Station B, Cleveland, O. 


WANTED.—Second-hand electric traveling crane, about 30 ft. 
span, stone capacity. Address POORMAN MFG. COz, Piqua,.O. 


WANTED—By a practical machinist and marine engineer, position 
as foreman, master mechanic or superintendent of construction. Con- 
tracted and built Rolling Mills, Distillery, Cooperage and Glucose 
Machinery; also built, tested and set up Marine Hngines in steamers. 
Best of reference. Chicago reference, Robert Tirant, Engine & Tool 
Builder. Address “J. C. F.,” care MAcHINHRY, 66 West Broadway, 
New York. 


WANTED.—A responsible firm to manufacture on royalty a spe- 
cialty in machine tools which has been on the market and in success- 
ful operation for several years. The present owner lacks the facilities 
and capital to produce them in sufficiently large quantities. Address 
a TOOL,” care of MAcHINERY, 66 West Broadway, New 
York. 


WE HAVE COMPLETED a modern, up-to-date foundry and machine 
shop, equipped the same with the latest and most improved machinery 
that could be purchased, and are wanting journeymen patternmakers, 
moulders, and machinists, and invite applications for these positions. 
Apply or address KENNEY & CO., Scottdale, Pa. 


WANTED.—-A first-class machine tool salesman to travel in the 
South for a Southern House. State experience, age, present employ- 
ment and salary expected. SOUTH, care of MAcHINmERY, 66 West 
Broadway, New York. 


WANTED.—A first-class foreman to take general charge of a small 
shop manufacturing power transmitting machinery. Must be a hustler 
and understand this line of business. State experience, shops em- 
ployed in, and salary expected. TRANSMISSION, care of MACHINERY, 
66 West Broadway, New York. 


WANTED.—A machinist in every shop to sell my Calipers and 
Levels. Liberal proposition. Address BH. G. Smith, Columbia, Pa. 


WANTED.—First-class floor hands experienced in the erection of 
Machine Tools, those familiar with lathes or shapers preferred. Steady 
employment at fair wages. State where now employed and give 
record of employment for past five years. A good place, fair treat- 
ment and congenial surroundings. Town of 30,000, living expenses 
reasonable. Address, giving full particulars as to age, etc., W., care 
of MACHINERY, 66 West Broadway, New York. 


WANTED.—An American born and educated mechanical engineer 
to travel, introducing our line of Pneumatic Machinery and Labor 
Saving Devices for shops, foundries, and other classes of manufactur- 
ing plants. Must have some manufacturing experience and ingenuity 
to apply our devices successfully. CURTIS & CO. MFG. CO., St. 
Louis, Mo. 


WANTED—A few more orders for Gray Iron Castings. Have in- 
creased our foundry capacity and would like an opportunity to figure 
on your work. ATHOL MCHE. CoO., Athol, Mass. 


WE are constantly increasing the scope of our work, and invite 
applications for positions from first-class patternmakers, molders and 
machinists. We always have vacancies. Address THE WESTING- 
HOUSE MACHINE CO., East Pittsburg, Pa. 


WE do pattern work, turret lathe work, machine jobbing, build 
special machinery, with a modern equipment; also make fine machin- 
ery casting. McKARLAND FOUNDRY & MACHINE WORKS, Tren- 
ton, N. J. 


GALVESTON, TEX., September 13, 1902. 
Burt Mfg. Co, Akron, Ohio. 

Gentlemen:—Answering your favor of September oth, 
we beg to state that the oil filter that we have purchased 
from you and installed on the 28th of May is giving us entire 
satisfaction and enables us to use the oil over and over again 
whereas formerly without it, we could not use the oil after it 
had once been used and discharged into the drip pans, etc. 

: It is difficult to state just how much we are saving at this 
time but it seems logical and safe to state that we would be 
using twice as much oil if we were without the services of 
your filter, Yours truly, 

TEXAS STAR FLOUR MILLS, 
J Reymershoffer, Pres. 


50%. 
90%, 
? 


Figure it out. 


If one firm is saving filty pen 
cent. of their oil through the use 
of Warden Filters, and anette. 
concern estimates their saving at 
ninety per cent., how much will a 
Warden Filter save in your plant? 

To facilitate the solving of this 
problem we will send you a Warden 
Filter, any size desired, on 30 days’ 
trial—filter to be returned at our 
expense if the answer isn’t 50 per 
cent..or better 


Catalogue shows all sizes. 


The Burt Manufacturing Co. 


Main & Howard Sts., Akron, Ohio, U.S. A. 


Shelby & Co., London, E. C., England, Sole Agents for 
Great Britain. 


ELYRIA, OHIO, D 

The Burt Mfg. Co. Akron, Ohio. : ee eee 

Gentlemen:— Replying to your favor of the 4th inst. we 
conferred with our Engineer at the mine, who informed us 
that he was greatly pleased with your Oil Filter, and that 
the saving in oil would exceed 50 per cent.; in fact he thought 
the saving at least 90 per cent. 

We take pleasure in recommending your Filter. 

Yours truly, 
THE FLUSHING COAL COMPANY, 
Per T. S. Faxon, Pres, 


April, 1903. 
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SWAGING MACHINES AND THE COLD SWAGING PROCESS. 


tain classes of work is, as a machine shop operation, 

very little, if at all, recognized. The success, however, 
with which this process is employed for certain purposes would 
seem to indicate that its use might be applied with profit to a 
szreat class of work that is at present performed either by hot 
forging or by machining. ; 


qh Swaging process, although extensively used in cer- 


Fig. 1. 


Rotary Swaging Machine, 
(Langelier Mfg. Co.) 


Cold swaging is the act of reducing or forming steel or other 
material while cold, such as drawing to a point or reducing the 
diameter of the work. This is performed by a machine which 
causes the work to be struck a great number of successive 
blows by a pair of dies of suitable shape to give the required 
reduction. The process is mainly applied to reducing wires, 
rods, and tubes, and is the only process by which rolled or 
plated stock can be reduced without destroying the plating or 
coating. For this reason it is largely used for jewelers’ work. 
such as forming spectacle temples, fancy pins, and similar 
pieces. It is also extensively used for pointing rods or tubes 
which are to be drawn. It will put the best point known to 
wire drawers on a rod or piece of wire in a fraction of the 
time that would be required by any other method, and the 
Same applies to its use on tubing. The millions of needles, 
bicycle spokes, button hooks, crochet needles, etc., which are 
turned out annually serve to show some of the possibilities of 
the swaging process. 

As an illustration of the saving of stock that may be accom- 
plished by the use of this process, we will consider a simple 
piece of rod which is tapered from full diameter to a small 
point, as shown in Fig. 3. In the view of the piece marked 4, 
the dotted lines show the original piece of stock from which it 
would be made if the work were done on a lathe or screw 
machine, by the machining process, the dotted section showing 
the amount of material that would be wasted. In the lower 
view, B, the dotted lines show the amount of stock that would 
be required to produce it by the swaging process and there 
would be no waste whatever. 

What were, without doubt, the original swaging machines 
were used in the Naugatuck Valley of Connecticut some time 


For the historical portion of this article we are indebted to Mr. S. W. 
Goodyear, of Waterbury, Conn., and for the description of the horizontal 
ees machine to Mr. W. D. Pierson, of the Waterbury Machine Co. 
The Langelier Mfg. Co. and the Mossberg & Granville Mfg. Co. have also 
assisted in its preparation by contributions of photographs and samples. 


previous to the ’60s, one of them at the works of Wallace & 
Sons, at Ansonia, and the other at the works of the Benedict 
& Burnham Mfg. Co., at Waterbury. The machine at the first 
named place was the design of Mr. George Doolittle, now de- 
ceased; while the latter was the work of Mr. George Somers, 
now president of the Bridgeport Brass Co. These devices 
were very simple, hardly rising to the dignity of machines, and 
were used as attachments to lathes. A block containing the 
stationary or bottom die replaced the tool post in an engine 
lathe. The top or reciprocating die was placed in the end of 
a lever whose opposite end was fulerumed to a projecting arm 
of the block which carried the stationary die. A shaft with 
tappets on its periphery was mounted between the centers of 
the lathe and served to drive the end of the lever down, while 
a spring was used to throw it up after the blow had been 
struck. A stop was arranged to limit the upward motion of 
the lever. It will be seen that as the driving shaft was rapidly 
revolved, the arrangement presented a means for the bringing 
together and drawing apart of the dies in a rapid succession 
of blows. In one place this device was used to form a peculiar 
shape of cartridge shell, and in the other shop it was used for 
pointing the tips of lightning rods. 

About 1860, two shopmates, O. L. Hopson and H. P. Brooks, 
invented a wire buckle. How to point the tongue of this 
buckle, became a problem with them and they began by the 
very obvious method of striking between dies which made the 
point; but the superabundant metal was thrown out in a flash 
or wing, at the joint between the dies, and these flashes had 
to be subsequently cut off. This led to a discussion of the 
possibilities of swaging a point by a succession of compres- 
sions, each so slight as to produce no flash or fin. Their first 
machine, a crude affair, was successful in its operation, and 
like many other inventions, it opened the way to a considera- 


(Fig. 2. Rotary Swaging Machine, showing Dies and Rolls. 
(Mossberg & Granville Mfg. Co.) 


tion of adapting the new principle to other uses. This called 
for improvements in the devices for forcing dies together, and 
Mr. E. J. Manville, a noted inventor, was called upon to devise 
improved means for producing the succession of compressions 
which, up to this time, had been accomplished on the trip 
hammer tappet principle and had been found objectionable on 
account of too great wear upon the parts. Mr. Manville hap- 
pily hit upon the use of swinging cams, or detached toggles, 
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which, when the dies were driven together, constituted with 
them, as engaged in alternate pairs, the well known and pow- 
erful device, the knuckle joint. Here was a means of avoiding 
the use of the objectionable tappets and of putting the pres- 
sure required, really a crushing force, upon a good, broad 
concavo-convex surface capable of standing up under the 
pressure. 


~adoretmial Press, N.¥. 

Fig. 3. Diagram Illustrating Saving of Stock by the Swaging Process. 

The Hopson and Brooks machine, with the Manville im- 
provements, soon came to the front as the machine par excel- 
lence for pointing rods and wires for drawing, finding its way 
into the wire mills for that purpose, as well as for use in 
many lines of industry in which articles of metal require to 
be reduced, tapered, or pointed, such as taper dowel pins, 
button hooks, marking awls, needles for sewing and knitting 


Fig. 4. Samples of Work Done with the Rotary Swaging Machine. 


7-8. Machine Needles (Steel). 
9-10-11. Cotton Machine Spindles 
(Hard Steel). 
12. Bitt (Steel). 


1-2. Spectacle Temples (Steel). 
8. Fancy Pin (Rolled Stock). 
4. Ring Body (Plated Stock). 
-6. 


5 Pin Tongues (Steel). 


machines, and kindred articles. A very important field which 
the swaging machine occupied in its early development was 
that of furnishing the means for the production of drill rods 
to take the place of the well-known and justly-celebrated bright 
steel rods used for taps, drills, reamers, etc. This manufac- 
ture of American drill rods, beginning in 1867 by the use of 
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Fig.5. Diagram Illustrating Principle of the Rotary Swaging Machine. 


imported steel, was continued in Connecticut until 1878. A 
leading American steel company, located in Pittsburg, Pa., 
then acquired the machines and patents and at once com- 
menced the production of real American drill rod from their 
best special steel, an industry which is still continued and 
increased to very large proportions. 
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From these early developments swaging machines have come 
to be one of the recognized factors in mechanical production. 
They are now built upon two entirely different lines, i. e., those 
having the dies mounted in a revolving head, called rotary ma- 
chines, and those having the dies mounted in slides, working 
horizontally, called horizontal machines. We will consider the 
construction and principle of the machines of each of these 
classes. 


Fig 6. Goodyear Rotary Swaging Machine. 
Waterbury Farrel Foundry & Machine Company.) 


Rotary Swaging Machines. 

The rotary swaging machine is now being made by a num- 
ber of manufacturers, and while the details of the different 
machines vary in some respects, the principle is the same 
throughout. Representative machines, made by several of the 
swaging machine builders, are shown in Figs. 1, 2, 6, and 7. 

The principle of the modern rotary swaging machine is 
shown in the line drawing, Fig. 5. Inside of the head in 


Fig. 7. Goodyear Rotary Swaging Machine, showing Arrangement of 
Dies and Toggles. 


which the spindle revolves is a set of hardened steel rollers, 
BBB, which are fitted in recesses in the fixed casting, each of 
them being free to run on its own axis. The front end of the 
spindle A is large and has a slot across its face in which the 
hammer blocks slide. These have recesses in their inner ends 
for holding the dies, DD, and in their outer ends are the rolls, 
EE, which are free to turn when they come in contact with 
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those in the head. As the spindle revolves and the rolls in 
the die blocks are brought into contact with those in the head, 
the dies are forced together onto the stock. After passing a 
set of rolls, the dies are thrown apart by the action of cen- 
trifugal force, which keeps them separated until the next set 
of rolls is encountered, when another blow results. The ma- 
chines are run at a spindle speed of from 400 to 500 revolutions 
per minute, and as there are eight rolls in the head, the result 
is from 3,200 to 4,000 blows of the die per minute. The work 
in these machines is not rotated, as the rotation of the spindle 
distributes the blows evenly around the circumference of the 
piece being operated upon. In the type of machine shown in 
Fig. 7, the rollers are replaced by oscillating cams which, 
when they come in line with the ends of the die blocks, form 
a powerful toggle joint and bring the dies together with great 
force. Adjustment is provided for by means of a series of set- 
screws which cause the wedges back of the cams to slide in 
toward the center. Some samples of the work done with the 
rotary machines are shown in Fig. 4. 


Horizontal Swaging Machines. 


The horizontal swaging machine was originally designed by 
Mr. John Henderson, of Waterbury, Conn., and the first ma- 
chines were built by him. Later the manufacture was trans- 
ferred to the Waterbury Machine Co., by whom this type of 
machine is now manufactured. The horizontal machine is 
especially designed for work of a heavy nature, such as is 
encountered in mills where rods and tubing are manufac- 
tured. It is constructed on an entirely different principle 
from the rotary machine. Fig. 8 shows a machine of this type. 
The round hole at the left, in line with the upper bearing, is 
the opening where the work is introduced. The center of this 


Fig. 8. Horizontal Swaging Machine. 
(Waterbury Machine Co.) 


hole marks the place where the dies are split on the vertical 
line. One-half of the die is backed up directly against the 
heavy casting of the frame, and the other half, toward the 
bearing, has a reciprocating motion on the horizontal line. 
The means by which this motion is obtained will be seen by 
reference to Fig. 9. 

The lower main shaft A carries the balance wheel and has 
a crank of short throw between the bearings, while the upper 
shaft, B, of large diameter, has a crank with a throw about 
six times as great. A connection C joins these two cranks, 
and it will be seen that if the lower shaft makes a complete 
revolution, it will turn the upper shaft through but a portion 
of the circle. If a line be drawn through the center of this 
upper shaft, so that. it is horizontal when the shaft is in the 
middle portion of its turn, it will follow that this shaft will 
have a rocking motion about its center, and the diametrically 
opposite points where this line meets the periphery of the 
shaft on either side will each pass the center twice for every 
revolution of the pulley. If, now, a system of horizontal tog- 
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gles be interposed between the reciprocating block and the 
frame casting at the right, in which system the middle block 
passes through the shaft, it will follow that by the rocking 
motion of this block the distance between the extreme ends 
will increase and decrease twice per pulley revolution, or, in 
other words, the number of blows will be twice the speed of 
the pulley. A spring, not shown in the cut, is used to separate 
the dies between the blows. 

These machines reduce rods up to 25¢ inches in diameter and 
tubes up to 4 inches, the amount of reduction ranging from 144 
to 4% inch for rods and %& to ¥% inch for tubes, depending upon 
the diameter and nature of the material. Where a much great- 
er reduction is required than can be made by passing the 
work once through the dies, it has proved a great conven- 
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Fig. 9. Diagram illustrating the Principle of the Horizontal Swaging Machine. 


ience to use a machine with three sets of dies, which grad- 
ually decrease in size. This is brought about by lengthening 
the machine out at the left hand end for two extra pairs of 
dies, and as but one pair is in use at a time, the motion is 
transmitted from one set to the other, all having a sliding fit 
in the opening. The form of the die is a cube, so that four 
faces may be used, as required, the dies being turned around 
to bring similar half openings together. When small diameters 
are required several sizes can be cut on each face, and the 
changing from one size to the other is but the work of a 
moment. 

While the machine is principally designed to point rods and 
tubes for subsequent drawing through dies, it has numerous 
other uses, such as flattening round stock to a desired shape 
without waste of material. In this line it has been success- 
fully applied to shaping ends of rods for screw driver blades, 
the round rod being merely pushed into the opening and the 
finished article withdrawn without any fin or waste. Many 
other operations of a similar nature may be performed, and in 
this class of work it covers a ground not practicable with any 
other type of machine. 

The Scientific American describes an experiment to test 
the possibilities of propelling an ice boat by means of a 
rotary fan driven by a gasoline engine. The craft consisted 
of a platform 12 feet long by 4 feet wide, supported on 
runners and provided with a seat for the steersman. The 
boat was guided by. a pair of ordinary bicycle handle bars 
while the levers for controlling the spark, the mixture and 
clutch were within easy reach. 

The propeller, which is 4 feet in diameter, is mounted on 
a frame above the motor, which is a 234 horse power de Dion, 
connected with it by sprocket and chain. Its four blades 
are inclosed at the periphery by a flat band of their own 
width, riveted to them. This outer rim and the shape of 
the blades or pitch of the screw, are vital features of con- 
struction. 

When the motor is started at slow speed and the clutch is 
thrown in, the propeller begins to revolve slowly, and gradu- 
ally gains headway. As soon as it has attained a certain 
velocity of revolution, the sled starts slowly and gains speed, 
along with the propeller. 

Only one model has been made, but this was successfully 
tested, and carried three full-grown persons at a rate of 
fifteen miles an hour. The inventor believes that a machine 
with twin propellers, operated by two 10 horse power motors, 
would easily make two miles a minute. At the trial the 
weight of even six passengers did not affect its speed. It 
seems to run just about as fast across or into the wind, as 
against it; but when it goes into the wind, the number of 
revolutions increases and the motor runs faster. 
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SHOP CONSTRUCTION.*— 


POWER. 
OSCAR E. PERRIGO. 

In considering the question of power and its transmission to 
the different points in the plant where it will be required, 
we are confronted by a rather complex subject, and one which 
has been much discussed by many competent engineers in 
nearly all the mechanical journals during the past few years. 
The various methods and theories have had able champions 
in the special line in which they have been interested and 
rival claims have been ingeniously advocated to prove that 
they were the best methods to be adopted for nearly all condi- 
tions. One class have proven, to their own satisfaction at 
least, that while electricity is still in a very imperfect state 
of development and generally very imperfectly understood by 
a large majority of mechanics, it is to be the coming power 
for all purposes and may be used under nearly all conditions. 
Many of these claims have been well substantiated and the 
fact is that to-day there is a far greater and more general 
use of electricity in transmitting power than was thought 
possible even ten years ago. The ultimate limit to its useful- 
ness no one can foresee. Again, the advocates of compressed 
air have shown that this has many advantages as an easily- 
transmitted and very useful power, and in its special sphere 
is doing very efficient and admirable work. New applica- 
tions are constantly being found for it, and many operations 
formerly performed by hand are very much quicker, cheaper 
and better accomplished by its use. The sphere of its use- 
fulness has broadened very much in the last few years and now 
we find it in nearly all up-to-date shops, for a large variety of 
purposes. In this it does not take the place of electricity, 
but rather is used in conjunction with it, or with steam power 
for the purpose of providing the compressed air, aS may be 
most convenient. 

The old-time mechanic is, however, apt to “pin his faith” 
to shafting and belts as the most reliable method of trans- 
mitting power, perhaps because he is better acquainted with 
this method; while the younger men are prone to argue the 
efficiency of rope -transmission as the proper method. Many 
examples of efficient service by rope transmission might be 
cited, yet for the general purposes of a machine shop it is 
doubtful if it will ever replace leather belting. Recently the 
utility of transmission by chain has been revived and the in- 
terest in the subject very much increased by the improved 
forms adopted by later inventors. It is often exceedingly 
useful for the transmission of power within the limits of a 
single machine, formerly for operating feeds, and later for 
transmitting the principal power of the machine. Properly 
constructed, this system would seem to have a broad and 
practical field of usefulness in the future. 

But all of these methods and systems, when reduced to the 
plane of practice in providing for the power plant of manu- 
facturing concerns, are simply so many different methods of 
transmitting and distributing power, since it is to water or 
steam that we must look for our original power. We are con- 
fined, then, to these two sources of power—water and steam— 
and where the location does not provide us water power we 
must accept steam. Assuming the latter conditions in our 
manufacturing plant we must provide for steam as our source 
of power. 

This having been settled, the best means of transmitting 
the power to the machines on the ground floor of the machine 
shop, to those on the gallery floors, to those in the tool room 
and pattern shop, and to the forge shop, foundry and carpenter 
shop, must also be considered. The question of boilers will 
naturally come first, and, in this connection, the type best 
adapted to the work; also the best method of setting them to 
produce the most efficient results. Next, the type and the di- 
mensions of the engine, and the manner of its connections. 
And lastly, the method of transmitting the power to the ma- 
chines to be driven. 

In arranging our power plant we begin with the boiler room. 
We shall need a working capacity of at least 500 horse power. 
This may be distributed in a battery of boilers of 100 horse 


* This concludes the present series, but another series by the same au- 
thor, on shop equipment, will be published later.—EDITOR. 
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power each. One extra boiler is added so that in case of an 
accident to one of them, necessitating repairs, five of them 
may still be in proper working condition. Four of these 
boilers will be needed to run the engine, which leaves a 
margin of 100 horse power with which to supply the necessary 
steam for other purposes about the plant. Under ordinary 
conditions a sixth boiler may be added, giving 200 horse power 
for these purposes. By this arrangement there is the addi- 
tional advantage that the boilers may be cleaned one at a 
time without shutting down the power. 

The styles and types of boilers in the market are many and 
various, and most of them have good and practical claims to 
consideration in one way or another. But it is somewhat 
doubtful if any type will be devised that will become as 
popular for general use—or in the long run any more efficient 
and economical for hard, every-day service—as the return 
tubular type. Ofttimes the space in which the boilers must be 
located will determine the type, whether they shall be up- 
right or horizontal; and the method of firing them, as well 
as the kind of fuel to be used must be taken into considera- 
tion. Mechanical stoking is used with success in some in- 
stances, but as yet has not come into general use. Both oil 
and natural gas as a fuel are much used in such localities as: 
render them more economical than coal. 

Our boilers will therefore be of the return ‘ania type,. 
fired by hand, with the usual kind of soft or bituminous coal. 
They will be 66 inches diameter and 16 feet long, exclusive 
of the curtain sheet under the space occupied by the ‘‘up-take,” 
or smoke connection. The arrangement for setting the boilers 
is shown in vertical, longitudinal section in Fig. 1 inv aaa 
vertical cross section, and half front elevation in Fig. 2, and 
in a horizontal section above the grate line in Big o3.. Lhere 
are several matters in connection with the setting of boilers: 
which should be strictly attended. to. Among these are the 
following: Two courses of bricks should be laid above the 
floor line of the boiler room for the boiler fronts to rest upon; 
the top course at least should be headers, and carefully level- 
ed up. They should be so located that at least two inches will 
project in front of the boiler fronts. The ashpits should be 
cemented so as to allow of the introduction of a few inches 
of water. The front supporting brackets rest fairly upon 
iron plates in the side walls, while the rear brackets rest on 
rollers, which in turn rest on the iron plates set in the walls, 
by which arrangement all expansion of the boiler is toward the 
rear. The brickwork around the brackets should be entirely clear 
of them so as to leave the boilers opportunity to expand and 
contract without injury to the walls. The grates should in- 
cline from front to back from 4% to % inch per foot. The 
bridge wall should come up to within 12 or 14 inches of the 
bottom of the boiler, and be curved to suit its form, although 
this is not absolutely necessary. The width of grate surface 
should be equal to the diameter of the boiler. The side walls 
of the furnace are to incline outwards, so as to be two inches 
from the sides of the boiler, at a point one course of bricks 
below the bottom of the brackets. The fire bricks should be 
laid with a header course every five courses, so that burned- 
out bricks may be conveniently replaced. At each side of the 
fire doors cast-iron “cheek-pieces” should be put in, the cast- 
iron arch plate over the door resting on them. These “cheek- 
pieces” should be about 144 inches thick, of the form shown 
in Fig. 3, and have as many half-inch holes cored in them 
as possible, the holes spaced two inches from center to center,. 
for an air supply to prevent them from burning out. Their 
height is equal to the height of the fire door at the side. 
They will be found to be very durable and to save much ex- 
pense in fire brick repairs. They may be removed and re- 
placed whenever the furnace is cool, by jacking up the arch 
plate a trifle and letting it down on the new “cheek-piece”’ in- 
troduced. Their inclined form renders the cleaning of the 
fire more convenient and the extreme front corner which 
they cut off is of little benefit in making steam. 

Both outside and division walls should have a two-inch air 
space, as shown. The top of the boiler should be covered 
with asbestos, or with a brick arch. If the latter, there 
should be a two-inch air space left between it and the boiler. 
The boilers must rest only on the supporting brackets and in 
no case on the boiler fronts. The fronts are held in place by 
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anchor bolts % inch in diameter and four feet long, with the 
inner ends bent to a right angle 10 or 12 inches long. Their 
front ends are threaded for nuts coming outside of the boiler 
fronts, so that a defective or cracked portion of the front 
may be readily removed and replaced without disturbing the 
brickwork. 

The smoke connections from the boilers to the stack may 
be the same width all the way through, in which case its 
height is to be increased from the first to the sixth boiler to 
include the additional area necessary for each boiler as it 
progresses toward the stack. Thus it may be 36 inches wide 
and 20 inches high at the first boiler, and increasing to 78 
inches high at the sixth boiler. It will perhaps be more con- 
venient to increase also the width in order that the area at 
‘the large end may equal that of the stack without increasing 
the height to such an extent. By this method we may make 
the larger end 48 inches wide and 60 inches high. There 
should be a cleaning door in the end of the smoke connection 
at the first boiler, and a pivoted damper properly balanced be- 
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and practice, it is considerably more expensive than the 
method shown herewith and for that reason it may not 
receive the favor it deserves. 

The general plan and arrangement of the boiler room with 
the boiler settings, the smoke connections with the stack, 
the coal-delivering tram track, scales, etc., and the engine 
room, with the location of the engine and its connection with 
the main shaft, is shown in Fig. 4, and in so far as it 


‘relates to the boilers and settings it is substantially the 


system adopted by the Bigelow Company, New Haven, Conn. 
As to the engine, it seems fairly well conceded that for 
economy of steam and general efficiency in furnishing the 
power for machine shop work the horizontal, cross compound 
condensing engine will be the best. This type of engine is 
made by a number of well-known engine builders, and while 
all of them have certain convenient features and peculiarities 
of design and construction which commend them to different 
purchasers, it is probable that there is no very great differ- 
ence in their efficiency or economy in the general results. 


Fig. 1 
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Fig. 2 


The subject of gas engines has not been 


considered in connection with our plans 
as they do not seem suitable where a 
large amount of power is required, what- 
ever may be their advantages in small 
or isolated plants. 

Prominent among the builders of steam 
engines of the type referred to above are 
the Allis-Chalmers Company, of Milwau- 
kee, Wis., and the William A. Harris En- 


gine Company, of Providence, R. I., and 
it is this type of engine which is illus- 


trated and described in this article, and 


Fig. 3 
Boiler and Boiler Setting. 


tween the sixth boiler and the stack. It will be convenient 
also to have dampers in the “uptake” from each boiler to the 
main smoke connection, so as to shut these off whenever a 
boiler is laid off for cleaning or repairs. 

The steam connections from the tops of the boilers are to 
be so arranged that any one or more of the boilers may be 
“cut out” and the use of all the others continued. All steam 
pipes of three inches or over should be covered with an effici- 
ent and lasting non-conducting material. That containing a 
large portion of asbestos will probably be found the best. 

The foundations for the boiler settings should be prepared 
in the same manner as for a machine foundation, as described 
in the article in the January number, due consideration being 
given to the weight to be supported, say about 1,200 pounds 
per square foot. The plan of boiler settings shown, that is, 
supporting the boiler on brackets attached to it, is the 
ordinary method. The more modern method, however, is to 
erect iron columns at each side of the boiler and upon these 
to lay I-beams, from which the boiler is suspended by iron 
rods, entirely clear of the brickwork, and with no part rest- 


ing upon it. While this plan is no doubt correct in theory 
a. 


commended for machine shop use. The 
size selected may be 16 and 32 x 48 inches, 
or 18 and 36x42 inches, with a balance 
wheel 18 feet in diameter with a 36-inch face, and capable of 
generating 400 horse power at 80 revolutions per minute and 
steam at 125 pounds pressure. 

It will be proper to consider whether to drive direct from 
the engine to the machines by means of shafting and belts, 
or whether the engine shall drive dynamos, from which the 
electric current may be transmitted by proper conductors to 
motors, which in turn may drive main lines of shafting, or 
to a number of motors located in different parts of the 
works, driving short lines of shafting operating groups of 
machines, or again, whether we shall place a small motor 
upon each individual machine to drive it. All of these 
methods have their peculiar advantages and necessarily their 
disadvantages, corresponding to the conditions, the positions 
of the machines to be operated and the duty that is to be 
performed. Again we may profitably make use of compressed 
air for some of our work, as for instance, for drawing 
patterns, turning flasks and other portions of the lighter work 
of the iron foundry, as well as for the chipping room where 
hand chipping tools so operated are very convenient and 
useful. Hammers operated by compressed air may be used 
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in the forge shop, since this force may be transmitted long 
distances with practically no loss such as steam is subjected 
to by condensation, and electricity by loss of electromotive 
force. Various operations in the machine shop also may 
render a supply of compressed air very desirable. This mat- 
ter will be governed to a considerable extent by the kind of 
work to be done, or kind of machinery to be built. 

It would seem best in theory as well as practice, and 
most efficient and economical, to avail ourselves of whatever 
good points each method possesses for the particular case 
in question, and, by using any of the different systems where 
the conditions are most favorable for its employment, to 
make the most of the useful and practical features and avoid 
as many of the difficulties and disadvantages as we may be 
able. For instance, while the practice of driving individual 
machines by separate motors may be said to be yet in its 
infancy, enough has been already done to prove its advisa- 
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Fig. 4. Plan View ‘of Power Plant. 


bility in many ways, and to show that planers from 40 inches 
upwards may be profitably driven in this manner. The same 
may be said of lathes from, say 36 inches upwards, and also 
of the larger radial drills, vertical milling machines, boring 
mills, and, in fact, of most of the heavy machine shop 
tools. At the same time it does not appear to be as efficient 
or practical to apply individual motors to small machines 
when a group of them may be conveniently driven from a 
short line shaft run by one motor. The question of friction 
of the two systems of transmitting power, that is, from the 
engine by shafting and belting, or the loss of power by 
generating an electric current with which to drive motors, is 
one which has provoked much discussion. Probably it will 
be found in practice to be about as follows: Where the dis- 
tance is short, shafting and pulleys are much the more 
economical. For distances of two or three hundred feet 
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there will be little difference in the two systems. For 
much greater distances the advantages are in favor of the 
electric method. 

The plan of power transmission here selected is to drive 
from the balance wheel of the engine to a 72-inch pulley on 
the main line of shafting, giving a shaft speed of 240 revolu- 
tions per minute. This shaft is in lengths of 20 feet, sup- 
ported by hangers every 10 feet, and with a hanger on each 
side of main driving pulleys. The three lengths in the center 
are five inches in diameter and the remaining portion each 
way from these three lengths igs 3144 inches in diameter to 
the end. Cut-off couplings are provided on the main shaft at 
the points shown in the drawings, for the purpose of stopping 
either section of the shaft in case of accident. In the same 
manner, the shaft in the gallery over the main line has a 
cut-off coupling at each end of the section, upon which the 
main pulley is located. Shafting is frequently made at 
the present time on the odd sixteenth of an inch diameter, 
but the even sizes are here given for convenience. The 
shafts are provided with roller bearings, and all pulleys 
with the exception of the large main driving pulleys are 
of the pressed sheet steel form, as being the lightest pulley 
made for strength, convenience and transmission of power. 
From the end of the main shaft toward the front of the build- 
ing, power is taken for the machines in the tool room. From 
near the center, power is carried by a vertical belt to the 


' gallery floor above. This shaft is 3144 inches in diameter for the 


central 20-foot length and the remainder is three inches in 
diameter. Upon the central length, as well as on the main 
line below are pulleys 48 inches in diameter and 14 inches 
face. The central length is supported by four hangers—one 
at each end, and one on each side of the main pulley. In all 
cases the couplings are to be placed on the side of the 
hanger away from the source of power, so as to be secure in 
ease of the failure of a coupling. 

The dynamos for lighting, as well as those for driving the 
motors may be located in the engine room and driven by belts 
from the main line by friction pulleys, or they may be located 
under the main line shafting. It should be remembered 
that for a belt of high velocity it will be much better to 
run it horizontally than vertically, and that it will transmit 
much more power under the former condition. If it is 
desired to locate the dynamos in the engine room and run 
them by horizontal belts, a countershaft may be located near 
the floor, just inside the engine rocm and driven by a belt 
from the main line. 

An independent engine may be used to drive the motors. 
In this case the power of the main engine would be con- 
siderably reduced. The main line shaft furnishes power for 
all machines on that side of the main floor. The machines 
on the opposite side of the main floor may be those which it 
is desired to drive by individual motors, while in the gallery 
above, the line shaft, in, say three or four sections, may be 
driven by suitable motors. The same method may be desir- 
able in the pattern shop and also in the tool room, if pre- 
ferred, although it is more adaptable in the pattern shop 
where power is not used continuously. The power for driving 
the machines in the carpenter shop may be transmitted by 
belt from the main line through a belt box occupying the 
space between the machine shop and the carpenter shop to 
the line shaft in the latter. Or, a motor may be located in 
the carpenter shop. 

If a steam hammer is: used in the forge shop the steam 
supply should be carried in 3, pipe passing through an under- 
ground brick conduit, as carrying it around through the 
machine shop and carpenter shop would necessitate a long 
line of piping. A motor will be most convenient for operating 
the blast fan, drop hammers, cutting-off machines, power 
hack saws, etc. For the foundry, steam may be carried under 
ground, across the yard in a brick conduit, as the most direct 
way, to the engine running the heating apparatus, and 
another for the cupola blower and the tumbling barrels. 
Here again motors will be very convenient, as one may be 
directly connected to the heating apparatus fan and another 
used for the cupola blower and the tumbling barrels, as 
well as to run the elevator which supplies the cupola plat- 
form with its fuel and stock. ; 


May, 1903. 


MANUFACTURING ARMATURE DISKS AND 
SEGMENTS. 


JOSEPH V. WOODWORTH. 


The adoption and use of dies, power presses and special 
sheet-metal working machinery for the economic production of 
parts of electrical apparatus has had great development during 
the past few years; so that to-day establishments that manu- 
facture sheet-metal working machinery dispose of a great por- 
tion of their product to electrical machinery manufacturing 
concerns. One has only to examine an electrical device or a 
machine to realize what a factor the power press has become 


Fig. 1. Circular Shear for Inside and Outside Cuts. 


in their production. The parts of electrical apparatus for the 
production of which such machinery is used most extensively, 
are armature disks and segments for motors. It is at once 
obvious that the requirements for such work have led to the 
designing of dies, presses and special machinery, which differ 
in essential details from those used in the general and more 
familiar classes of sheet-metal working. 

An armature consists of a wired ‘‘core’ composed of thin 
sheet-iron plates or disks averaging from .010 to .040 thick 
and from 10 to 100 inches in diameter. In many of the best 
armatures the disks are produced by punching the center hole, 
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Fig. 4. Disk Produced at One 
Stroke in a Compound Die. 


Fig. 6. Disk Blank before 
Notching. 
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Fig. 5, Plan of Compound Die and Punch. 


keyslots and notches, or winding slots, simultaneously at one 
stroke of the press. The small sizes are thus produced in 
dies, while the larger ones are produced in sections or seg- 
ments of as large size as it is possible to procure iron for. In 
the cheap and inferior armatures the disks are first punched 
from plain sheets; the punching of the center holes and the 
key-slots is a second operation, after which the disks are 
assembled on shafts, the outside turned to the required diam- 
eter and the slots milled on a universal milling machine. 
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Machines and dies used for cutting and perforating arma- 
ture disks and segments differ according to the size and shape 
and number or quantity required. There are in general use 
four methods for cutting armature disks. On the size and 
quantity of disks desired depends the practical value of each. 

Disks of very large diameters or those required in relatively 
small lots, are usually first cut plain by shearing the outside 
circle and afterward the inner circles on circular shearing 
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Fig. 3. A Group of Armature Disks. 


machines of the type shown in Fig. 1. As shown, the lower 
cutter is in an angular position relatively to the upper, so 
as to permit the making of as clean a cut on the inside as on 
the outside. Disks cut in this manner are afterward notched 
on an automatic notching machine of the type shown in Fig. 2. 
A plain blanking or notching punch and die are located in the 
press portion at the left and a circular disk clamped between 
the two pads of the indexing and revolving mechanism at the 
right. The indexing is entirely automatic, the spacing and 
number of notches in a disk depending on the arrangement of 
the gearing. S 

In this machine the adjustment for different diameters is 
made by simply turning the handwheel shown. The adjust- 
ment for different numbers of notches is effected by means 


Fig. 2. Automatic Armature Disk Notching Machine. 


of the change gears shown, instead of a pawl and index plate 
device as is usually employed. Each set of gears can be 
arranged to answer for three different numbers of notches. 
The index feed is effected by means of a “Geneve” stop move- 
ment, but absolute correct indexing is assured by the use of 
a positive cam-actuated locking device for the indexing arbor. 

In connection with the punch and die used in a machine of 
this type a spring stripper is used, so as to leave a clear 
space above the die, making it easier to introduce a new disk, 
and at the same time provide for holding the disk under pres- 
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sure when the notch is being punched. This, consequently, 
obviates the necessity of using a clamping plate over the cen- 
ter of the disk. 

When disks of the polyphase motor type, having holes or 
notches punched in the inner periphery are required to be 
notched in a machine of this type, it is necessary to do the 
notching before the large inner circle is removed, as its sur- 
face is needed for carrying the disks in notching. In such 
disks one or two small holes are previously punched in that 
portion of them that is afterward cut away, in order to serve 
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Fig. 7. Armature Segments. 


as guides in the notching and center-hole punching operations. 


The kinds of disks which are of moderate diameters and | 


most frequently required in large quantities are those used 
for street car motors. To produce them powerful power 
presses are used. These presses are equipped with dies so 
constructed and arranged that the inside of the disk with its 
key-slot, and the outside with its notches are cut simultan- 
eously at one stroke, as shown in Fig. 4. This method con- 
stitutes the quickest, most accurate and economical way of 
manufacturing armature disks in large quantities. The presses 


Fig. 9. Circular Shear with Segment-cutting Attachment. 


in which such dies as are necessary for such work are used, 
are provided with knockout attachments which discharge the 
scrap and the disks so that they lay loosely on top of the dies, 
thus allowing of their easy removal. 

In regard to the power presses used for disk punching, it 
may be stated that the requirements of armatures for electric 
work have led to the construction of presses which differ in 
points from those used for other styles of sheet-metal working. 
As it is always essential to have the outside and inside exactly 
concentric, so that all notches in 
the disks shall coincide perfectly 
with one another when assembled 
in “cores,” it has been found best to 
adopt dies, which, by being cut 
simultaneously, eliminate the inac- 
curacies which are well-nigh un- 
avoidable when the cutting is done 
in two or more operations. In many 
cases, the notches and key-seats are 
also punched at the same time. To 
accomplish these results in one op- 
eration dies of great accuracy are 
required, which, in addition to the 
cutting parts, must be equipped 
with “knockout” pads that will au- 
ttomatically deliver the punched 
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Fig. 8. Automatic Disk-notching Press, Equipped with Positive Knock-out 
Devices for Punch and Die, and Automatie Friction Clutch. 


disks and scrap from within the dies. The dies used in fhese 
methods of producing the disks are known as “compound dies,” 
and are usually built up in sections which have been hard- 
ened, ground, and lapped to size. However, not infrequently 
they are made in the usual manner, but the results are not so 
accurate. These compound dies are very expensive, costing 
all the way from $150 to $1,000 each. Fig. 5 shows plans of a 
compound punch and die. As a rule these 
compound dies are used in presses provided 
with upper and lower die knockouts, thus 
obviating the necessity of the strippers in 
the dies. The die sections are located in a 
steel casting. The rings are of tool steel, 
carefully and accurately worked out, hard- 
ened and ground to size, while the remaining 
ones are left soft. The dark sections in the 
figure indicate the cutting parts. 


As the installation of the above described 
method entails a great deal of expense, and 
can only be adopted economically where 
disks are required in large, steady quanti- 
ties, it is at once apparent that the dies 
would*be too costly to use for producing 
disks in small lots. For this reason another method is in 
vogue. This method consists of cutting out simultaneously 
the plain outside and the hole, as shown in Fig. 6, and 
then punching the notches on a notching press. By this 
method a perfectly concentric blank is produced ready to be 
notched. As by this method the outside notches are cut sepa- 
rately, the power of the presses in which the work is done 
is equal to much larger diameters than those used in the 
method before described. 


Fig. 10. Armature Segment Notching Press. 
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In producing very large disks there is a great deal of scrap, 
but this scrap is prevented from going to waste altogether by 
being worked over into disks of smaller size. From the inside 
scrap, the projections corresponding to the key notches are re- 
moved by forcing the disk through a circular trimming die, 
which punches the center hole at the same time, and thus, no 
great waste of stock is entailed. 

In manufacturing armature segments in very large quanti- 
ties the outside and the holes are usually cut simultaneously 
in dies in which the stripping of the scrap and the segments 
from them is entirely automatic, for both the upper and lower 
sections. A press specially designed and used for this class 
of work is shown, equipped with proper tools, in Fig. 8. The 
cutting of sections and segments complete with dovetails, and 
all notches and holes up to thirty-five, 34-inch long, can be done 
on a press of this sort. However, most segments of large size 
are first punched plain and the notching and perforating are 
done in succeeding operations. 

When the plain segment blanks are not produced in dies, a 
circular shear of the same type as that used for disk cutting 
is used, it being equipped with a segment-cutting attachment, 
as shown in Fig. 9. 

In Fig. 10 we have a side view of an armature segment 
notching press. The segment notching attachment on this 
machine allows of handling segments having a radius of from 
36 to 96 inches and up to 86 inches in length. The manner in 
which the segments are notched is as follows: The segment 
to be notched is clamped in a holder at the forward end of a 
long radius bar, and is traversed across the die face by means 
of an indexing mechanism and change gears similar to those 
on the regular disk notching machine shown in Fig. 2. When 
the segment has been notched all around its outside or inner 
edge as required, the press stops automatically. After the 
operator releases a hand lever the segment may be returned 
to its original position and removed from the press. 


*& * 


PISTONS AND PACKING RINGS.—4. 


UNION IRON WORKS AND ST. JOHN’S PISTONS—A DE- 
SIGN BY THE AUTHOR. 


J. H. DUNBAR. 


With this article, I have the pleasure of showing the 
readers of MacuHinery a piston and rings as made by the 
Union Iron Works, of San Francisco, Cal. Mr. W. G. Dodd, 
vice-president of that company, kindly sent me a blueprint of 
the piston, and he says they consider it a very good type, 
for horizontal engines up to, say, 24 inches diameter. For 
larger engines, they use set-out springs. I enclose the blue- 
print as I received it, and ask the editor to mark the figures; 
“Union Iron Works Piston.” 


V5 OFA CIRCLE 


STEEL SPRING 
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It sometimes happens that like engines do not give like 
results, which is usually due to a difference in the conditions 
under which they have to do their work, rather than to any 
dissimilarity in the engines. In the case of the Oregon, the 
management, men and machinery were all of an equally high 
order, and this combination of forces pushed the name of 
that vessel to an altitude that made it visible to the entire 
world. 

Referring to the Union Iron Works piston, the reader will 
note the double lap joint.of the packing ring, which is a new 
way, at least to the writer, of cutting them. The body of 
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Fig. 1. Union Iron Works Piston. 


the ring has a radial dimension of 1 inch and is 34-inch 
thick. To form the joint, one end of each section of the 
ring is milled down till it has a cross-section of % x 11-16- 
inch, leaving a tongue about 20 degrees long. A corresponding 
slot is milled in the other end of the section. It will be 
seen that the radial depth of the slot is not uniform, but 
increases in depth from 11-16 inch at the end of the section. 
to % inch at the end of the slot. The object in making the 
joint in this way, is probably to allow the sections to adjust 
themselves in the cylinder, without cramping the tongues, 
which cramping would be likely if new rings were to be put 
in an old cylinder that was worn out of round without some 
way of compensating for the cylinder’s irregularity. It seems 
to me that a like advantage would be gained in milling off 
the outside of the tongue, beginning at the heel of it with 
nothing, and take off say 1-16 at the point, 
which would very materially increase the dia- 
metrical flexibility of the ring at its joints. 
Machinists, who have had fun trying to loosen 
follower bolts, and who finally, after twisting 
them off, have had to drill out what was left in 
the spider, will appreciate the brass nuts for 
the follower bolts. As no dowel pin is shown 
in the blueprint, we may presume that the rings 
can go around in their grooves as they please. 
Where the type of ring (as it does in this case) 
and the roundness of the cylinder DeErMitelt st 
have found it to be beneficial to both ring and 


Fig. 2. Piston Ring of Union Iron Works Piston, 


It will be remembered that the famous battleship, Oregon, 
was built by the Union Iron Works, and while Mr. Dodd did 
not say that the pistons in the engines of this celebrated 
vessel were of the type shown in the print, it is quite probable 
that they are. There is nothing to prevent them from being 
practically steam-tight, and nearly frictionless, and it goes 
without saying that if pistons have these two virtues and 


can be relied on always to possess them there cannot be much 
wrong with them. 
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cylinder to let them change relative positions. 
It prevents any tendency for them to “tongue 
and groove” each other. If the ring requires 
to be doweled, it should be allowed, say % inch 
cylindrical play in the groove, to change its situation. 

In looking through my notes, sketches, catalogues, etc., | 
find a circular of the St. John Cylinder Packing Co., and I want 
to say that I do not think that any company making cylinder 
packing rings, ever had their rings so highly recommended 
by so many prominent firms and individuals. To represent 
the high standing of the firms, I will say that it is claimed 
that Brown & Sharpe, after trying the St. John packing in 
one of their engines, put it in all the engines they had. To 
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illustrate what this packing does, I quote a part of a letter 
from the general superintendent of the Staten Island Rapid 
Transit Railroad Company: ‘The result is a saving of about 
10 per cent. in fuel, 75 per cent. in cylinder oil and a great 
improvement in the cylinders, which are now worn very 
nearly true, although they were in very bad shape before the 
change in packing was made.” While it would take a whole 
page or more of Macuinery to print names and addresses 
of parties using this packing, and at least a page for letters of 
recommendation, ‘it is but fair to say that not an engine 
builder, or steam railroad company’s name is on their list. 
There are, however, plenty of names of builders of steam 
boats, tugs, battleships, ete. oh 

I remember being favored by a call from a representative 
of this company, about ten years ago; if I am not much 
mistaken, it was Mr. St. John himself. He represented with 
fluency and ease, that his pistons were absolutely steam- 
tight, frictionless, required no attention, and but a minimum 
quantity of oil, and would true up a distorted cylinder in 
good shape in a short time. Then he showed me the long 
list of his customers, and read letters from some of them. 
He kept on talking of the phenomenal success of his rings, 
and at the same time sharpened his Faber, and produced his 
order book, and asked me to give him the dimensions of the 
piston for the worst cylinder that I could pick out. Before 
giving the sizes asked for, I- begged the privilege of inquiring 
into some of the cylinder-truing features of his rings, a favor 
which he readily granted. 
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Fig. 3. St. John Piston and Piston Rings. 


“Tg it necessary to make any change in the steam distribu- 
tion of the engine, while the rings are truing up the cylind- 
er?” 

“No. 
use the steam in the cylinder. 
cylinder, not the steam.” 

“What do you make your rings of?” 

“The best cast iron that we can buy.” 

“Tf the iron in our cylinder should happen to be somewhat 
harder than that in your rings, would that fact make any 
difference in the cutting action of the latter?” 

“No.” (Order book disappears. ) 

“Some of our larger cylinders are perhaps }-inch smaller 
in the middle than at the ends. As your rings shave this sur- 
face metal off, is there not danger of its lodging somewhere, 
in its passage from the cylinder, and giving us subsequent 
trouble, as it might do if it was caught between the slide 
valve and its seat?” 

“T have never heard of a case where anything of this kind 
happened.” (Pencil disappears. ) 

“When your packing has un-humped a cylinder, how do 
you prevent it from continuing to make a general enlarge- 
ment of it?’ 

“That question is very irrelevant, and I must refrain from 
further trespassing on your time.’ Then he disappeared, with 
a smile and a “Glad-to-have-met-you” good-bye, just as if noth- 
ing had happened. The next day, which was Sunday, I had 


It does not make any difference to the rings, how you 
It’s the rings that true the 
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the pleasure of listening to him preach an excellent sermon 
at Trinity M. E. church in this (Youngstown, O.) city. I 
simply state the facts in this most unusual occurrence, and 
leave the reader to do what he pleases with them. 

St. John’s pistons are of the bull-ring type, but I see no 
reason to prevent his using a single-piece piston if he wanted 
to, as his only visible feature not common to pistons in gen- 
eral, is the beveling of the outer edges of his packing rings. 
Fig. 3 is a copy of the cut in his circular—shading, arrows 
and all. The arrows, of course, show how the steam gets 
under the lip on the rings and sets them out to the cylinder. 
It is scarcely necessary to say that the object now is to keep 
the steam out from under the ring, and let its inherent 
elasticity do the setting out. There does not seem to be any 
reason why this piston will not perform all the functions 
that pistons are expected to, but to imagine that his packing 
rings will do the boring mill act, is to expect the impossible. 
There ig nothing in the shape of this ring that will true 
out a distorted cylinder; in fact its shape has no advantage 
in any respect that I can see over a ring having a prismatic 
cross-section. 

In the upper section of Fig. 3 A is shown St. John’s rings 
reversed in their grooves. Instead of beveling their edges, 
I leave them square so they can butt up together in the 
center of the piston. This disposition of the rings would allow 
the head to be shortened up, as indicated by the vertical 
dotted lines. This style of packing would also prevent any 
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Fig. 3A. Suggested Modification of St. John Piston. 


cylinder wear on the piston, and would, I believe, reduce 
its steam load toa minimum. Then there can be no step wear 
on the cylinder, as shown in Fig. 8, of December, 1902, 
MacuiInery. It will also be noticed that the two rings are 
equal in breadth to the space between the rings in the upper 
section, so that the piston is supported by like areas in 
both cases. 

I do not see why we may not follow this same line of rea- 
soning further, and relieve the rings themselves of any but 
a minimum steam load, by making a negative bevel (calling 
St. John’s positive), on the outside of the rings. As a bevel is 
objectionable owing to the ring’s breadth varying as it wears 
down, it will be best to scoop out the whole corner, as far 
back as it would have been beveled, and then we have the 
same ring area from start to finish. The lower part of 
Fig. 3 A shows the outside corner of the rings cut away as 
stated, and it is easily seen that the ring is perfectly steam- 
balanced in a radial direction; and it is desirable to have it 
unbalanced in a longitudinal direction, in order that the ring 
can move sufficiently to make a tight joint with the edges 
of its groove. But suppose that some steam does leak past. 
or around the ring, it has an easy way to escape via the 
radial holes in the right hand ring, as shown by the arrow. 
Thus it is seen that there is no possible chance for steam to 
act in an unbalanced radial direction on the rings, with an 
appreciable pressure. Here we come abruptly to the end of 
the string which we have been following, so far as theory 
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is concerned. As to matter of detail we may say that the 
rings should be loosely doweled, with their joints inside of 
the are of contact with the piston, so that no leakage will 
occur there. An annular tongue on the piston, and a single 
flanged ring, with a lap cut, kept at the bottom of the cylinder, 
and the piston would be reduced to its lowest terms, as 
regards simplicity. Of course, if the ring travels over the 
counterbore at the ends of the cylinder, it must have lipped 
edges to keep it from collapsing, at the ends of the stroke. 

Before closing the discussion of rings and pistons combined, 
I ask to be allowed to revise the piston shown in Figs. 6 and 
7, of my article in Dec. Macnuinery. I have worked the 
design over carefully, with a view of adapting it to locomo- 
tives, aS well as horizontal stationary engines. It is shown 
in Figs. 4, 5, 6, 7 and 8. 

The piston is made of two steel castings, riveted together 
near its circumference, and clamped between the nut and 
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wears; but the others may be nick and break joints, which con- 
sists only in sawing part way through from the inside of the 
ring and breaking the rest. 

For pistons of large diameter, the ring is made having a 
cross section to fit both grooves, and the sections set out to 
the cylinder, the same as the Corliss packing, which I now 
show in Fig. 8, the spring-out piece being placed under each 
joint in the sections. Where it is desirable to keep the piston 
close to the center of the cylinder, I show a simple method 
in Figs. 6 and 7 of setting the ring out at the bottom of the 
cylinder, and consequently raising the piston. The piston 
head is milled out, as at Fig. 7, which is a section at a, Fig. 
4, to receive a set-out piece which fits over the small part or 
middle journal of an eccentric shaft, thus keeping the shaft 
from working endwise, the shaft being journaled in each 
side of the piston. Fig. 6 is an end view of the shaft, at the 
face of the piston, and shows that it is kept from turning by 
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Improved Design by the Author for Piston for Locomotive and Stationary Engine Practice. 


collar of the piston rod at the center. The flanges are turned 
about 2 per cent. smaller in diameter than the cylinder, and 
is intended to be run as much above the center of the cylinder, 
when it is started new, as it is permissible to run it below 
the center. This way of starting with a new piston, or ring, 
gives double the wear without adjustment, or getting farther 
from the center of the.cylinder than the usual way of starting 
with the piston in the center of the cylinder. The scale set on 
end on top of the piston rod, when the piston is at the crank 
end of its stroke, is intended to be used as a pointer to denote 
the whereabouts of the piston in the eylinder, without the 
trouble of taking off the cover. For the smaller sizes of 
pistons, say 20 inches and under, the packing rings are very 
similar to those described in December MACHINERY, except the 
“uplift,” making the outside ring in sections, so as to give it 
ample groove contact, when the piston’s flanges are cut 
down. The narrow, eccentric inside spring ring is to set the 
outside ring out to the cylinder, and also to prevent an 
objectionably large area for the steam to act on, on the inside 
of the outside ring. Both rings are to be doweled in the 
positions shown in Fig. 5. The points of the inside ring 
will have to be cut off, to allow it to be snapped into its 
groove without breaking; but as the piston rests on the 
outside ring for one-third of its inner circumference, there 
is no need for the inside ring to be but little over two-thirds 
of a circle. It will be necessary to make a lap joint in the 
outside ring at the top, to prevent leakage there as the ring 


a copper plug driven in holes drilled half in the head, and half 
in the shaft. When adjustments are required to be made 
the plug is drilled out, or sheared off, by turning the shaft. 
When the shaft has been turned to a position which supports 
the head at the center of the cylinder, some of the half holes 
will match, so that another plug can be driven in, to secure 
the position. 
* * * 

The extravagant predictions regarding the inexhaustibility 
of the Texas oil fields have quickly been shown to be false. 
Many of the wells have ceased flowing and have to be pumped. 
The production has fallen away so that many concerns in the 
South that were equipped at much expense for burning fuel 
oil have torn out their oil burners and have gone back to the 
use of coal. At one time oil sold in the Texas field as low 
as 14 cents a barrel delivered at tidewater, and even cheaper; 
now it is 90 cents a barrel and the price is still going upward. 
The Standard Oil Co. are discouraging the use of fuel oil in 
manufacturing plants in the North and are refusing to make 
new contracts for supplying oil to manufacturing plants for 
a reasonable price as they insist that the supply is becoming 
so limited as compared to the demand that it is much more 
profitable for them to refine it. This is most unfortunate, as 
there are certain kinds of apparatus that cannot be success- 
fully used with any other fuel except a rich gas, and to 
make the gas it is necessary to use petroleum. The general 
use of oil fuel for locomotives and steamships seems remote. 
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THE MAGAZINE HABIT. 
WwW. H. SARGENT. 

A trade paper is not unlike a group of workmen who get 
together in the morning before the whistle blows and talk over 
their experiences in the shop and among their tools. Event- 
ually the group becomes so large and is so widely scattered, 
that what the Christian Scientists call “absent treatment” 
must be resorted to, and every man who has an idea or an 
interesting experience writes it to the editor who sees to 
spreading it among the other workmen. Sometimes half a 
dozen of these men will band together and form a magazine 
club, each one subscribing for a different publication, but all 
sharing the expense equally. These magazines are then passed 
from one to the other around the club so that eventually each 
has the opportunity of examining all and can read or skip as 
suits his taste. Like books “some are to be tasted, others to 
be swallowed, some others to be chewed and digested.” Too 
many magazines, even of the best, are of no advantage to a 


Fig. 1. Bookcase for Magazines. 


club. “The possession of books is not an education any more 
than the possession of tools is a trade.” Occasionally a man 
will declare that his trade paper is of no use to him; that he 
could edit a better paper himself. Now the editor is not “A 
small unbound edition of Moses and Solomon both,” and 
occasionally an assertion will creep in which is not authorized 
by facts, or perhaps something will be printed as new which 
is a well-remembered fact to some of the older readers, but in 
spite of this a vast amount of really interesting and useful 
knowledge is being printed by the technical journals. 
Next to knowing a thing is knowing where 
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The data sheets of Macuinrery should be removed and bound 
separately since they are intended as a handbook for frequent 
consultation. A practical method of binding these sheets is _ 
shown in Fig. 2. The covers are made of heavy picture mat 
board, beveled at the joint, with a hinge of strong cloth on 
the inside, as shown in Fig. 3. Two adjustable studs hold the 
book together and permit new sheets to be added or old sheets 
to be re-arranged. These studs are in two pieces, one screwing 
snugly into the other and by their use a considerable range 
of thickness is permitted. 
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Figs. 2 and 3. Binder for Machinery’s Data Sheets. 

The usual stock advice on what to read and how to read it 
will be left unwritten. There can be no doubt as to the ad- 
vantage to a workman of a course of reading along the lines 
of his daily work even at the expense of some of the sensa- 
tional literature of the day. 

Mr. Dooley says “Carnegie didn’t learn to make steel billets 
reading ‘When Knighthood was in Flower.” The demand to- 
day is for practical men who are well posted in their work. 
“Who reads much soon begins to think.” Employers are real- 
izing that well-read men are the most valuable, since a work- 
man’s brain can do more work than both his hands. To aid 
their men in reading good literature, many establishments sub- 
scribe to the most desirable periodicals and place these where 
the men can have access to them. Fig. 4, for instance, shows 
the reading room of the Casino in the Fairbanks Scale factory, 
where the daily papers and most of the technical and miscel- 
laneous magazines are always to be found. The appreciation 
of the men is shown by the well worn condition which the 
newest magazines soon reach. 


to look for it. Since no one remembers ail 
that he reads, many people keep a card index 
of the articles likely to interest them. Some- 
times these articles are cut out and pasted 
onto the cards which are then grouped un- 
der appropriate headings. Others, rather 
than mutilate the magazine, make a note on 
the cards, of the volume, number and page, 
and file the magazine away for reference. 
In this case the periodicals must either be 
pound or kept in such manner as will insure 
their being found when wanted. Most of the 
mechanical journals are of large size and do 
not file away conveniently in a bookcase 
since they project out into the room more 
than books of ordinary size. To accommo- 
date books of the size of Macuinery, the 
writer has designed a bookcase in which the 
large books are inserted at the end of the 
case, flat against the wall, while books of or- 
dinary 12mo and 16mo size go in from the 
front in the usual way. This bookcase is 
illustrated in Fig. 1, and may, of course, be 
two or three shelves in height, if desired. 
The opening for large books should be at the 


left-hand end so that the front page of the 
magazine will be in sight. 


Fig. 4. Reading Room, Fairbanks Scale Factory, St. Johnsbury, Vt. 
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THE SELDEN PATENT. 


THE CLAIMS OF THIS PATENT COVER PRACTICALLY 
EVERY GASOLINE MOTOR VEHICLE. 

What will prove to be one of the most famous patent cases in 
history is that of the Selden patent, which has been the sub- 
ject of extended litigation and on March 20th, last, was pro- 
nounced valid by the United States Circuit Court, Southern 
district of New York. This patent has broad, base claims 
covering every kind of an automobile fitted with a liquid 
hydro-carbon motor, and unless the latest ruling is reversed 
by the Supreme Court, which is very unlikely, as it is prob- 
ably not within its jurisdiction, all manufacturers of gasoline 
motor carriages must pay a royalty to the Electric Vehicle 
Company, Hartford, Conn., the owners of the Selden patent. 


Original Model of Selden Motor Carriage. 


The remarkable thing about this patent is that, while it was 
granted on November 5, 1895, the application was filed in the 
patent office on May 8, 1879, and was kept alive during that 
period by the technicality of patent law which allows applica- 
tions to be renewed year by year, provided an amendment is 
made when the new application is filed. The patent thus holds 
on the basis of the conditions existing at the time the applica- 
tion was filed, and is binding for seventeen years from the date 
of issue in 1895. It was on Thanksgiving of that year that 
the first automobile races of any account in this country took 
place in Chicago, under the auspices of the Chicago ‘Times- 
Herald” and it is from that time that automobilism may be 
said to date in America. The patentee, therefore, by his 
clever manipulation during the formative period of the in- 
dustry, has managed to reserve his patent rights for a period 
of seventeen years of active automobile manufacturing, during 
which time the royalties will amount to millions of dollars; 
whereas, if he had pushed his claims at the outset, and secured 
a patent at once, it would have expired at the time when the 
industry began and would have been valueless. 

Selden, the inventor, was a lawyer at Rochester, N. Y., dur- 
ing the seventies and spent his spare time experimenting with 
horseless carriages. After six years of hard work and the 
construction of five or six different engines, he produced a 
carriage that would work, and finally applied for a patent on 
the same, submitting a model, which is still in the patent of- 
fice, a cut of which is shown herewith. In his application the 
inventor made many claims, one of the most important of 
which is the following: 

“T claim—1. The combination with a road locomotive, pro- 
vided with suitable running gear, including a propelling wheel 
and, steering mechanism, of a liquid hydro-carbon gas engine 
of the compression type, comprising one or more power cylin- 
ders, a suitable liquid-fuel receptacle, a power shaft connected 
with and arranged to run faster than the propelling wheel, 
an intermediate clutch or disconnecting device and a suitable 
carriage body adapted to the conveyance of persons or goods, 
substantially as described.” 

The Electric Vehicle Co.’s predecessor, the Columbia and 
Electric Vehicle Co., secured from Mr. Selden on November 
4, 1899, the exclusive rights to his automobile inventions, but 
only after about six months’ negotiation, during which thou- 
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sands of dollars were expended in investigating the validity 
of his patents, agents even being sent to Europe to find, if 
possible, some person who had anticipated the claims of Selden. 
The improbability of accomplishing this will be evident when 
it is remembered that the internal combustion engine did not 
come before the public to any extent until 1876, at which time 
Selden was at work on his automobile idea. After this inves- 
tigation the company immediately commenced a suit against 
the then strongest outside automobile manufacturer, the Win- 
ton Motor Carriage Co., with the object of having the validity 
of the patent thoroughly proven. The Electric Vehicle Co. 
was soon assured of a thorough contest, as the principal out- 
side infringing manufacturers organized a defensive associa- 
tion to support the Winton Co. With the news of the entering 
of the decree sustaining the patent also comes the announce- 
ment that all of the most important gasmobile manufacturers 
in the country have acquired from the Electric Vehicle Co. 
royalty licenses. Included among these licenses are the Win- 
ton Motor Carriage Co., the Haynes-Aperson Co., the Autocar 
Co., the Olds Motor Works, the Packard Motorcar Co., the 
Knox Automobile Co., the Peerless Motor Car Co., the J. M. 
Pierce Mfg. Co., the Searchmont Motor Co., Aperson Bros. Au- 
tomobile Co., the Locomobile Co. of America, the Interna- 
tional Motor Car Co., the Waltham Mfg. Co., the Pope-Robin- 
son Co., Pan-American Motor Co., the H. H. Franklin Mfg. Co., 
and the United States Long Distance Automobile Co. These 
companies are representative of the western as well as the 
eastern industry and comprise all of the best established gas- 
oline automobile makers in the country. 

The defendants in the case assert that the Selden claims 
will eventually be broken, but in view of the action of these 
several companies it seems hardly probable that such will be 
the case. As long ago as 1896 the Commissioner of Patents, 
in his annual report published in the Official Gazette for May 
12th, indorses the Selden patent as follows: 

Selden, in 1895, received a patent, November 5th, No. 549,- 
160, which may be considered the pioneer invention in the 
application of the compression gas engine to road or horseless 
carriage use.” 

Such in brief are the main facts about this remarkable pat- 
ent case which is to affect the whole automobile industry. 
It is now expected that all the reputable builders of gasoline 
automobiles will join the Association of Licensed Automobile 
Manufacturers, with a view to protecting themselves by com- 
pelling all outside competing firms to pay the Selden royalties 
as well as the members of the association. The expenses of 
such legal action as may be necessary to effect this will be 
borne by the association as a whole. Many valuable patents 
will be controlled by the association also. The articles of in- 
corporation are said not to include anything pertaining to the 
regulation of prices, the object being simply to protect the var- 
ious patents held by the members. 

* * * 
BRAZING CAST IRON BY THE PICH PROCESS. 

At the regular monthly meeting of the A. S. M. E. in New 
York, April 7, the topic for discussion was furnished in a 
short paper by Wilfred Lewis on brazing cast iron by the 
Pich ferrofix process, which was read by the secretary, Prof. 
Hutton, as Mr. Lewis was unable to attend. Demonstrations 
of the process were given in which broken bars of cast iron 
were brazed, a portable Bunsen burner apparatus and firebrick 
muffle being used for the purpose. After the reading of the 
paper Mr. Alexander, of the American Brazing Co., gave an 
informal talk on the subject, in which he answered questions 
asked by the members. 

He stated that the brazing process actually increases the 
strength of cast iron bars, if it is properly done, the increase 
of strength being from five to ten per cent. This refers to the 
metal adjacent to the joint; the joint itself is always stronger 
than any other part. The reason for the increase of strength 
is ascribed to the effect of the ferrofix on the structure of the 
cast iron by which the free carbon is burnt out by uniting with 
the ferrofix compound, which is a metallic(copper) oxide. It is 
owing to this action that it is possible to braze cast iron; the 
presence of carbon being the reason why cast iron cannot be 
brazed in the ordinary manner the same as wrought iron and 
brass. In fact, after the ferrofix paste has been applied and 
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the carbon burnt out, the actual brazing process does not differ 
materially from ordinary brazing, spelter and a flux (borfix) 
being used. The action of the ferrofix is said to be quite 
penetrating, traces of its work having been detected two or 
three inches into the solid metal away from the joint, and even 
further. It is possible to ‘“‘ferrofix” a small piece throughout. 

Mr. Alexander also referred to a comparatively new develop- 
ment of the process that promises to be of great value to iron 
founders, and that is the repair of castings containing blow- 
holes or other defects, by “ferrofixing’ the walls of castings 
in the holes and pouring molten cast iron into them, which has 
also been ‘“‘ferrofixed.” His company have repaired several 
large defective castings at the Cramp shipyard in Philadelphia 
so perfectly that they passed Government inspection. The size 
of the holes so repaired did not exceed four or five inches 
across the largest diameter; what the possibilities are for 
larger defects is not yet known. To overcome the effect of 
shrinkage the piece to be repaired is heated as hot as possible 
and the molten metal is poured at a low heat. The ‘“ferrofix- 
ing’ of the holes is done by Bunsen burners, great care being 
taken to get the metal perfectly clean and free of scale, rust, 
ete. To “ferrofix” the molten metal a small amount, such as 
can be picked up between the thumb and fingers, suffices for a 
ten-pound ladle. 

In the paper read reference was made to a practice now fol- 
lowed to some extent in Germany in relation to making large 
castings of complicated shape. Instead of casting such a piece 
whole they are made in four or five or more pieces and then 
brazed together, thus avoiding the danger of failure always 
attending the production of a large piece in one casting. To 
show the size of work that has been successfully handled a 
photograph of a large shear was shown which had been 
cracked vertically through the frame just back of the gap. 
This crack, which was nearly seven feet long, was repaired 
without moving the shear from its foundation. 
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POWER TRANSMISSION SYSTEM. 


The W. F. and John Barnes Company, manufacturers of 
drilling machinery, have in use at their works a rope trans- 
mission system which is distinctly novel. One objection to rope 
transmission as ordinarily installed, is the splice joining the 
two ends of the rope. It usually requires the services of an ex- 
perienced person to make it, considerable time is required for 
splicing, and unless the work is well done the splice will be 
larger than the body of the rope, causing undue wear and 
unsatisfactory running. The fact that the rope must be spliced 
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Fig.1. Metallic Fastener for Ends of Rope. 


has also made necessary the use of twisted rope of cotton or 
hemp, instead of braided rope, which is said to be considerably 
stronger and more durable, although we have not been able to 
find a record of tests to substantiate this. 

In the Barnes system, braided rope is used, and the ends are 
joined by a metallic belt fastener, the invention of Mr. B. F. 
Barnes, who has patented the device. The fastener consists of 
a metallic ferrule, shown in Fig. 1 and in section in Fig. 2, 
with the two ends of the rope to be joined. The ferrule is of 
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Fig. 2. Section through Fastener and Rope. 


such a diameter that it will slip over the ends of the rope. In 
applying it, one end of the rope is inserted to about the center 
of the ferrule and fastened securely in place by forming an 
annular groove at one end of the ferrule, deep enough to indent 
both the ferrule and rope. This groove is made by a special 
hand tool, shaped like a pair of pliers, with one wide and one 
narrow jaw, both of which are curved as in a pair of gas pipe 
pliers. One of the jaws is narrow for grooving and the other 
is broad to back up and support the ferrule in the process. 
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The next step is to drop a small quantity of melted wax into 
the open end of the ferrule and upon the end of the rope, 
and while the wax is still warm, the other end of the rope is 
inserted in the open end of the ferrule and forced against the 
wax. By twisting the rope somewhat and pressing it into the 
wax the latter becomes imbedded in the fibers and as it cools, 
forms a hard, solid lump. If necessary, the ferrule may be 
heated to keep the wax soft while this is done, and before the 
wax hardens, the other end of the ferrule is creased and the 
joint is complete. 
The surprising thing about the system in use by the Barnes 
company is the small diameter of the rope. The American 
or single-rope system of transmission is used in which a single 
rope passes back and forth between the grooves of the driving 
and driven sheaves, making as many lengths of rope as are 
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Fig. 3. Leather-covered Rope Sheave. 


necessary to carry the load, while the slack is taken up by 
means of an idler sheave and attached weight. The rope em- 
ployed is the ordinary braided window cord about 5-16-inch 
in diameter or what is known as the Silver-Lake A brand, 
and this has been found satisfactory for transmitting power of 
any alrnount that has been required. The style of sheave used 
for the transmission is shown in Fig. 3. It consists of a 
wooden pulley, covered with leather glued and pegged securely 
to the face of the pulley, and grooved for the rope. From such 
data as is available it would appear that a single rope 5-16 inch 
in diameter would easily transmit one horse power at a speed 
of 1,000 feet per minute; or in other words would transmit as 
much power as a single leather belt one inch wide. One 16- 
rope drive is transmitting regularly 57 horse power at a speed 
of 3,225 feet per minute; another drive with 10 ropes is trans- 
mitting 27 horse power at a speed of 3,900 feet per minute. A 
severe test of the system is to be found in the application of 
the drive to the woodworking shop where a surfacing planer, 
saws, lathes, etc., are in operation. The writer saw the planer 
belt shifted on and off repeatedly and it could not be noticed 
that this affected the rope drive for this department to the 
slightest degree. 
* * * 

The compound gas engine in which a cylinder of larger 
dimensions receives the exhaust from two smaller cylinders, 
seems to be a practical success. Engines of this type are being 
made by Crossley Bros., Manchester, England, and we have 
recently seen an experimental engine of the same type in New 
York that is pronounced a success, being reliable in action and 
considerably more economical in consumption of gas than the 
simpie type. 
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AN OUTLINE OF THE MANUFACTURE OF 
NITROGLYCERINE. 


While killing time waiting for a train at Olean, N. Y., a few 
-weeks ago the writer dropped into a machine shop near the 
Pennsylyania Railroad depot in which are manufactured sup- 
plies for the oil well. business, including among other things, 
machinery for the manufacture of nitroglycerine. Mr. 
Luther, the proprietor, besides being a practical mechanic, 
has had experience in the manufacture of nitroglycerine, and 
he gave the writer a somewhat thrilling account of it. He 
insisted, however, that the danger was not greater than in 
many other hazardous occupations—provided the maker is 
not a careless man and that he never makes mistakes. If 
he is careless—well, the coroner will have a hard time to 
find the remains, and will have no difficulty in finding the 
cause. 

The manufacture of nitroglycerine is a simple operation; in 
fact nitroglycerine is one of the simplest explosives to manu- 
facture known. Mr. Luther said that it was small cause for 
wonder that anarchists and other evil-disposed persons use nit- 
roglycerine for their destructive acts. In the first place, it is, 
of course, the most destructive for bulk and weight, and then 
it is so easily made from inexpensive materials. A few pints 
of nitric and sulphuric acids in about equal proportions, a 
‘small quantity of sweet oil of glycerine, a stone jar, a bucket 
of water and a wooden spoon complete an outfit with which 
a person of comparatively little skill can in twenty minutes 
make enough explosive to blow up a five-story block. 

The commercial apparatus for manufacturing nitroglycerine 
consists essentially of a nitrator, a drowning tank, a power 
wash tank, and a lead-lined storage tank. These are arranged 
like the steps of a stair, the nitrator being at the top, be- 
neath that the drowning tank filled with cold water, then the 
power wash tank filled with warm water, ending with the 
‘storage tank for the finished product. The nitrator consists 
of a circular iron drum setting in a square tank fitted with 
water connections so that a constant current of water can be 
circulated around the inner tank in which the nitric acid, 
sulphuric acid and glycerine are combined. The top is coy- 
ered over, and through the center passes the shaft of a vertical 
paddle driven by hand or power. An opening in the top is 
fitted with a pane of window glass so that the interior can 
be seen. The sulphuric and nitric acids come to the nitro- 
glycerine factories already mixed in iron tanks containing 
‘about 1,500 pounds each. With this amount of acid about 
220 pounds of glycerine._are mixed. During the mixing pro- 
cess the paddle constantly agitates the mass and the operator 
keeps close watch of a thermometer immersed in the tank 
while with one hand he regulates the flow of the glycerine 
into the tank by means of a valve. The chemical reaction 
causes heat and if the temperature reaches 115 degrees trouble 
is likely to come “mighty sudden.” If there is a tendency for 
the temperature to go too high the glycerine is shut off, the 
effort being to keep it down to about 70 degrees, but some- 
times the temperature continues to go up even when the gly- 
cerine is shut off and possibly the mass will catch fire and 
burn with a bluish flame. In this case the mass is drawn off 
into the drowning tank which is filled with cold water and 
then allowed to cool down. 

When the action goes along smoothly the combined mass 
is drawn off into the drowning tank just the same after the re- 
action is complete, where it sinks to the bottom and cools. 
From the drowning tank it is drawn off into the power wash 
tank filled with warm water. Here the mass is agitated until 
the uncombined acids are washed out. No metallic surfaces 
are allowed to work together in the presence of nitroglycer- 
ine. Consequently no valves are used in the pipes; instead 
hose are used, the flow being shut off by hooking the discharge 
‘end up above the level of the tank being drawn off. The 
paddles of the agitators are made of iron, all parts of which 
are welded together. No riveted or bolted construction is 
allowable in any metallic working part, for the reason that 
the points spring open more or less when working and if any 
nitroglycerine gets “pinched” there is something doing right 
“away. 

The nitroglycerine business is an exception to the general 
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tendency toward consolidation. The danger of the business 
prohibits manufacture in large quantities at a time in one 
factory and the rigid rules of the railroads against trans- 
porting it make it necessary to manufacture it somewhere 
near the place it is to be used. Some secluded spot is chosen, 
usually on the side of a hill where a cave can be dug for 
storing it. 

Dynamite is nitroglycerine mixed with some substance that 
absorbs it and reduces the danger of accidental explosion. 
Soda and wood fiber are largely used for this purpose. 


* a * 


PATTERN FOR SIXTY-FIVE TON HOUSING. 

A somewhat interesting example of the heavy pattern work 
called for in the building of modern rolling mill machinery 
is that shown in the illustration. It isa pattern recently made 
at the works of Mackintosh, Hemphill & Co., Pittsburg, Pa., 
for the cast iron housings of a 32-inch slabbing mill which 
they are building for the Lackawanna Steel Co.’s new plant at 
Buffalo, N. Y. The mill has four of these massive cast iron 


Example of Large Pattern Work by Mackintosh, Hemphill & Co. 


housings, each weighing about 65 tons. A comparative idea of 
the size of the pattern and, of course, of the casting made from 
it, can be gained from the two-foot rule shown resting against 
the base. 

This slabbing mill, which is said to be the largest yet built 
in this country, is designed to handle ingots up to 30 inches 
thick and 54 inches wide. It gives one an idea of the mas- 
siveness of the rolling mill machinery now required for the 
manufacture of the larger commercial steel products. 


* * * 


The Western Electrician illustrates in a recent issue a min- 
iature electric motor which was built by one Joel Ettinger in 
1851 at York, Pa., and which is now in the possession of the 
York Historical Society. This motor, which is among the 
earliest produced by American inventors, operates on the prin- 
ciple of an armature, being alternately attracted to the poles 
of an electro-magnet and then released. The oscillating mo- 
tion thus produced is converted into rotary motion by means 
of a small walking-beam and a crank. The source of energy 
was a galvanic battery. The model is in perfect order and 
although nothing ever came of it directly, it is of considerable 
interest now, in view of the great development of electrical 
machinery. 
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The privilege conferred on railroads by which they can 
condemn private property when required for right of way, 
track extensions, or other purposes necessary to efficient opera- 
tion, is sometimes a serious menace to manufacturing estab- 
lishments so located as to be in the way of such extensions. 
Especially is this the case when a large group of buildings is 
planned and all arrangements have been made to concentrate 
a number of plants into one large one. To have a railroad 
company seize part of the land necessary for such a plant be- 
fore the buildings had been erected, would undoubtedly entail 
greater damages to the private concern than any court would 
award them in condemnation proceedings. To head off an 
occurrence of this nature a large concern that is now building 
an extensive plant in New Jersey on ground likely to be wanted 
by the Pennsylvania Railroad, incorporated an industrial rail- 
way which is to be built to serve the various buildings of the 
plant. The articles of incorporation not only cover the rights to 
build on the ground level, but also on various other levels, 
thus effectually shutting off seizure of the property by another 
railroad. Not a bad scheme by any means—that is for the 


concern. 
* * * 


THE INVENTOR UNDER MODERN CONDITIONS. 


The nineteenth century has been characterized as the age of 
invention and the twentieth century bids fair to be known as 
the age of combination. The query naturally arises as to 
what effect combination will have on invention—whether the 
inventive genius of the nineteenth century will continue and 
increase in the twentieth, or whether combination will stifle 
invention. 

A contribution on the subject that has attracted much at- 
tention is an article by Mr. William Stanley upon “The In- 
ventor and the Trust” in the Springfield (Mass.) Republican. 
Mr. Stanley shows how the trust sometimes swings its club 
over the head of the inventor and deals him a crushing blow. 
The trusts have patent bureaus with strong legal talent pre- 
pared to exhaust the resources of any competitor or individual 
inventor by extended litigation and legal procedures extending, 
perhaps, through many years. By this means control of many 
patents is secured while the honest inventor passes from view, 
sadder and poorer. 

Sometimes, when a patent is issued the trust attorneys de- 
cide that their organization should own it and a low price is 
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offered, along with the statement that one of their own in- 
ventors had worked out the same result some years before. 
Unless the inventor sells the patent then and there he may be 
subjected to coercion. First, notice may be served-on him by 
the United States Patent Office that (although this patent was 
issued to him) an interference had been declared between his. 
patent and a new application. Testimony is then taken as to: 
dates of invention claimed by both parties. In all probability 
the real inventor proves priority, and the contending applica- 
tion is dismissed; but—and here the important part comes in 
—the trust lawyers are now in possession of the inventor’s. 
sworn dates of invention, back of which he cannot go. An- 
other application signed by another applicant is put into in- 
terference with him. Again the dates of invention are given, 
and the inventor now realizes that he has a hard fight for his. 
patent on his hands. 

While admitting the truth of these statements, it is evident. 
that abuses of the patent system are amenable to law and Mr. 
Stanley makes several suggestions for the control of patents. 
and the methods of patent litigation that he thinks will work 
a change for the better. We would like also to remind the: 
reader that the way of the inventor has always been hard and 
that on the average he has not obtained what was his due. 
This was the case at the beginning of the last century when. 
many ideas were originated but couid not be carried out be- 
cause tools and facilities for manufacturing were lacking; it. 
was so still later at a time when people of means had not be- 
come conversant with the possibilities of mechanical develop- 
ment and looked upon many practical schemes as visionary; 
and later still, the litigation, now carried on so successfully 
by large corporations, was conducted by individuals with quite- 
as much disadvantage to the inventor as at present. For our 
part, we do not believe that the inventor has any harder row 
to hoe now than in the past. 

On the contrary, there are many more channels for invention 
and more things to be improved than ever. There is the ac- 
cumulated experience of years to take advantage of; and of 
more importance still, there never was a time when capital. 
could be so easily raised to promote a good invention, pro- 
vided the inventor had the business ability to bring his work 
into prominence. The main trouble with the inventor at 
all times has been that he has lacked this business ability. 
He has not been aple to meet his opponents on equal ground. 
An early instance of this was the case of Oliver Evans, the: 
brilliant Philadelphia engineer who failed to score the pro- 
nounced success of his contemporaries, Stevens and Fulton, 
because he was not a man of affairs and was not able to com- 
mand the resources of the latter two. From that day to this. 
scores of similar instances could be cited and while inventors. 
may be and undoubtedly are now imposed upon by large cor- 
porations, these very corporations have made possible the de- 
velopment of certain patents which could not haye been de- 
veloped in any other way. If an inventor has not the ability, 
backing or influence to take advantage of these conditions: 
now, we doubt very much whether he would have been able to- 
achieve success under the old order of things. 


* 


While it may be quite generally understood that the build- | 
ing of steam boilers in the leading shops is one of the best. 
examples of rapid constructive work of high grade, we think 
there are many who scarcely appreciate the rapidity with 
which the standard horizontal tubular is put together where- 
such work is made a specialty. The writer was recently as- 
sured by the vice-president of one of the largest boiler making” 
concerns in the United States that they were able to com- 
mence a boiler in the morning and have it completed, tested 
and loaded ready to ship on the evening of the succeeding 
day, and that they frequently built them complete in less. 
than 48 hours. In connection he mentioned an amusing oc- 
currence which bears out what we say in the opening sen-- 
tence. A large steel concern in Western Pennsylvania gave- 
his firm a rush order for a battery of ‘horizontal tubular boilers. 
A force of men were concentrated on the order and a record 
made, the result being that the boilers were completed before- 
the specified time. They were loaded and shipped, and ar- 
rived at the new works before the foundations were ready to: 


May, 1903. 


receive them. The concern, thinking that it was impossible 
for the boilers to have been built to order in so short a time, 
accused the makers of palming off second-hand boilers on 
them, and it required considerable explanation to assure 
them that such was not the case. It may be mentioned that 
nearly all the product of the boiler concern is insured by the 
leading boiler insurance company of this country, which is a 
pretty good guarantee of its trustworthiness, so that rapid 
work does not by any means indicate poor work in the boiler 


business. 
* * * 


STEEL AS AN ABRASIVE. 

A hindrance to the more extensive use of toolholders with 
inserted tools of self-hardening steel has been the troublesome 
job of cutting the steel bars into suitable lengths for use. It 
has been necessary either to heat the steel and nick it, or to 
break it off cold, leaving a ragged edge. The new cutting-off 
machine for this purpose recently brought out by the Arm- 
strong Bros. Tool Co., which is described in another column, 
seems to make this operation much more convenient and draws 
attention to a shop process not commonly known or at least 
seldom utilized. In this machine the cutting is performed by 
a tool-steel disk rotating at high speed. The disk has no 
teeth, but wears itself through the steel bar without difficulty. 
The disk apparently partakes of the nature of an abrasive 
wheel, and the theory is advanced that the abrasive substance 
is made up of minute particles of the steel being cut which 
become imbedded in the edge of the disk and apparently 
give to the disk the cutting or wearing-away action that it has 
upon the bar of steel. This conclusion seems reasonable from 
the fact that the steel disk does not wear appreciably, indi- 
cating that its edge must be continually renewed from some 
source. It is also noticed that a new disk has very little 
effect on the bar at the start, but after it has run in contact 
with the bar for some time, it begins to cut into it more 
rapidly, apparently because the steel particles have become 
imbedded in it. 

A machine, similar in principle to the Armstrong cutting- 
off machine, has been in use at the Pennsylvania shops at 
Sunbury, Pa., for several years, but for an entirely different 
purpose. This machine has a spindle on one end of which is 
a disk of tank steel running at a peripheral speed of 9,000 feet 
a minute, used for cutting off locomotive flues. On the other 
end is a steel cupped wheel made by flanging an ordinary 
steel disk. This wheel is used like an emery or any abrasive 
wheel for squaring off the ends of the flues after cutting, by 
simply forcing the end of the flue against its surface until the 
tube becomes square. It takes about 30 seconds to cut off a 
two-inch flue and the disk itself does not wear perceptibly. 
One disk is said to have been in use for seven years. The 
flue becomes.red hot at the peint where the cutting is in prog- 
ress and it is a question whether this softening and possibly 
melting action may not account for the performance of the 
disk rather than the theory of imbedded particles in the sur- 
face. It apparently sets up a condition akin to that enecoun- 
tered by a hot saw in cutting off rails in a steel mill. And if 
this is the case, who can explain the action of the cupped 
wheel in squaring the ends of the flues? There is an oppor- 
tunity here for a new line of investigation and possibly for 
the development of a new abrasive process of great value in 


shop operations. 
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THE STATUS OF ALCOHOT, MOTORS. 

Space is given this month to a review of the progress 
abroad in the use of alechol for industrial purposes, especially 
in internal combustion engines. Engineers in Germany, 
France and Russia have given much attention to the matter 
and as there are no restrictions corresponding to our internal 
revenue tax on spirits there is every promise of extensive 
development of alcohol motors. 

Compared with gasoline, alcohol is at a disadvantage from 
the commercial standpoint, though in respect to efficiency, 
considered simply as a heat motor, it has the advantage. 
Strong arguments in favor of alcohol for power purposes are 
that its production can never be restricted sufficiently to come 
under the control of a trust and that it is not a dangerous 
explosive like gasoline. It can be produced easily from a 
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variety of vegetable products, its manufacture from the potato 
receiving a great deal of attention abroad at the present time. 
It is customary to denaturalize alcohol that is to be employed 
for industrial purposes by adding some distasteful element to 
prevent its use as a beverage by those who are habitually 
thirsty. It is said that in countries where its manufacture for 
the arts is encouraged by the removal of the internal tax on 
this denaturalized product, there has actually been less intoxi- 
cation. This is ascribed to the disposition of the dealers to 
sell the commercial alcohol on which there is a good profit, 
rather than pay a heavy license fee for the privilege of selling 
the pure alcohol for beverages on which the profit is no 
greater. 

Speaking in a general way, alcohol contains only about two- 
fifths as many heat units per pound as gasoline and thus at 
the start is at a disadvantage, without regard to the cost. 
Tests quoted in our contributed article, however, show the 
efficiency of an alcohol motor to be from 25 to 30 per cent., 
while it is known that the efficiency of a gasoline motor 
ranges from 15 to 20 per cent. In the absence of further de- 
tails, we are able to account for this only by the fact that 
a mixture of alcohol vapor and air can be compressed in the 
engine cylinder previous to ignition to a much higher pressure 
than can a mixture of gasoline vapor and air without becom- 
ing hot enough to produce premature explosion. In the tests 
referred to, the compression in the alcohol motors was carried 
to 10 or 15 atmospheres, and it is well known that the effi- 
ciency of a gas engine depends largely upon the extent of 
compression. 

The number of gallons of alcohol consumed per horse power 
hour would be considerably more than the quantity of gaso- 
line that a gasoline engine would require per horse power 
hour. In the tests quoted in our contribution the consump- 
tion of alcohol is about one pound per horse power hour when 
the engine is loaded economically, which is equivalent to one- 
sixth or one-seventh of a gallon; while a gasoline engine 
should run on one-tenth gallon under similar conditions. 
This, coupled with its bigher price, is the main argument 
against the value of alcohol as an engine fuel at the present 
state of the art. Experiments show, however, that a car- 
burized alcohol, 50 per cent. alcohol and 50 per cent. of some 
petroleum product, gives results rather better than gasoline 
alone, and the mixture can be used in existing gasoline engines 
without extensive changes. 

We are of the opinion that the removal of the tax on alcohol 
for the arts in this country would lead to important develop- 
ments in internal combustion engines and that probably for 
every dollar thus sacrificed the impetus that cheap alcohol 
would give to chemistry and the industrial arts would net 


very handsome returns. 
* * * 


Prof. R. H. Thurston in a paper, ‘Heat Exchanges Within 
the Steam Engine,” read before the American Association for 
the Advancement of Science, December, 1902, referred to ex- 
periments that prove the steam consumption of an engine is 
practically unaffected whether compression takes place, or not. 
The mean of twelve tests made by Prof. Dwelshauvers-Dery 
on his experimental engine at Liege, Belgium, at 0.47 com- 
pression, gave the consumption at 24.526 pounds per horse 
power; without compression the mean of thirteen subsequent 
experiments showed the consumption to be 24.532 pounds per 
horse power. The steam remaining in the cylinder of a simple 
engine at the end of the exhaust period is dry and sometimes 
even slightly superheated; the walls of the cylinder are also 
dry. When compression begins the temperature of the steam 
rises and continues to rise as compression proceeds until its 
temperature equals that of the cylinder walls. During this 
period the pressure increases until the temperature of the 
steam exceeds that of the cylinder walls when it begins to 
yield up heat to the latter, producing the curious hook in the 
indicator diagram which has often been erroneously attributed 
to leakage. Prof. Thurston concludes that in the light of 
recent experiments it is not necessary in ordinary construc- 
tion to assume the presence of water in the cylinder to ac- 
count for certain phenomena; and that there is no real conflict 
between theoretical and “experimental” thermodynamics of 
the steam engine, 
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ALCOHOL FOR INDUSTRIAL PURPOSES. 


THE RESULTS ACCOMPLISHED IN THE USE OF ALCOHOL 
FOR HEAT, LIGHT AND POWER. 


In one of his consular reports, Consul Mason, of Berlin, 
dwells upon the potato as a source of wealth in Germany, in 
which he considers the potato, not only as a food, but as the 
basis of many technical products of value, notably of alcohol 
for use in the arts. Everywhere there is an indication of a 
larger use of alcohol for lighting and heating purposes and 
for power. At the Exposition of 1903 there were exhibits by 
fifty firms of apparatus for the manufacture and use of alcohol 
for technical and industrial purposes, each firm displaying 
from two to twenty machines or pieces of apparatus. 

The German government have done a great deal to stimulate 
the use of alcohol for practical purposes and the Russian 
government have employed alcohol boat motors of 300 horse 
power in the navy with highly successful results. Among the 
exhibits at the exposition was a 50 horse power Russian marine 
engine, of the internal combustion type, using alcohol, and 
directly connected to a dynamo. Its efficiency will be inferred 
from the tests, which showed its alcohol consumption to vary 
from 0.45 to 0.5 liter (.47 to .53 qts.) per horse power hour. 
At 650 revolutions per minute it developed about 61 horse 
power and ran with such steadiness that the difference be- 
tween running light and with full load was only 3 per cent. 
Like many other alcohol motors, this is started and warmed up 
with gasoline, and a lever changes the supply from gasoline 
to aleohol as soon as full speed has been attained. The igni- 
tion is by electric spark, and the moment of ignition can be 
adjusted to occur at the most advantageous part of the stroke, 
thus securing maximum economy. 

The department devoted to lighting apparatus at the exposi- 
tion included a varied display of lamps, chandeliers, and street 
and corridor lights, in which alcohol vapor is burned like gas 
in a hooded flame covered by a Welsbach mantle. Under such 
conditions alcohol vapor burns with an incandescent flame 
which rivals the are light in brilliance and requires to be 
shaded to adapt it to the endurance of the human eye. 

Similarly attractive and interesting was the large display of 
alcohol heating stoves, which, for warming corridors, sleeping 
rooms, and certain other locations, are highly esteemed. They 
are made of japanned iron plate in decorative forms, with 
concave copper reflectors, are readily portable, and, when 
provided with chimney connections for the escape of the gases 
of combustion, furnish a clean, odorless, and convenient heat- 
ing apparatus. 

Cooking stoves of all sizes, from the complete range, with 
baking and roasting ovens, broiler, etc., to the simple tea and 
coffee lamp, were displayed this year in endless variety. This 
entire department—the use of alcohol for household purposes 
—is ably and efficiently managed by the Central Association 
for Alcohol Distribution, which keeps a large depot in Berlin 
and other German cities, where everything that can use denat- 
urized alcohol is kept on sale. As another example of the effi- 
ciency of this organization may be cited its system of alcohol 
distribution to rural districts. Since the inception of the 
movement steam has in many instances been displaced by al- 
cohol motors for threshing, grinding, fuel cutting, and other 
agricultural purposes, it being claimed that the alcohol mo- 
tors have the advantages of immediate readiness of operation, 
no coal or water to be provided, no fireman needed, freedom 
from smells or danger of fire, and, finally, greater economy of 
maintenance. But in order to promote the substitution of 
spirit motors for steam and horse power, it was necessary to 
make alcohol cheap and easy to obtain by farmers in dis- 
tricts where no raw spirit is made. To meet this require- 
ment, the Central Association undertakes to deliver free at any 
railroad station in Germany denaturized alcohol of 90 per cent. 
purity, in quantities of 180 to 200 liters, for 15, 16%, and 174% 
pfennigs per liter (approximately 15, 16, and 17 cents per gal- 
lon), according to the material with which it is denaturized. 
As the consumption of a modern alcohol motor for farming 
purposes is about 0.5 liter (costing about 2 cents) per horse 
power hour, it will be apparent that in this country at least 
benzine and petroleum have met a serious competitor as fuel 
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for motor purposes. The Hamburg-American Steamship Com- 
pany has in service a harbor-inspection launch which, with a 
23-horse power spirit engine, makes a speed of 10 knots, and 
preparations are being made to greatly extend the use of such 
motors in the launches and ships’ boats of the German navy. 


Internal Combustion Alcohol Motors.* 

The use of alcchol as a motor, while having been tried by 
Brayton in Philadelphia as far back as 1876 or so, received 
but little impulse until 1894-5, when Germany took it up to 
encourage its agricultural and distilling industries. In France 
Lockert in 1896 made experiments, as did Arachequesne, 
Pétréano and others. The French Department of Agriculture, 
in direct contrast to that in Germany, discouraged the at- 
tempts as Utopian. The Paris newspaper “Vélo” in 1899 in- 
augurated a contest of alcohol-driven automobiles and bicycles; 
from Paris to Chantilly. Four automobiles appeared, only 
one started. The weather was bad. The trip of 137 kilo- 
meters (85 miles) was made by an Armand & Briest machine 
with two persons, in 8 hours 8 minutes; that is, 17 kilometers 
(or 10.6 miles) per hour. The consumption of pure spirit was 
37 liters (= 9.87 gallons). 

In 1899 Gutman put on the market a carburetted half-and- 
half alcohol which was tested in a benzine motor; the results 
were gratifying. The Exhibition of 1900 showed the Korting 
pure alcohol motor and the Martha carburetter on a Dietrich 
carriage. The “Criterion of Aicohol” in 1900 was “a bolt from 
the blue.’ There were 40 entries for the Paris and Rouen 
Of these, four used pure alcohol; one, the new 
carburetted spirit of Leprétre. 
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Brillie Motor. Fig. 2. 


At present, one of the best examples of a carburetted alcohol 
motor is the Brillie, using “Stellane.’ Figs. 1 and 2 show an 
axial and a cross section, of the Brillie motor and Fig 3 is a 
diagrammatic representation of the carburetter and valve 
arrangement. There are two vertical cylinders, VV, open at 
their ends. In each there are two pistons, the lower of which 
drive by means of the connecting rods dd, and the upper ones 
through the rods ¢t, the connection being through the cross- 
head hf in the upper part of the sketch. The middle crank is 
at an angle of 180 degrees from the outside cranks. 

In each cylinder the pistons move in opposite directions; 
the explosive being produced between them. The motor is of 
the “four cycle” type and the cycles in each alternate with 
those in the other, so as to give one impulse per rotation. 
In order to get the best possible counterbalance the throw of 
the middle crank is longer than that of the outside cranks, thus 
compensating the difference in mass by difference in piston 
speed. 

The distribution is effected by vertical valves, shown in 
Fig. 3, the upper one of which is the intake, working auto- 
matically, and the lower one the exhaust, operated by a cam on 
the cam shaft g. A distributing wheel G is employed for in- 
troducing the alcohol. It is in the form of a conical plug 
having pockets around its periphery, and as the distributor 
revolves these pockets become filled with the liquid from the 
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reservoir and are successfully brought before the orifice at 
the left where the liquid is forced out by a blast of air in pipe 
P and vaporized in intake pipe WM. 

The rotation of the distributcr plug is effected by a ratchet 
mechanism under the control of the governor. There are as 
many teeth in the ratchet as there are pockets in the dis- 
tributor, so that every time the ratchet is advanced cne tooth 
a pocket containing a charge of alcohol is brought opposite the 
atomizer. The governor which controls the rotation of the 
distributor is of the inertia type, working on the hit-and-miss 
principle. A weight is oscillated back and forth by an eccen- 
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Fig. 3. Valve and Vaporizing Arrangement. 


tric motion and as the connection between the weight and the 
shaft which gives it its motion is a flexible one (either by an 
intervening spring or by frictional contact) the inertia of the 
weight will cause it to travel ahead or lag behind its shaft, 
according as the engine speed retards or accelerates. This 
movement of the weight causes a dog which reciprocates with 
the eccentric to be thrown into or out of contact with a tappet 
attached to a lever which operates the ratchet mechanism. 
The inertia effect of the governor is modified by a spring, the 
tension of which can be adjusted by hand through the lever 
indicated at the lower right-hand corner of the engraving, 
and the speed of the engine varied from 300 to 1,400 turns a 
minute. It will be noted that the intake pipe M is prolonged 
downward and to the right for the admission of air through 
a valve at L, and to insure that the proper quantity is taken 
in to produce the combustion mixture the valve ZL is placed 
under the control of the hand lever mentioned above, so that 
when the speed of the engine is changed the volume of air is 
changed to correspond with the quantity of alcohol used under 
the new conditions. 

The explosion of the alcohol and air mixture is less sudden 
than that of benzine, and the temperature of combustion is 
lower and better sustained. The same is true of carburetted 
alcohol as compared with benzine. 

Chauveau’s tests go to show that up to a speed of 1,000 turns 
per minute, carburetted alcohol gives out greater power than 
benzine; this difference, however, diminishes at greater 
speeds. 

The products of combustion of alcohol have a less disagree- 
able odor than those of benzine. Being less volatile, it is 
hence less dangerous; and there is less waste in storage. This 
is of special importance in hot countries. Further, there are 
districts where benzine is difficult to procure hecause the 
steamship lines object to carrying it except in full cargoes 
and at excessive rates. Alcohol has the advantage of being 
procurable in agricultural districts by distillations from 
grain, potatoes, waste beet-pulp, ete., and can be manufac- 
tured with comparatively inexpensive apparatus. 

At a meeting of the Hanover branch of the German Engi- 


MACHINERY. 


467 


neers’ Society there was read a report by Prof. E. Meyer on 
alcohol motors. Tests with three Marienfelder motors gave 


as follows: 
ALCOHOL PER HORSE POWER HOUR. 
Motor I. Lbs av. 
POU lOd Gew2o oO rk samen coe mins. 0.898 
Be OG Ct etree das SNe) hota aime! p tases eco Ale ie. ado 0.968 
Le LOG, Ce eer Wyte ae PRN ne Meat OR cto) oe Ds a 1.115 
UR ARO YEN a Levis v3.) We paeancere cles nen toa ee 1.588 


Compression 10 to 12 atmospheres; maximum cylinder pres- 
sure 28 atmospheres. 


Motor II. Lbs av. 
HU Oa eae teeta w ees er aa ar Ta. Sorc aioe cs 0.935 
See LOA Se ae TLE CONS eo Poin cet Saree 1.025 
DUA AKOGW OR ts ig caticoO OOOO IRA I oe i Pa} 
Lh) OD detty hee Peet ARTE OEY cneke are yas Go orers daa 1.879 


Compression 12 to 13 atmospheres; maximum cylinder pres- 
sure 30 atmospheres. 


Motor III. Lbs. av 
TEMOWOE Wate le ie See ce Biche 0. ah 218 CER ee a 0.867 
2h, WOR KGL ele hace Gebloc an ih ee ELSES See eee 0.959 
SLO Cl Maees eet ARR mr Teme pede h a eh ePe Gc 6 8 conditey a 11185) 
BPC AIG RN GL. Sees eater G cecrleanste Chore = Ree init 0.582 


Compression 13 to 14.5 atmospheres; maximum cylinder 
pressure 32 atmospheres. 

This figures up, if we consider full load and take the caloric 
value of alcohol as 5,500 calories, to an efficiency of 28.7 per 
cent. 

3 * * * 
PROPORTIONS OF GEARS. 
C. F. BLAKE. 

In the February and March, 1902, issues of MACHINERY the 
writer gave such information as would enable a designer to 
determine the size of any gear, the form and strength of the 
teeth, and to lay out the tooth form. When designing a 
gear, however, there are other things of importance to be 
considered which were not touched in the above articles. 
These are the proportions of the rim,°arms and hub. The 
number of arms in any gear is determined arbitrarily, and 
may be from three to eight, or even more, while many pin- 
ions too small to allow of arms between the rim and hub, 
must be made with solid webs. 

Let R =the pitch radius of the gear in inches, 

n =the number of arms, 
W =the load at the pitch line=s pf y,* 


k-|—| 
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Fig. 1. 


then the bending moment on each arm is approximately, 


Wh sspfyk 
M = —— = 
n n 


The arms of gears take various forms, the best being the 
elliptical and T-sections, as shown in Fig. 1. The elliptical 
section lends itself well to the design of spur gears, while 
the T-section is desirable for bevel gears and wormwheels, 
where there is considerable thrust parallel to the shaft against 


* From Mr. Wilfred Lewis’ formula for the strength of gear teeth, used in 
the previous articles mentioned. 

In this formula s = the allowable fiber stress, p = the circular pitch, f = 
the face, and y =a variable from the table given on the next page, where 
it is repeated for convenience. 
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which the gear must be stiffened, which is well accomplished 
by the rib of the T-section. In order that a gear shall mold 
well and produce a casting free from inherent strains, the 
metal must be well and evenly distributed, which may be ac- 
complished by making }=0.6 p, where b is the thickness of 


the arm, as in Fig. 1, and p is the pitch of the gear. The 
proportions of the arm may then be as follows for, 
Elliptical Sections. T-Sections. 
Z = section factor. Z = section factor. 
7 | Oh Ope 
A = — 0 Me" 008 pin? L = —— = = tay hay Ol fe 
32 | 6 6 
spfyR | spfyk 
M=SZor —= 058ph?s M=SZor —= l1ph’s 
n n 
fyk Syk 
p= P= — == 
.058 1 alt 9 
nN 1p np 
Ask =—= 16np As Kk = —= .16np 
2 1 | 20 
we have we have 
l6npfy | 16fypn 
(i SS Cif O40 h? = —— = 016.4) 
.058 n 1n 
and _ and 
h=V OTF yp | h= V.016f yp 
VALUES OF y. 
No. of Teeth Involute Teeth. Radial Flanks. 
12 067 052 
13 .070 058 
14 .072 054 
15 075 055 
16 ROM 056 
Wy 080 057 
18 | 083 058 
19 087 .059 
20 | .090 .060 
21 .092 061 
23 | 094 062 
25 097 068 
27 | .100 . 064 
30 ! .102 .065 
34 104 .066 
38 .107 067 
43 .110 .068 
50 .112 069 
60 .114 070 
75 .116 071 
100 .118 .072 
150 .120 078 
300 .122 074 
rack .124 075 


The dimension h is made to taper from the hub to the rim, 
and in elliptical sections the dimension 0b is also made to 
taper. This taper may be 7-16 inch to 
one foot for h, and 5-16 inch to one foot 
for b, the taper measured on the whole 
dimension. 

The usual rim sections used with the 
above-mentioned arm _ sections are 
shown in Fig. 1, in which the dimen- 
sions are 

t =0.47 p. 

— 05 0np: 

For bevel gears the thickness of the 
rim may be as shown in Fig. 2. 

€= 0.56 p. 

Low and Bevis in their work on ma- 
chine design give the following for- 
mula for the thickness of hubs, when 
made proportional to the diameter of a 
shaft which would have the same 


strength as the gear. 
epee a 
fpk 
poeNe 
3 


where f—the face of the gear, 
p=—the circular pitch, 
R=the pitch radius. 
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The length of the hub is sometimes made the same as the 
face of the gear, but more often it is 1.5 times the diameter 
of the shaft. The taper of the hub may be 4% inch to one 
foot, and a boss should be placed over the keyway to make 
up for the metal taken out in cutting the keyway. An im- 
portant method of increasing the strength of any gear is by 
means of shrouds or annular rings cast on the ends of the 
teeth as shown in Fig. 3. The. strengthening effect of a 
shroud depends upon the face of the gear in inverse ratio, as 
while in all cases the shear between the shroud and the teeth 
is the same, it forms a greater ratio to the cantilever resist- 
ance of the tooth as the face becomes narrower. In practice, 


pinions are more often shrouded than larger gears as, owing 
to the form of their teeth, they require shrouds to make them 
equal in strength to the meshing gear. As the teeth of 
shrouded gears cannot be finished or ground, plenty of clear- 
ance must be left between the shroud and the teeth of the 
meshing gear, as shown, in combination with different meth- 
ods of shrouding, in Fig. 3. 
* * * 


THIRTY-SIX INCH TRIPLE-GHARED LATHE. 

The triple-geared lathe, shown in Figs. 1 and 2, has just 
been brought out by the Bradford Machine Tool Co., Cincin- 
nati, Ohio. In this tool are combined the leading features of 
the regular line of lathes manufactured by this company to- 
gether with a number of new ones that have been added to 
increase the rigidity and wearing qualities and the ease of 
operation. The cone has five steps for 54-inch beit, the back 
gear ratio is 6.25 to 1, and the triple gear 40.61 to 1, thus giv- 
ing 15 speeds, which are arranged in geometrical progres- 
sion. 

In the front of the bed, under the headstock (Fig. 2) can 
be seen a nest of six gears, the lower three of which are 
drivers while the upper ones are keyed to the leadscrew. By 
means of a slip key controlled by a pin with a hexagon head, 
either set of gears may be brought into action, thereby giving 
three changes of feed or three different threads without chang- 


Fig. 1. 


Bradford 36-inch Triple-geared Lathe. 


ing the end gears. These changes, together with the usual 
change gears, give a wide range of threads. It is often found 
necessary to cut threads of very coarse pitch and outside of 
the range usually had on screw cutting iathes. For this pur- 
pose there has been incorporated into this lathe means where- 
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by this may be accomplished without any complications or com- 
pounding of gears. In the rear end of the headstock is a 
sliding bearing supporting a short shaft that has gears on 
either end. As they are shown, the inner gear is in mesh 
with a small gear on the cone and from the cone, motion is 
communicated directly to the screw. In this case the ratio 
is 8 to 1, when driven from the spindle, so that if the lathe 
is geared nominally to cut 1l-inch pitch it would with this 
arrangement cut 8-inch pitch. 
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through the use of machinery is even more notable and im- 
portant in its economies and results. A series of steel 
bridges, so adjusted as to be easily moved along the docks, 
is supplied with a hinged arm, which can be lowered to the 
hatch of the vessel. Along this arm and across the bridge 
runs a trolley train to which are attached automatic “grabs” 
similar to a double scoop, which are so constructed that the 
grab or scoop digs downward into the ore as it closes. The 
grab or scoop holds about 5 tons of ore and is described 
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Fig. 2. Change Gearing of Bradford 36-inch Triple-geared Lathe. 


The carriage is fitted with a compound rest which has power 
feed in all directions and the top slide has a motion of 12 
inches. The apron is provided with a reverse and a simple 
non-interfering device which renders it impossible to engage 
more than one feed at a time. The leadscrew is cut with an 
Acme standard thread and splined its entire length, the threads 
being used only for screw cutting. The tailstock spindle has 
long movement and bears in the tailhead its full length. The 
tailstock as a whole is easily moved along the shears by a 
rack and pinion. 

* * * 


ORE HANDLING. 


The wonders accomplished in the mining and handling of 
iron ore in the United States by the application of modern 
machinery are outlined in a special report to the British Gov- 
ernment made by the Acting British Consul at Chicago, Mr. 
T. Erskine, a copy of which has been received by the Treasury 
Bureau of Statistics. The report is entitled “Report on the 
Iron Ore Industry of the United States,” but gives especial 
attention to the modern methods of mining and handling ore, 
by which hand labor has been greatly reduced. In mining 
ore in certain parts of the Lake Superior region he says that 
the top covering of ground rock is scraped off over the whole 
property before mining begins. Railroad tracks are then 
laid direct to the ore bed, and the ore is loosened by blasting. 
Steam shovels are then brought into use and they load the 
ore directly upon the cars, one of these machines having 
loaded 170,000 tons in 26 days, or at the rate of over 6,500 
tons per day. These loading machines, which daily handle 
more than 6,000 tons, are each operated by 5 men, and the 
labor cost for mining and loading averages but about 1é6c. per 
ton, and in the case of one mine, which dug and loaded 
293,651 tons in 174 days, the labor cost was only 4c. per ton. 

In the transfer of ore from mine to vessel on the Lakes the 
absence of hand labor is also noticeable. The ore trains are 
run onto long docks extending high above the water and 
having large pockets or compartments into which the ore is 
discharged from the cars through an opening in the bottom 
of the car, from which the ore runs by gravity into the pock- 
ets beneath the tracks.. From these pockets the ore is loaded 
into the vessel, also by gravity, and passed down long chutes 
into the hold of the vessel so that no hand labor is required 
in transferring the ore from the cars to the vessel. The ore 
pockets or compartments, which form a part of the dock, hold 
about 160 tons each, and number from 90 to 384, according to 
the length of the dock. 


In unloading the ore from the vessels the saving of labor 


as a “digging machine,” as when it begins to draw together 
it digs into the ore and does not depend on its weight to get 
hold of the ore. There are 15 unloading machines in a bat- 
tery, and the grabs run down the long arms which are low- 
ered over each of the 14 hatches that are in-the deck of most 
lake vessels carrying ore. These hatches run nearly the 
whole way across the decks. The grabs can thus remove over 
half the cargo without any assistance and the remaining half 
is brought directly under the hatch by use of a scraper also 
operated by similar machinery and managed by a man in the 
hold through the use of long cords. This scraper brings the 
ore from between the hatches so that it can be raised by the 
grab. These grabs are controlled by the engineer who can 
drop them at any point over the hold that he may wish and 
after it seizes its load of ore it is raised at full speed, carried 
rapidly along the trolley to such given point as desirable, 
where the ore is deposited into railroad trucks or stock piles, 
or in some cases into concrete troughs through which it slides 
to the furnaces, where it is to be transferred into pig iron. 
This grab, which thus lifts five tons of ore from the vessel 
carrying it to such point as is desired within a limited space, 
has a hoisting speed of 100 feet a minute, and can run along 
the bridge at the rate of 1,000 feet a minute. The operator 
travels with the grab and can unload it at any given point 
desired. The bridges to which these arms, with their grabs, 
are attached can be swung in any direction, so that ore, lithe- 
stone, or coke can be deposited or picked up anywhere in the 
yard. They are worked by electricity. Twenty-six men will 
now perform, under this system, the work for which 300 were 
required under the old system. 


* * ® 


Wrought iron and steel increase in tensile strength with 
increase of temperature up to 500 degrees F. Cast iron be- 
comes perceptibly weaker at 200 degrees and at about 1,000 
degrees it only has about one-third its normal strength at 


ordinary temperatures. 
* * * 


To find the heating surface required in feedwater heaters, 
a quick rule is to divide the known pounds of feedwater used 
per hour by 100 for copper, 90 for brass and 60 for iron pipe. 
The quotient will represent the required number of square 
feet of heating surface. This method of calculation applies 
particularly to the coil type of heater in which the circulation 
of feedwater is generally more rapid than in heaters of other 
types. This rule is based on authority of the Whitlock Coil 
Pipe Co. 
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THE COOLEY EPICYCLOIDAL STEAM 
ENGINE. 


A NEW TYPE OF ROTARY ENGINE AND THE PRINCIPLE 
OF ITS CONSTRUCTION. 


Without doubt no other type of steam engine has ever re- 
ceived the time and attention of hundreds of inventors that has 
been devoted to the attempt to produce a satisfactory rotary 
engine, and the number of patents that have been granted for 


Fig. 1. Cycloidograph for Illustrating Principle of the Epicycloidal Engine. 


different designs of this style of engine is exceedingly large. 
Upon trial, however, all, or nearly all, of these engines have 
failed to show any economy of steam production at ali ap- 
proaching that attained by the regular reciprocating engine. 
Many of the designs that seemed to possess promising possi- 
bilities have been so complicated as to be subject to excessive 
wearing of the operating parts so that in a short time they 
have become useless. 
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Fig. 2. Some of the Curves Generated with the Cycloidograph. 


We illustrate herewith a type of rotary engine of unquestion- 
ably simple construction which constant trial for a period of 
over two years has proved to possess good wearing qualities, 
while reliable tests that have been made show that it is at 
least equal in the economical use of steam to the best recipro- 
cating engines of the same capacities. This engine is the in- 
vention of Mr. J. F. Cooley and the patents are owned by the 
Cooley Epicycloidal Engine Co., who have established a thor- 
oughly equipped laboratory at Allston, Mass., where the or- 
iginal engines have been built and the tests conducted. It is 
the plan of this company to establish branch shops in various 
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parts of the country where the engines will be built for the 
different purposes for which they are adapted, while the All- 
ston plant will be used for experimental purposes and for the 
construction of new types as they are designed. 

This engine consists of a horizontal cylinder having at each 
end a bearing for the main shaft which runs directly through 
it, but whose center is eccentric with the center of the cylin- 
der. Firmly fixed to the main shaft and revolving with it isa 
bilobed piston which, however, does not come in contact with 
the walls of the cylinder at any point in its revolution. The 
intervening space between the piston and cylinder is filled by 


Fig. 3. Cycloidal Lathe Boring Trilobed Spacer of Epicycloidal Engine. 


a ring, called a spacer, which has a series of longitudinal slots 
and bars that form ports and valves for the admission and 
control of the steam. Both piston and spacer revolve in the 
same direction but at different rates of speed. ; 

To illustrate the principle upon which the invention is based, 
the cycloidograph, which is shown in Fig. 1, was designed. 
This consists of a number of points which are arranged so as 
to revolve about a plane which also rotates, in the same di- 
rection, but at a different rate of speed. The revolving points. 
are supplied with markers and are turned by means of a crank 
shown at the top of the instrument. By varying the relative 
position of the centers about which the markers and the plane 
revolve, and also the relative speeds of rotation, any figure 


Fig. 4. Cycloidal Lathe Turning Bilobed Piston for Epicycloidal Engine. 


may be described upon the plane, including circles, triangles, 
nephroid forms, etc. Now if a piece of metal be substituted 
for the plane and instead of the markers some form of cutting 
tool is used, it will be possible to cut from the metal a hole 
of any desired form. Again, if the cutters were stationed at 
the proper points on a revolving annulus rotated at the same 
rate of speed as the plane, and a piece of metal substituted 
for the markers the metal could be turned to any required 
form. These principles are employed in the construction of the 
epicycloidal lathes which were built for the purpose of turning 
the pistons and boring the spacers which are used in the en- 
gine. 
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Fig. 3 shows the lathe boring one of the spacers. The tool 
is held in a boring bar which is driven from the lathe spindle 
and rotates concentric with the centers of the lathe. The 
spacer which is being bored also rotates but at a different rate 
of speed and eccentric with the centers of the lathe. By mak- 
ing proper adjustments of the position of the centers. and of 
the relative speeds of rotation, the tool will bore in the spacer 
a trilobed hole suitable to run with the bilobed piston which 
is shown in the process of being turned in Fig. 4. In this case 
the work is revolved on the lathe centers while the cutters, 


Fig. 5. Working Model of Epicycloidal Engine. 


of which three are used, are revolved about a different center 
and at a different rate of speed. This action produces the 
bilobed piston which runs with the trilobed spacer after the 
form of a two-toothed pinion running in a three-toothed in- 
ternal gear and the relative speeds are three revolutions of 
the piston to two of the spacer. 

The action of the running parts of the engine and the 
method by which they are adapted to produce rotary motion 
are clearly shown in the model, Fig. 5. In this section J is 
the steam pipe and O the exhaust. Steam ordinarily enters at 
A and passes out through the exhaust port C. Both piston 
and spacer revolve in the direction indicated by the arrows and 


TEST ON 10 H. P. ENGINE, MARCH 4, 1908. 
Engine coupled to Dynamo, 
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H. P. input to dynamo = 10.5 about 34 large. 

Steam per H. P. hour = 42.83 Ibs. 
at relative speeds of three to two. In the position shown the 
engine is at its “dead point” and to start it in motion the 
valve V is rotated so as to allow steam to enter at the port F. 
As soon as the engine is started, however, this is returned to 
the position shown and all steam enters through the port A. 
Suppose now that the engine has started in motion so as to 
admit steam at the point 1 port A, into the chamber @ which 
corresponds to the clearance space. As the motion continues, 
steam flows into the cylinder until the point 4 has passed the 
point 8, at which time cut-off occurs. As the piston and the 
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spacer continue their rotation the intervening space between 
them gradually increases as shown at # and in this space ex- 
pansion takes place. This continues until the point 2 has 
reached point 5 on the port C, when release occurs. Port B 
is an additional exhaust port which prevents any back pressure 
that might be caused by incomplete exhaustion through the 
port C. With this construction the horse power increases di- 
rectly with the speed and approximately as the pressure of 
the steam used. There are no reciprocating parts and the 


TEST ON 70 H. P. ENGINE, MARCH 14, 1908. 


Barometer = 30.0c0ins. Room Temperature = 80° F. 
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speed can be varied at will from that of the slow speed reci- 
procating engine up to that of the high speed steam turbine. 
Governing is accomplished wholly by throttling, the point of 
cut-off remaining constant at all speeds. 

As an example of the comparative size of these engines, a 10 
horse power engine, running at a speed of 2,000 revolutions, 
measures but 14 inches long, is 61% inches high, 5 inches thick 
and weighs only 45 pounds. Fig. 6 shows a 10 horse power 
engine direct connected to a 4-pole, 6-kilowatt generator run- 
ning at a speed of 950 revolutions per minute. In this case it 
has the appearance of a good-sized outboard bearing. The ac- 


Fig. 6. Ten H. P. Epicycloidal Engine Direct-connected to 6-KW. Generator. 


companying tables show the results of a series of tests that 
were performed by Professor E. F. Miller, of the Massachu- 
setts Institute of Technology. The engines so far tested have 
been neither compounded nor jacketed, and it is anticipated 
that when the jacketed compound engines are tested, very 
much better economy will be attained. 

The engines are also built of the reversing type and owing 
to their extreme compactness are well fitted for marine and 
automobile work. One of these engines, running a propeller 
immersed in a tank of water, is often instantly reversed from 
full speed ahead to full speed astern without injury to the en- 
gine. 
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ENGINEERING REVIEW. 


CURRENT EVENTS, TECHNICAL AND MECHANICAL—LEADING ARTICLES OF THE MONTH. 


At the annual meeting of the stockholders of the Pennsyl- 
vania Railroad Company held recently, when they voted 
to increase the capital stock from $250,000,000 to $400,000,000 
Vice-President J. P. Green said that during the past two years 
the company has purchased an average of one locomotive a 
day and a total of 40,000 freight cars. 


The city of Chicago is following the lead of Cleveland, St. 
Louis, Washington and other cities in the matter of smoke 
suppression, a question that has been agitated by the Chicago 
Times-Herald for a long time, apparently with good results. 
The city council has passed a smoke ordinance which puts 
the work of smoke inspection and boiler inspection in one 
department. All plans for steam plants must be examined and 
approved of before a permit for the erection of the buildings 
can be issued by the building department. 


A French patent has been taken out by the De Dion-Bouton 
firm on a self-ignition device for, internal combustion motors. 
A small cylinder is fastened to the side of the working cylinder 
with a port connecting the two. The piston of the smail cylin- 
der reciprocates at one-half the rate of that of the larger one, 
that is for two strokes of the main piston the auxiliary piston 
makes one stroke. An explosive mixture is drawn into the 
small cylinder on its down stroke, and this is compressed to 
such a degree on the up stroke that it spontaneously ignites 
and fires the charge in the working cylinder, the flame com- 
municating by the port referred to. 


Because of the notable achievements in utilizing the water 
power from the glaciers in the Alps between France and Swit- 
zerland a “white coal” convention was recently held at Greno- 
ble, France, which was attended by over 500 prominent engi- 
neers. At Epirre, Savoie, a fall of 1935 feet is utilized; at 
Chapareillan, 25 miles from Grenoble, another fall of 2,040 feet 
has been utilized; Grenoble will soon be lighted by water 
power; and many other industries too numerous even to men- 
tion are now deriving their power from the mountain streams 
fed by the snow fields and glaciers of the Alpine mountain 
system. Of course what has made all this so recently possible, 
is long distance electrical transmission. 


The first annual report of the National Bureau of Stand- 
ards has been issued and reviews the work incident to organ- 
izing the departments and announces the plans for the future. 
Two buildings have been planned, one of which, the mechani- 
cal laboratory, is now under construction. It will include 
a boiler room, engine and dynamo room, a refrigerating and 
liquid air plant, storage battery room, rooms for heating and 
ventilating apparatus, and instrument shop, wood carving de- 
partment, and a room for conducting electrical tests requiring 
heavy currents. The second building will be for a physical 
laboratory and contain apparatus that must be removed from 
the vibration and magnetism of machinery. Plans have been 
developed for carrying on several lines of work in the near 
future, such as standardizing lengths up to 10 feet, measure- 
ments of volume, electrical resistances, etc. In thermometry, 
preparations are being made to test temperature measuring 
instruments extending over a range from minus 140 degrees 
to 2,700 degrees F. 


The distance between Wilkesbarre and Hazelton, Pa., is a 
matter of about 50 miles by either the Pennsylvania Railroad 
or the Lehigh Valley Railroad. A new electric third-rail line 
has been built between these two points which is only a little 
more than one-half as long, its length being 26 miles. This 
road is notable not only because of its permanent construction 
—stone bridges, deep rock cuts, heavy fills, tunnel through 
solid rock 2,600 feet long, 95-pound rails and avoidance of all 
grade crossings—but for the adoption of a hooded third-rail 
which, of course, prevents accidents to the workmen, but it 


was primarily adopted to prevent interference from winter 
storms. The third-rail is supported on the end of every fifth 
tie, which is made longer than the other four, and over the 
rail is placed a pine plank 2 x 6 inches, supported every 8 feet 
by oak posts, both the rail and the plank being supported on 
insulators. The third-rails are 60 feet long and weigh 80 
pounds to the yard. The severe storms of last winter proved 
the efficiency of the protection, as otherwise it would scarcely 
have been possible to run the cars with any regularity at 
some of the worst periods. 


The problem of towing canal boats by power has been re- 
ceiving attention in Germany and experiments upon several 
types of towing machines are in progress. The main trouble 
experienced in towing by means of a steam or electric car run- 
ning on rails along the tow-path comes from derailing when- 
ever there is a sudden jerk upon the tow line, owing to the 
impossibility of keeping a uniform tension in the line. To 
overcome this an electric towing car has been designed by 
Messrs. Ganz & Co. The car is relatively light and has two 
pairs of wheels which are set at a convergent angle, so that 
both pairs run on the same rail, the balance of the machine 
being maintained by a pair of trail wheels running along the 
adjacent roadway. Almost the entire weight, however, is 
borne by the inclined wheels on a single rail, and the arrange- 
ment is such that the heavier the resistance load created by 
the boat, the tighter the grip of the wheels upon the rail. 

It is proposed to equip a new canal 23 miles in length, south 
of Berlin, with this or some other system of electric towing. 
For an annual traffic of 1,500,000 tons 53 locomotives will be 
required, each capable of towing one boat of 600 tons or two 
boats of 200 tons. 


The American Institute of Hlectrical Engineers have taken 
an important step, in line with the progressive management 
which has characterized this society, by the creation of a 
“student” grade. 

This does not correspond to the “Junior” grade of the Civil 
and Mechanical Societies, but is intended for students at the 
technical schools or elsewhere. The sole requirement of appli- 
cants for such student membership is that they shall be “reg- 
ularly pursuing electrical studies.’ Such men on suitable 
indorsement, may on payment of $3 per annum become stu- 
dents of the institute, and as such will receive the regular 
announcements and monthly “Transactions,’ and may attend 
any meetings of the Institute except business meetings. They 
may also purchase the semi-annual bound volumes of “Trans- 
actiong” at $3.50 per volume. The continuance of such student 
membership is limited to not more than three years in any 
case. In connection With the local meetings of the Institute 
now held at fourteen prominent engineering schools, it will 
doubtless serve to make the Society known to a large number 
of young engineers and a considerable proportion of these will 
be apt to apply for membership in later years. 


While public interest in the possibilities of electric automo- 
biles has centered in the Edison battery, it must not be for- 
gotten that marked improvements have been made in others, 
all of which are leading to a certain increase in popularity of 
electric vehicles. The Western Electrician reports a new alka- 
line storage battery exhibited at the Chicago automobile show 
that attracted a good deal of attention. The exhibit consisted 
of 28 cells, each weighing slightly less than six pounds and 
is said to have a capacity of 100 ampere-hours on a closed 
circuit of 1.4 volts per cell. These were connected to a light 
runabout mounted on a speedometer and a switchboard, the 
whole being arranged to demonstrate the possibilities of 
the new battery. The runabout, on a test made during the 
exhibition, required 30 amperes to drive it a speed of 20 miles 
an hour, and the battery was able to deliver this amount of 
current for three hours continuously. Each cell is hermeti- 
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cally sealed, and therefore it becomes unnecessary to stan- 
dardize the specific gravity of the solution, and the spilling of 
the acid or electrolyte is prevented. The efficiency of the bat- 
tery compares favorably with lead cells, and it is particularly 
attractive to the operator of an electric vehicle because he can 
give practically full charge to his batteries in an hour or two 
and discharge them at such a rate as conditions may require, 
without any danger to any part of the batteries. The cost of 
this cell is stated to be slightly above that of the lead cell. 


At the sixth annual general meeting of the Marconi Wire- 
less Telegraph Co., held March 31, in London, the chairman 
gave a short running account of the progress of the company 
during the year and said that the past eighteen months had 
been a period of the greatest activity, during which substan- 
tial progress had been made in the development of the sys- 
tem and the establishment of new stations. In referring to 
the attitude of various countries he stated that the Italian 
government had given them the heartiest support. In this 
connection Mr. Marconi stated that the Italian government 
had authorized him to construct a large station in Italy for 
the purpose of communicating with America; also that they 
had agreed to use no other wireless system of telegraphy for 
commercial purposes during the next fourteen years. In re- 
gard to the existing cable companies and their enmity he 
said that ever since 1897, when he first succeeded in com- 
municating from England to France without wires, the cable 
companies had not ceased to regard his efforts as a menace to 
their interests and to endeavor by ridicule, misrepresentation 
and other means to discourage his progress. Regarding the 
statements that have been so widely circulated that interfer- 
ence between adjacent stations would surely prove an insur- 
mountable bar to commercial work, he quoted from the report 
of Prof. Fleming, who has made an exhaustive investigation 
of the subject in the Marconi station at Poldhu. In Prof, 
Fleming’s opinion the problem of interference has been satis- 
factorily solved and the statements to the contrary are 
not based on fact. The signals sent from Poldhu did not in- 
terfere in the slightest with the local wireless system for 
signaling to ships. 


The many railroad accidents during the past year in the 
United States have led to an investigation by our consular 
officers of the methods employed by European railways to 
avoid disasters. Among the reports received at the State De- 
partment is one from Consul-General Mason, at Berlin, in 
which he tells of a new device which is being tested by some 
of the German railroads. 

A light T-rail is laid between the rails, and midway under 
the engine is hung an electrical apparatus connected with a 
contact shoe which slides along the third rail. Wires connect 
with a telephone and an electric alarm bell in the cab, also 
with a red incandescent lamp which is lighted by the same 
impulse that rings the alarm bell. The device sets the 
electric brakes simultaneously with the alarm. The appa- 
ratus is so adjusted that the engineer can at any minute 
by touching a lever satisfy himself that it is working. 

Numerous tests have been conducted. In one instance 
an engine drawing a special train at full speed received a 
danger signal and came to a full stop. The engineer then 
asked by telephone the cause of the signal and received from 
the keeper of a grade crossing, half a mile in front, word 
that a wagon had broken down in crossing the track and 
obstructed the‘line. After ten minutes’ wait the engineer 
received word by telephone that the obstruction had been 
cleared away and resumed his trip. 

Bearing on this subject is a recent report of the Illinois 
Railroad Commission, giving some statistics of derailments 
at interlocking grade crossings of railways in the State of 
Illinois for the past year, from which it appears that while, 
out of a total of 197 derailments only 7 were due to de- 
fects in the interlocking system, and 27 to defective track 
or rolling stock, no less than 138 derailments were due to 
trains running against the signals. In view of these statistics 
the Commissioners recommend the use of an automatic stop, 
acting directly upon the engine, 
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APPLICATION OF REVERSING ELECTRIC MOTORS TO 
PLANERS. 


Mechanical World, April 10, L903 se peels: 


The writer, Harold C. Gunson, refers to the fact that in the 
usual application of electric motors to planing machines, the 
motor is employed to drive the countershaft, or the driving 
pulleys are placed directly on the motor shaft and the re- 
versing of the table accomplished by the usual mechanical 
means. This method of driving a planing machine has sey: 
eral disadvantages, chief among which is the very heavy cur- 
rent taken on reversing. This is sometimes overcome by 
means of a heavy flywheel on the motor shaft; but unsatis- 
factorily. The wear and tear of the belts and the tappet mo- 
tion are also considerable, not to speak of the noise produced. 

He then mentions the advantages of obtaining the reversal 
of the table by reversing the direction of the motor itself, 
saying there is no reason why a well-made motor should not 
be able to withstand a reversal every few seconds continuous- 
ly, if the current in the armature when slowing down and 
getting up speed again is not allowed to exceed, say, double 
the full-load current. The motor—which should be shunt- 
wound-—may be connected by means of a belt to the driving 
shaft of the planing machine, or it may be arranged to drive 
directly through the gearing. In the former case the motor 
is protected from overload by the slipping of the belt, and 
there will be less shock to the gears. This arrangement is 
therefore preferable, although it adds to the weight of the 
rapidly-revolving parts. The reversal is effected by a re- 
versing switch actuated by the rocking shaft, in conjunction 
with a device for switching in resistances while the motor is 
slowing down to zero and getting up speed again, which is 
controlled by the current in the armature circuit. 

In slowing down, the motor acts as a generator, the fields 
being constantly excited from the mains, and the current pro- 
duced is passed through properly-regulated resistances which 
do not allow it to exceed some predetermined amount, until 
the armature comes to rest. Then the current is switched 
on in the opposite direction, and the amount through the 
armature regulated in the same way until it attains full 
speed. This piece of mechanism is the subject of a patent, 
and works exceedingly well. Quick return is obtained by 
weakening the field on the return stroke, a ratio of 3 to 1 
being obtained with some motors. A separate starting 
switch is provided, and a field regulator for giving various 
cutting speeds to suit the different classes of metal operated 
upon. 

This arrangement works Smoothly and silently, and the 
driving bracket can be much reduced in size, as there is noth- 
ing on it but one pulley and the gearing. There is also much 
less wear and tear on the tumbler and other parts working in 
connection with it, which has practically nothing to do but 
operate the feed mechanism. It is, of course, advisable to re- 
duce the kinetic energy of the moving parts which require 
reversing in direction, especially those that move the most 
rapidly. These are the armature and the pulleys. Therefore 
a slow-speed motor is the best for this purpose. The pulleys 
should not be of the high-velocity narrow-belt type, which is 
necessary when the belt has to be moved rapidly from one 
pulley to another. They should be reduced in diameter and 
increased in width so as to transmit the power required with 
as low a peripheral speed as possible. There is no difficulty, 
when the motor is running on the return stroke and the table 
moving at, say, 60 feet per minute, in bringing it to rest in as 
short a space as is necessary by increasing the field to its 
maximum strength while slowing down, thus obtaining a 
very powerful torque without an excessive current through 
the armature. 

With regard to the use of induction motors, it will be more 
difficult to apply them to work of this kind, but with a little 
experimenting the three-phase motor may be found suitable. 
The direction of rotation of the field will have to be reversed 
while the motor is going at full speed, and resistances in- 
serted in the rotor circuit in order to obtain sufficient torque, 
which must be gradually cut out as it slows down and gets up 
speed again, by an arrangement controlled by the current in 
the rotor circuit, in a manner similar to the direct-current 
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motor. The quick return can be economically obtained by 
reducing the number of poles by means of a switch. The 
different cutting speeds requiring small variations in the 
speed of the motor may be obtained by resistances in the 
stator or rotor circuits, at the expense, however, of its effici- 
ency. 


APPARATUS FOR INSPECTING THE INTERIOR OF 
BOILER TUBES. 


Le Genie Civil. 


The specifications for boiler tubes usually require that the 
inside and outside surfaces shall be smooth and free from 
pitting and other defects and yet there is no attempt at inside 
inspection. 

An instrument designed by M. J. Vinsonneau and made 
by Secretan, of Paris, makes such an inspection both possible 
and rapid. It consists, as shown in Figs. 1 and 2, of a tube A 
formed of several sections screwed together or telescoping 
into each other and painted white on the inside. An incandes- 
cent lamp B, with its reflecting mirror embracing it, illum- 
ines a section m m, of the interior of the tube. The image of 
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Fig. 2. 


this superficial section mm, as reflected in the mirror D is 
sent back along the tube to the mirror D’. The tube A is fast- 
ened at a’ to a chamber F, which is fitted with an adjustable 
magnifying glass G. The mirror D is adjustable by means 
of the screw EL. 

The glass G and the mirror D may be done away with, but 
this arrangement is not the best adapted for an acceptance 
examination, though it is used for doing the work when tubes 
are in position in the boiler. During inspection the tube is 
firmly clamped in position and is run over the examining 
tube by means of gearing, either operated or controlled by 
the inspector, and the fastening arrangements are such that 
a tube can be rapidly and easily removed and replaced. 
Gailoeke 


USE OF SUPERHEATED STEAM IN STATIONARY PLANTS. 


Zeischrift des Vereines Deutscher Ingenieure. 


M. Hunger presents a paper relative to the modifications 
that must be made in boilers and engines when superheated 
steam is to be used. 

The author calls attention to the fact that he was one of the 
promoters of the use of superheated steam in Germany, and 
recalls the numerous trials, the first of which were unsuccess- 
ful, that were made at the Gritzner Works at Durlack. The 
lack of success at the beginning was due to the necessity of 
changing the boilers and machines used. In the boilers it was 
necessary to increase the dimensions of the shell-and do away 
with the vertical headers which were fragile and of low ther- 
mal efficiency. Superheaters should be made of tubular ele- 
ments which can be put out of service when necessary. The 
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steam engines should be fitted with cylinders especially con- 
structed for the use of superheated steam, and the various 
details such as stuffing boxes and the like should have a differ- 
ent design from those ordinarily used. Mr. Hunger shows how 
these necessary modifications have been made and executed 
along lines that have seemed most favorable. He describes. 
a number of boilers and engines of recent construction and 
shows how the steam consumption in each has been improved 
by the use of superheated steam. Gey 


LARGE ARMORED CONCRETE CHIMNEY. 
Engineering News, April 2, 1908, p. 308. 

A Ransome armored concrete chimney 180 feet in height, 
15 feet in diameter at the top, and having a flue 11 feet in 
diameter, has recently been built at Los Angeles, California, 
for the new power house of the Pacific Electric Railway Co., 
which has a network of suburban electric roads centering in 
that city. : 

The chimney was built under the Ransome system, with 
a thorough reinforcement of square, cold-twisted steel bars, 
both vertically and horizontally in each shell. The hori- 
zontal reinforcement consists of rings of 14-inch steel twisted 
bars, placed at intervals averaging 18 inches in the inner shell 
and 24 inches in the outer. Vertical bars of %-inch square 
steel, twisted, were placed 1 foot apart in the lower third of 
the stack above the flues, 2 feet apart in the middle section, 
and 4 feet apart in the top section of the outer shell. In the 
inner shell 14-inch bars were used, spaced about 3 feet apart in 
the circumference of the work. 

The original design of the chimney contemplated a straight 
shaft, 15 feet in diameter, throughout, from the base up. Sub- 
sequent alterations in the plans of the boiler house, changing 
the relative positions of boilers and chimney necessitated the 
provision of the two flue openings on opposite sides instead 
of one. The extra opening thus provided would have material- 
ly reduced the sectional area of the chimney at this point, 
and it was deemed necessary to increase the size to 18 feet for 
a height of 45 feet above the base. Above that point the chim- 
ney was built circular in form 15 feet in diameter. This 
change in diameter and form made it necessary to build a 
special mold for the lower section, which was rendered more 
difficult by the square projections of the flue openings, ex- 
tending from the foundation up. 

The mold was clamped together, or loosened when it was 
to be raised, by turnbuckles. During the time that this base 
section was being built the mold for the exterior of the circu- 
lar part had to be pushed up ahead of the work, and sup- 
ported on the scaffold by which the interior mold was raised, 
and from which all of the work was done. This obviated the 
necessity of building the 15-foot mold around the scaffolding 
45 feet up in the air. This interior scaffold was kept ahead 
of the work all the time, and the exterior molds, when loos- 
ened, were raised 10 feet at a time by the suspending screw- 
rods, and hand wheels, from which they were hung to the 
head scaffold. The inner mold and cores were raised 5 feet at 
each setting, and concrete to the height of 5 feet was placed 
each day. 

The entire construction was carried on from the interior, 
and all material was hoisted up the shaft by an electric hoist. 
All the scaffolding was built inside, and consisted of four 4 
inch by 6 inch timbers for uprights, with 2 inch by 10 inch 
horizontal braces bolted thereto every 5 feet and 1 x 6-inch 
cross braces. The head, or top, scaffold was formed of 6x14-inch 
timbers to which the hoisting rods were attached. To ob- 
viate the labor of dismantling this’ head scaffold with each 
setting of the molds, a telescope scaffold was built inside the 
main upright scaffold which enabled the workmen to disconnect 
the head scaffold, raise the entire head intact and put in 
extensions to the uprights, all of which could be done in 2% 
hours. 

The chimney contains approximately 20,000 cubic feet of 
concrete, and 850 barrels of cement were used in its construc- 
tion. The steel embedded in the concrete consists of 10,000 
pounds of twisted bars, and 4,000 pounds of old rails, which 
were placed 12 inches apart, in two layers in the base. The 
weight of the chimney is approximately 1,430 tons, and the 
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distributed load on its base less than two tons per square foot. 
Other concrete steel chimneys have been built under the Ran- 
some system, among which is one at Constable Hook, N. J., for 
the Pacific Borax Co. 150 feet high; one at Jersey City, N. J., 
for the Central Lard Co., 108 feet high; and one for the Singer 
Sewing Machine Co. at Elizabethport, N. J., 125 feet high. 


THE CURTIS STEAM TURBINE. 


Abstract from Paper read before the American Philosophical 
Society at Philadelphia, April 2, 1903, by W. L. R. Emmett. 


The paper states that the first patent application of C. G. 


Curtis for an elastic fluid turbine was made in 1895. (The 
first patent issued to Curtis, we believe, is No. 566,967, date 
September 1, 1896.) The rapid development of the inven- 


tions of Curtis and the placing of them on a commercial basis 
is evidenced by the fact that the General Electric Company, 
Schenectady, N. Y., now have contracts for building over 
230,000 horse power of steam turbine electric generators. The 
largest so far built is 7,590 horse power for a power plant in 
Chicago. 

The author says the idea of the steam turbine is quite 
simple and is similar to that of the water turbine or impulse 
wheel. The practical difficulty which has heretofore pre- 
vented the development of good steam turbines lies in the 
very high velocity which steam can impart to itself in ex- 
pansion, and the difficulty in efficiently transferring this mo- 
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nearly all the expansive force, between the pressure limits 
used, into velocity in the steam itself. After leaving the 
nozzle the steam passes successively through two or more 
lines of vanes op the moving element, which are placed alter- 
nately with reversed vanes on the stationary element. In 
passing successively through these moving and stationary ele- 
ments the velocity acquired in the nozzle is fractionally ab- 
stracted, and largely given up to the moving element. Thus 
the steam is first thrown against the first set of vanes of the 
moving element, and then rebounds alternately from moving 
to stationary vanes until it is brought nearly to rest. By 
this means a high steam velocity is made to efficiently impart 
motion to a comparatively slowly-moving element. The nozzle 
is generally made up of many sections adjacent to each other, 
so that the steam passes to the wheels in a broad belt when 
all nozzle sections are in flow. The governing is effected by 
successive closing of nozzles and consequent narrowing of the 
active steam belt. Fig. 1 shows part of the nozzle open and 
part closed, the arrows showing space filled by live steam. 
Among the,drawings accompanying the paper were eleva- 
tions and plan of the 500-kilowatt Curtis turbines installed 
in the Newport, R. I., station of the Massachusetts Electric 
Companies. (See Macuinery for March, 1903, p. 375.) Curves 
were also introduced showing the record of tests made on a 
turbine driving a 600-kilowatt generator at a speed of 1,500 
revolutions per minute. The consumption at a pressure of 
140 pounds, 28.5 inches vacuum and no superheat was about 
19.2 pounds at 600 kilowatts and 19 pounds at 750 kilowatts. 
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Fig. 1. Arrangement of Nozzles and Blades of Curtis Turbine. 


tion to wheels at speeds practicable for construction or prac- 
tical use. Steam expanding from 150 pounds gage pressure 
per square inch into the atmosphere, is capable of imparting 
to itself a speed of 2,956 feet per second, and if it is expanded 
from 150 pounds gage pressure into a 28-inch vacuum it can 
attain a velocity of 4,010 feet per second. The spouting velo- 
city of water discharged from a nozzle with 100-foot head is 
80 feet per second. These figures illustrate the very radical 
difference of condition between water turbines and steam tur: 
bines. In both water and steam turbines the theoretical con- 
dition of maximum economy exists when the jet of fluid moves 
with a velocity equal to about twice that of the vane against 
which it acts. In water-wheels this relation is easily estab- 
lished under all conditions, while with steam the total power 
produces a velocity so high that the materials available for 
simple wheels and vanes are not capable of sustaining a proper 
speed relation to it under practicable conditions. 

The author then briefly describes the principle of operation 
of the three leading types of steam turbines, viz., De Laval, 
Parsons and Curtis (see Macninery for November, 1902). 
In reference to the Curtis machine he says that it retains 
some of the features of its predecessors, but introduces feat- 
ures that make possible lower speed, less weight, higher 
economy, less cost, etc. Velocity is imparted to the steam 
in an expanding nozzle so designed as to efficiently convert 
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Fig. 2. Comparison of 5000 K.W. Vertical Engine and Curtis Turbine of same Power. 


A calculated curve was shown for the same turbine running 
at the same speed and vacuum, but with a steam pressure of 
200 pounds and a superheat of 150 degrees. The steam con- 
sumption when developing 700 kilowatts as calculated, is 
only 16 pounds per kilowatt or slightly less than 12 pounds 
per horse power. 

Fig. 2 shows the Curtis 5,000-kilowatt turbine and generator 
which is being built for a plant in Chicago, and a 5,000-kilo- 
watt Allis-Chalmers Corliss engine in Manhattan Elevated 
Railway power station in New York, drawn to the same scale. 
The respective weights exclusive of the foundations are as 
1 to 8 and the saving in foundations alone is an important 
item. The simplicity of the turbine is in marked contrast to 
the complication of these excellent engines, which now ap- 
parently belong to a past era. It has been estimated that if 
engine units like those of the Manhattan station were re- 
placed by Curtis turbines, the cost of such replacement will 
be paid for by the saving effected in three years. 


THE TOMSON BOILER. 
Der Praktische Maschinen Konstrukteur, Jany. 1, 1903, j6)se A 
The boiler, as shown in the cut on the next page consists 
of two corrugated flue boilers, set upon either side, and com- 
bined with a water tube boiler, upon which a steam drum is 
placed. 
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In the construction of the flue portion of the boiler, the heads 
are bumped and flue is set in it in the usual manner. Upon 
the top of each of the flue boilers there is placed a steam dome 
271% inches in diameter and 2614 inches high, the diameter of 
the shell itself, in the boiler shown, being 71 inches. The 
feed pipe enters through the back sheet of each flue boiler 
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Fig. 1. 
while the blow-off cock is set in the bottom of the middle sheet. 
The two central sheets of the flue boiler are also connected 
near the bottom by a curved pipe, as shown by the dotted lines 
of the front elevation. A steam gage is set upon the dome 
from the top of which there is also a pipe, A,, leading into the 
steam space of the drum on the water tube boiler. In this 
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firebrick bridge wall. In the front elevation of the boiler, as 
shown in the engraving, automatic stokers are in position. 

The flue section of the boiler is located in front of the water- 
tube portion. The latter is double chambered and is of the 
ordinary construction with welded headers into which the 
tubes are expanded. These headers are also connected with 
the steam drum outside the brickwork. This steam drum, in 
the special boiler under consideration, is formed of five courses, 
and has a total length of 20 feet 9 inches including the curva- 
ture of the heads. 

The circulation of the water in the water-tube section of the 
boiler starts from the feed valve #, whence by means of the 
pipe H,, the proper portion of the feed water is led off into the 
upper drum, where it parts with most of its scale. This is 
carried back and deposited in the mud-drum C, whence it is 
regularly washed out through the pipe C,. The water, thus 
purified, settles down through the water leg D into the back 
header, from which it enters the tubes. Here the usual evapor- 
ation takes place under the influences of the hot gases, and the 
circulation causes a mixture of steam and water to be dis- 
charged into the front header. From this it rises up to and 
into the horizontal pipe B, that has already been described, 
where a separation of the steam and water finally takes place. 
The steam, thus generated and discharged into the steam 
drum, at last enters the dry pipe F’, and passes off through the 
valve F, to the engine. Finally the scale collecting in the bot- 
tom of the back header is blown out at regular intervals 
through the pipe C,. 

Since the flue portions operate as perfectly independent 
boilers with their own steam domes, they are provided with 
their own glass water columns, water gages and safety valves. 
The combustion of fuel in these boilers is carried on in this 
way: The hot gases rising from the burning of the fuel on 
the grates in the corrugated flue, impart a portion of their 
heat to the water surrounding it and convert the latter into 
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Fig. 2. Longitudinal Section of Boiler. 


pipe there is a cut-off cock, A. The steam generated in the 
flue boiler passes out through the pipe A, into a steam pipe B,, 
placed inside the steam drum B, where it parts with the 
greater portion of its entrained water so that it escapes into the 
steam space practically in the condition of dry saturated steam. 

The grates are the same in both boilers and consist of plain 
flat bars with a total length of about 6 feet 8 inches, with their 
front ends resting upon the fire plates and the latter upon a 


steam. The greater portion of this heat is, however, taken up 
by the water tubes as the hot gases pass over them in a zig-zag 
course. After leaving the tubes, the gases pass down into a 
flue G in which there is a regulating damper. 

In conclusion, attention may be called to the fact that pass- 
ages are very conveniently arranged in and about the boiler, 
so that all parts are rendered easy of access for inspection and 
repairs. G. L. F. 
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UNIVERSAL HOLE GRINDING AND LAPPING MACHINE. 
Engineering (London), January 16, 1903, p. 63. 

In No. XIII. of the series “Grinding Machines and Processes,” 
Joseph Horner describes a universal hole grinding and lap- 
ping machine manufactured by Beyer, Peacock & Co., Man- 
chester, Eng., which Mr. Horner says is quite extensively used 
in British locomotive shops for grinding links and other loco- 
motive parts. This machine employs the sun-and-planet mo- 
tion by which the grinding spindle is made to describe a circle 
as it grinds the interior of a hole, or the exterior of a circular 
piece. Provision is made for varying the diameter of the 
circle thus described to accommodate varying diameters. The 
principle was patented by the firm in 1887. 

Provision is made for adjusting the height of the tightener 
pulleys used for belt or cord by carrying their bearings on a 
pin M, which can be raised or lowered, and clamped in its 
socket. The reason for this is that the machine shown in this 
figure has two pulleys, G and G’, for slower and quicker driv- 
ing, and the adjustment of M is made to suit the lower or upper 
positions of the belt. 
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The correct position is found by inserting the emery-wheel 
in the hole and revolving the main spindle B, at the same 
time throwing the internal spindle D sufficiently out of center 
to bring its emery wheel in contact with the sides of the hole 
allround. This feed must be effected cautiously, or the spindle 
may become bent. The vertical reciprocating motion of the 
emery wheel is either self-acting through the slotted plate L, 
or, by unclamping the connecting-rod, the lever K may be 
operated by hand. This motion should be so adjusted that 
the lower edge of the emery wheel will travel in the down- 
stroke about 84 inch below the bottom of the hole which is 
being ground, and the top edge about the same distance above 
the top of the hole on the up-stroke. 

For grinding expansion links and blocks the emery-wheel 
spindle is set concentrically with the main spindle, and is 
locked in that position by means of a setscrew 0, the mandrel 
used for lapping holes being replaced by one having an ad- 
justable lower bearing. The main table R remaining station- 
ary, the supplementary table is reciprocated by means of the 
elliptical wheels and levers X, a clutch on the back shaft W 
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Grinding and Lapping Machine. 


The countershaft N is carried on brackets at the rear of the 
machine, below. It is speeded at not less than 340 revolutions 
per minute. The speeding-up to the spindle takes place through 
an intermediate shaft, O, carried at the rear of the headstock. 
From O the worm # is belted, and also the feed cones Be 
whence the elliptical feed wheels are driven. The head 
has a transverse motion on the upright, sliding on V edges, 
and adjusted by the hand-wheels QQ. The main table R is slid 
longitudinally by rack and pinion, actuated by the handle S, or, 
slowly through the worm and wheel T, put into gear by means 
of the clutch U. By means of these two movements exact ad- 
justments are made between the grinding spindle and the 
work on the table. 

From the countershaft N a shaft V is driven with open and 
crossed belts, whence a drive goes to a back shaft, W. From 
this a pair of bevel wheels drives a pair of elliptical gears, 
seen partly at X. These, being driven and reversed by the 
action of the open and crossed belts, impart a reciprocating 
movement to a supplementary table by the lever Y, adjusted in 
a slot disk on one of the elliptical wheels. 

In operating one of these machines, the required degree of 
eccentricity is imparted to the emery-wheel by the hand-wheel, 
F.* The eccentric orbit in which the emery-wheel revolves 
is then adjusted centrally with the hole that is to be ground 
by means of the transverse adjustment on the headstock, by 
the hand-wheels QQ, and the longitudinal adjustment of the 
main table R by the handle S, or by the fine adjustment 
through the worm and wheel T, put into action by the clutch (Oe 


* For the principle of this adjustment’see/February MACHINERY, P. 313. 


of the machine being put into gear for driving this gear. In 
grinding straight links and blocks, the supplementary table is 
guided between V strips which fit into the grooves of the main 
table. But in grinding radial links and blocks, these strips are 
removed, and the table is bolted to the radius arm, which 
must be set to the exact radius required. 


THE BANKI MOTOR. 
Sibley Journal of Engineering, April 1, 1903, p. 265. 

MACHINERY has previously referred to the Banki internal 
combustion motor as invented and developed by Prof. Banki, 
of Austria. It is well known that in such a motor high initial 
compression is conducive to high economy, this being the 
feature that has led to such good results from the Diesel 
motor. With many mixtures ,however, such as the vapor 
of benzine and air, natural gas and air, etc., high compres- 
sion is not possible without resorting to some special expedi- 
ent, since the heat of compression would be so great as to 
cause premature explosion in the engine cylinder. Prof. 
Banki’s plan is to obtain the highest practicable compression 
pressure and at the same time have the fuel mixed with the 
air required for combustion. With this object in view a fine 
spray of water is introduced at the same time that the liquid 
fuel is being sprayed into the cylinder. Both the oil and 
the water are finely atomized and enter in the form of a 
spray or mist. During admission and compression the heat 
transmitted from the cylinder walls and that due to the com- 
pression is absorbed in converting the liquid fuel and the 
water into vapor. The heat required for vaporization is suffi- 
cient to keep the mixture at a low enough temperature to pre- 
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vent premature ignition, and the fuel and water are so pro- 
portioned to the load on the engine that ignition will not oc- 
cur until the end of the stroke. Even then the temperature 
of the charge is not sufficient to cause ignition and this is 
consequently provided for by a hot tube in accordance with 
the prevailing Eurepean practice. The engine operates on the 
common Otto cycle, and governs by cutting out explosions and 
holding the exhaust valve open on idle strokes. The fuel used 
is gas, benzine, light gasoline or alcohol. 

The principal results of a series of tests on a 20 horse 
power motor under varying loads are given in the accomp- 
anying table. It was not possible to obtain the indicated 
horse power with any degree of accuracy from the indicator 
card and so this was computed as closely as possible from 
the brake horse power tests. 


I 101 iil FENG 

BPs Meee tee eh ea 209.13 209.67 | 209.83 210.5 
Explosions per minute eS 91.44 74.68 | 60.12, 42.65 
Mean temperature of exhaust, F°. | 388.9 384. 366.4 | 340. 
Compress |e pressure, pounds: 

DOL -Sd eR eae perce ee | 2385. | 2385. 235. | 235 
Max. pressure of explosion, lbs. | | 

POr-SO< 1 teas oe ea ee re | 641 | 626.5 | 598. | 556. 
Brake lead HP (Erench) 26.388 | 20.7 15.05) 8.21 
Benzine per B. H. P. hour, lbs.. .489 O19 57 12 
Injected water per B. H. P. hour, | 

Sis Sak ccs Sone erties | 2.36 bby 1.63; 1.68 
Ratio of injected water to ben- | 

zine by weight....... 4.84 3.30 2.82 2.33 


Calorific value (lower). of the | 
18,300 18 800 | 18,800 | 18,300 


benzine, B. T. U. per Ib. . 
Heat used per B. H. P. hour, 
Bote 


art REE ray | 8,950 9,500 | 10,550 18,190 

Lost in jacket, per cent. 21.35 | 26.2 | 23. 27. 
Equivalent of useful work, B.T.U.) 2,505) 2,505 | 2505| 2,505 
Efficiency based on B. H. P., per. | 

CONG! Fess Ree eee 28 | 26.4 23.8 19 
Efficiency based on computed | | | 

TH. P2sper-cent-s.6 cee 35 «384.6 32.9 
Loss in radiation, exhaust and, 

friction work, per cent........ | 50.65 47.4 58.2 | 54 


There are few, if any, reliable records of gas engine tests 
which have given efficiencies based on brake horse power as 
high as those obtained with the Banki motor. Compared with 
the ordinary type of gasoline or kerosene engines of the same 
size the efficiency is about double. It is interesting to note 
the relation of efficiencies of ordinary gas engines when work- 
ing at compression pressures of 70 and 235 pounds above at- 
mosphere, the former being a value commonly used and the 
latter that of the Banki engine. The efficiency computed 
theoretically is about 39.8 per cent. for the former and 56 
per cent. for the latter—a relative increase of about 40 per 
cent. for the higher compression. If, now, instead of taking 
the theoretical values we use actual efficiencies as determined 
by test, we have 20 per cent. for the former engine and 28 
per cent. for the latter—the same relative increase viz., 40 per 
cent. This indicates that the introduction of the water does 
not modify the efficiency, or in other words that the latter is 
independent of the nature of the working fluid. 


BABCOCK & WILCOX BOILERS IN THE MARIETTA. 


Journal of the American Society of Naval Engineering, Febru- 
ALY: 90850 Ds Oo: 


The Marietta was put in commission in the United States 
Navy in September, 1897, and has been in active service ever 
since. During this period she made the voyage from the 
Pacific Coast to Santiago, Cuba, to join the naval force of 
Admiral Sampson. It was only because the country was more 
concerned in the fate of the Oregon that the brilliant service 
of the gunboat was overshadowed by the work of the battle- 
ship and thus the feat of the Marietta in reaching the block- 
ading line in practically perfect fighting trim never received 
the recognition that should have been accorded the smaller of 
the two vessels that came from the Pacific to battle with 
Cervera’s fleet. 

The Marietta was fitted with two Babcock and Wilcox Ma- 
rine type water tube boilers six years ago, which have been 
in continuous service ever since. During the past five years 
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the Marietta has steamed over 80,000 knots, and the boilers 
have acted so well that it has been very seldom that assist- 
ance outside of the ship’s force has been required to make 
repairs. At the present time the boilers are in good condition 
and everything about them is working well. 

The article from which this abstract is made gives a general 
account of the repairs on the boilers, of their operation, effi- 
ciency, etc. About 2% pounds of coal per horse power were 
required for general purposes, including steam used for main 
engines and ali auxiliaries. The grate area is 94 square feet, 
heating surface 3,664 square feet, and the pounds of coal 
burned per square foot of grate area, 21.75. The following 
summary of the advantages and defects of the boilers, as 
found through their use on the Marietta, is given: 

(a) Simplicity—In regarding simplicity as a primary sali- 
ent feature of the boiler, it should be understood that there 
should be, first of all, simplicity of design. Any steam genera- 
tor which possesses attachments whose operation is not thor- 
oughly understood nor completely under the control of a water 
tender who has not absolute confidence in their working, is 
certain to give trouble and: prove inefficient for sustained sea 
work. Then there should be simplicity of construction. Finally 
there must be simplicity of operation, for that boiler will soon 
burn out which practically requires the undivided attention 
of one skilled man simply to look out that a safe water level 
is preserved. 

(b) Dryness of steam.—Dry steam has been furnished the 
engines under all manner of trying conditions. Both muddy 
and salt water have been used for considerable intervals, and 
a high gage of water has been carried in emergencies, espe- 
cially when getting under way, without producing serious 
results or causing priming. 
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Babcock & Wilcox Boilers used in the Marietta. 


(c) Reliable feed maintained.—A steady and reliable feed 
can always be maintained. It does not require a specially 
trained or highly paid water tender to look out for things in 
the fire room. 

(d) Simple tubes used.—The tubes are of simple, straight 
lengths, care being taken to use the highest quality of mate- 
rial in their manufacture. Any attachmert to a boiler tibe 
invites trouble if it does not make it dangerous. As the tubes 
are straight they are very accessible for examination. Each 
tube can be moved independently of the others, and renewal 
can be made with ease by the ordinary ship’s mechanics using 
simple tools. ; 

(e) Rapidity of raising steam.—Steam can be raised quickly 
and fires suddenly hauled without subjecting the boiler to 
undue strain. The fires can also be rapidly forced without any 
ill effect to the working parts. 
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(f) Superior materials used.—All the material used in 
construction is of superior quality. As an example, one of the 
feed water heater tubes was reduced by being burned to a 
thickness of 34 B.W.G. in one place, and yet this tube resisted 
a pressure of 200 pounds per square inch from the interior. 

(g) Its economic efficiency.—The efficiency of the boiler will 
compare with that of any other marine water-tube steam gen- 
erator. Under forced-draft conditions, also, its economic effi- 
ciency will compare favorably with any straight-tube boiler. 

(h) Efficient circulation.—The circulation of the water is 
natural and direct, and is not affected by the roll or pitch 
of the vessel. The endurance of the boilers of the Marietta 
ought to afford direct evidence as to the circulation of the 
water within the tubes. As the tubes are of large size, there 
is a continuous and reliable flow of water through them. 
The arrangement of the elements is such that the expansion 
of any one tube is uniform. As provision has been made for 
the proper expansion of the several elements, a leaky tube or 
joint is of very rare occurrence. 

(i) Accessibility for repair and examination.—Practically 
all the vital parts are accessible for repair and examination. 
The cost of upkeep is comparatively small. With the excep- 
tion of the headers, all the parts are procurable from many 
engineering supply establishments. 


Summary of Defects. 

(a) Bajfling should be improved.—The liability of the baf- 
fling to burn out, and the disadvantage if not the danger re- 
sulting from the excessive accumulation of soot upon these 
baffle plates, has necessitated much annoying work, besides 
a great loss in efficiency. The removal of the lower baffle 
plates cannot be done without cutting out some of the tubes. 

(b) The feed-water heater an incumbrance.—By reason of 
the manner in which the feed-water heater is installed the 
rapid corrosion of tubes cannot be prevented, and some are 
also liable to burn out. This heater is also very inaccessible 
for repairs and examination. It is not an integral part of the 
boiler, but simply an auxiliary that was placed in the uptake 
in order to increase the efficiency of the boiler. 

(c) Arrangement of grate bars.—The inclination of the 
grate bars practically renders the back end of the furnace use- 
less for burning coal, because ashes will accumulate there on 
account of the difficulty of the firemen cleaning that portion 
of the grate so far removed from the furnace door. The de- 
tails of furnace design are neither conducive to efficiency nor 
to good firing. The inclination of the grate makes stoking 
difficult and laborious. The combustion chamber is too small. 
The location of the baffle plates draws the product of combus- 
tion to the front of the furnace, thus making it almost impos- 
sible to clean the back portions of the grate bars. 

(d) Design of casing.—Various portions of the casing are 
too light for the purpose intended. Some parts are almost in- 
accessible for examination, cleaning and repair. The out- 
board casing of each boiler comes within a few inches of the 
bunker bulkhead, and thus the condition of these side casings 
is difficult to note. By reason of the ashpit doors and the 
front casing not being tight, but little forced draft pressure 
can be carried, and when it is used the casing and uptake 
soon become red-hot. By reason of the leakage of this 
front casing the cleaning of soot from the tubes cannot be 
efficiently done. 

(€) Location of steam drum.—The steam drum is attached 
to the back of the boiler and this arrangement makes it ex- 
tremely difficult for the water tenders and firemen to reach 
the valves that should be within eaSy access of repair and 
operation. Whenever men have to operate appliances at great 
discomfort and inconvenience, it is certain that such attach- 
ments will not receive the attention they should and it is even 
inviting danger to install appliances in such a manner. 

(f) Arrangement of caps.—As the caps over the 4-inch 
tubes are so arranged that the pressure in the boiler tends to 
impair the joint, small leaks frequently occur from careless 
fitting of the plugs. It therefore requires skilled and intelli- 
gent men to fit the plugs. 

In considering the defects of the Marietta’s installation, it 
should be remembered that the boilers of that vessel were de- 
signed over seven years ago. Since that time progressive im- 
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provement has been effected in the details of construction of 
the marine boiler of the Babcock & Wilcox design. 

As the installation of this type of boiler in the battleships 
and armored cruisers now under course of construction will 
permit more height to be secured than was possible on the 
Marietta, a higher efficiency and increased endurance will be 
secured from the later design. 


THE USE OF REHEATERS IN COMPOUND ENGINES. 


Paper read before the April meeting of the N. E. Cotton Manu- 
facturers’ Association by George H. Barrus. 


The object of a reheater in connection with a compound 
engine is to reduce the loss occasioned by cylinder condensa- 
tion. If we compute from an indicator diagram the amount of 
steam present in the cylinder during certain portions of the 
stroke, and compare the results with the actual amount of 
steam admitted to the cylinder from the boiler as determined 
by a feed water test, a considerable discrepancy will be found. 
The steam computed from the diagram will always be the less 
of the two. This shortage in weight is caused primarily by 
cylinder condensation due to the cooling action which at all 
times accompanies the operation of a steam engine. The con- 
densation varies in different engines and under different condi- 
tions, is seldom less than 20 per cent. and is often as much as 
50 per cent. In compound engines the loss occurs in both 
high- and low-pressure cylinders, but it is generally greater 
in the low-pressure than the high-pressure cylinder. The ex- 
tent of the loss and its distribution can best be exhibited by 
summarizing the results of a number of tests made by the 
writer on fairly tight Corliss compound engines. The losses 
were computed from points on the diagrams a little later than 
cut-off and are expressed in percentages of the actual con- 
sumption of feed water. The percentages for the high-pres- 
sure cylinder range from 21.1 per cent. to 28.3 per cent. and 
those for the low-pressure cylinder from 23.7 per cent. to 40 
per cent.; the averages, in the instances cited, being respect- 
ively 23.8 per cent. and 31.4 per cent. 

The reheater is placed in the path of the exhaust pipe of 
the high-pressure cylinder and as its name indicates it reheats 
the steam passing through that pipe before it enters the low- 
pressure cylinder and thereby reduces the condensation in 
that cylinder. In construction, it consists merely of a shell 
through which the exhaust steam flows, and is provided with 
live steam pipes or coils supplied from the boilers, and upon 
these it depends for its source of heat. 

In view of the fact that the loss from condensation is 
noticeably greater in the low-pressure cylinder than in the 
high-pressure cylinder, there seems to be good ground for 
employing special means, such as the reheater furnishes for 
improving the action in this part of the engine. 

The principle of the reheater is the re-evaporation of the 
water and moisture contained in the exhaust steam dis- 
charged from the high-pressure cylinder, and further, in 
cases where the extent of reheating surface is sufficient, the 
superheating of the whole quantity exhausted. The effect of 
this is to increase the quantity, volume, and dryness of the 
steam supplied to the low-pressure cylinder, and the result 
is two-fold; first, an increase in the relative amount of power 
developed by this cylinder on account of the new supply of 
steam produced; and second, the use of the steam with in- 
creased efficiency, owing to the saving of cylinder condensa- 
tion. 

Mr. Barrus then goes on to quote from three engine tests, 
made respectively on a Greene engine, with cylinders 26 and 
50 by 60 inches; a Corliss engine with cylinders 18 and 40 
by 48 inches; and a Corliss engine with steam-jacketed cylin- 
ders having diameters 16 and 40 by 48 inches. 

In the first case the tests show a substantial agreement 
between the total quantity of feed water consumed per indi- 
cated horse power per hour, whether the heater was on or off. 
In other words, so far as the question of economy was con- 
cerned, no advantage was produced by the reheater. This 
result occurred notwithstanding the fact that the reheater 
caused a marked improvement in the action of the steam in 
the cylinders. It appears that the reheater did actually re- 
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duce the condensation in the low-pressure cylinder, thus se- 
curing at this point the expected gain. When it was in use 
the condensation here was 4.4 per cent. greater than in the 
high-pressure cylinder. When the reheater was not in use 
the difference was 10.6 per cent. Although there was a Sav- 
ing within the cylinder, nevertheless the loss in steam due 
to that condensed in the reheating pipes to accomplish this 
result was so great that the net economy was reduced to zero. 

The effect of the reheater upon the power developed by the 
low-pressure cylinder is most noticeable. With practically 
the same power in the high-pressure cylinder in the two 
cases, that developed in the low-pressure cylinder was 385.5 
horse power less when the reheater was off than when it was 
in use. 

The results of the second test differed in some particulars 
from those of the first test, but apart from such variations 
the important fact was brought out that the total steam con- 
sumption was almost exactly the same whether the reheater 
pipes were in use or out of use, thus bearing out the results of 
the first test. In the third test again practically the same 
feed water consumption was found both with and without 
the heater. Here also were substantially the same reductions 
of cylinder condensation in the low-pressure cylinder and in: 
crease of power in the low-pressure cylinder, but the effects 
were even more marked. With the reheater in use the con- 
densation in the low-pressure cylinder was 1.2 per cent. less 
than in the high-pressure, while with the reheater out of 
use the difference increased to 18.3 per cent. This improve- 
ment is a large one, but the advantage was lost when it came 
to counting in the steam required to supply the coils in the 
reheater. The steam in the low-pressure cylinder was super- 
heated 38 degrees with the reheater in use, but even this help 
failed to effect a net gain from the use of the reheater. The 
effect upon the power was quite as marked as upon the con- 
densation. With the reheater off the low-pressure cylinder 
developed 40 horse power less than the high-pressure cylinder 
and with it on 18.7 more power than the high-pressure. 

The three tests referred to, all show the same action with 
regard to cylinder condensation. There is a great reduction 
in the condensation within the low-pressure cylinder, but, 
owing to the loss of steam in the reheater itself the resulting 
advantage is practically nothing. That the reheater produces 
no saving, however, is true only when the steam condensed 
by the reheating pipes is allowed to go to waste and the 
heat which it contains is lost. In the first engine there was 
4 per cent. of the steam thus condensed; in the second, 8.7 
per cent.; and in the third, 10.8 per cent. The temperature 
of the resulting water, with the high-pressures used, is 340 
to 350 degrees Fahrenheit. If we assume now that the tem- 
perature of the feed water supplied to the boiler is 125 de- 
grees, each pound of condensed steam thus lost carries away 
with it over 200 heat units, or, in round numbers, 20 per 
cent. of the total heat of evaporation. Taking the third en- 
gine, this loss represents 20 per cent. of 10.38 per cent., or 
about 2 per cent. expressed in fuel consumption. Conse- 
quently, if the condensed steam from the reheater of this 
engine were returned to the boiler, there would be a saving 
of fuel, due to its use, amounting to about 2 per cent. It 
may be safely concluded, therefore, that, although a reheater 
produces no saving in steam consumption, it will, if properly 
applied, secure a slight economy at the coal pile. 

Apart from the consideration of fuel economy, there is the 
important question of the effect of the reheater upon the en- 
gine capacity. The tests show, without exception, that with 
the same power in the high-pressure cylinder, the reheater 
produces a considerable increase in the power of the low- 
pressure cylinder, and to that extent it increases the capacity 
of the entire engine. In the case of the first engine the in- 
crease was 4.6 per cent. of the total power. In the second 
engine the increase was 6.3 per cent., while in the third it 
was 11.8 per cent. This means that an engine without re- 
heater must have larger cylinders, to do the same work, than 
an engine with reheater; or, if the cylinders are of the same 
size, there is more reserve power in the engine which is 
provided with a reheater. This feature of the subject makes 
the reheater advantageous even if it produces no other gain. 
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SURFACE CONDENSER USING MOIST AIR AS THE 
CONDENSING MEDIUM. 
Engineering News, April 2, 1903. p. 305. 

Arthur Pennell, Kansas City, Mo., is the inventor of a sur- 
face condenser using moist air for the cooling medium without 
the use of a fan blower to force the air through the condenser 
tubes. A cylindrical shell similar to a horizontal tubular 
boiler, 78 inches in diameter, is stood vertically over a cistern. 
The shell is carried above the upper tube sheet to increase 
the draft. The tubes are of steel, 4 inches in diameter, and 
are closely spaced. A centrifugal pump circulates about one- 
half gallon of water per minute from the cistern below the 
condenser up over the upper tube plate, where it is so diverted 
as to flow down equally through each tube and form a film 
of water on the interior surfaces. The exhaust steam enters at. 
the side of the shell and is caused by baffle plates to circulate 
among the tubes, condensing as it goes and falling to the 
bottom of the shell where it is drawn off by a vacuum pump 
to the hot-well. 

The condensing action is as follows: The exhaust steam in 
the shell heats the tubes and the water film on their internal 
surface; the latter evaporates, at the expense of the latent 
heat of the steam, into the air in the tubes, saturating the air 
at its own temperature. Hot saturated air is much lighter 
than the normal atmosphere, so an upward current ensues, the 
hot vapor-laden air rushing up the flue and carrying off the 
heat into the atmosphere, while fresh air enters from below to 
replace it and be saturated at a higher temperature in its 
turn. The film of water on the cooling surface is secured with- 
out interference with the ascending air currents and also 
without the use of sprays through small orifices, likely to 
become clogged with rust or sediment. 

Two condensers of the type above described were erected 
early in 1898 at No. 3 Power House of the Armour Packing 
Co., in Kansas City, Mo. Tests of a condenser of this type 
made in April, 1901, showed the average amount of steam con- 
densed per square foot of cooling surface per hour to be 2,038 


pounds. The air entering the condenser had a temperature 
of 62 deg. and it left at a temperature of 106 deg. The 
following below gives the principal figures of the test. The 


condenser took the steam from a 30 X 58 X 48-inch engine run- 
ning at 45 r. p.m. The trial lasted nine hours and the tabu- 
lated data follow: 

Average steam pressure at engine by gage.... 


Average vacuum per engine gage.............. 
Average vacuum per mercury column........ 


139.8 pounds 
18.38 inches 
17.50 inches 


Average temperature in condenser.......... 123.7 deg. F. 
Average temperature of circulating water..... 116.4 deg. F. . 
Average temperature of city water............ 52 deg. F. 
Average temperature of outside air........... 62 deg. F. 
Average temperature saturated air, condenser 106 deg. F. 
Average draft in stack of condenser........ 1-10-inch 
Average humidity of outside air.............. 67 per cent. 
Total amount of steam condensed............ 71,550 pounds: 
Average amount of steam condensed per min.. 132.5 Wy 


Average amount of steam condensed per hour 7,950 oe 


Total amount of circulating water used...... 1,032,060 x 
Average amount used per minute............ 19122 a 
Total amount of city water used.............. 381,150 oe 
Average amount used per minute............. eat es 
Ratio of circulating water & steam condensed 1 to 14.42 
Ratio of city water and steam condensed...... 1 to 0.435 
Average horse power of engine during trial, per 

INGICATOR CAL See eis eee eee 569.74 
Average hourly weight of steam used, per I.H.P. 13.95 pounds: 
Average horse power required to run air pumps 10% H.P. 
Average horse power to run circulating pump 3 leh Je. 
Total amount of condensing surface.......... 3,900 square feet 
Amount of steam condensed per. sq. ft. surface, 

| Oke) ees OND heard Sere Ane a iN: Athena een oo 2.038 pounds. 

* * * 


An attempt to fix the velocity of light with greater ac- 
curacy, using the toothed-wheel method of Fizeau under im- 
proved conditions, has been described by M. Perotin. In 
previous experiments, the beam of light, was made to travel 
a distance of 12 kilometers (7.452 miles) and back, but in the 
recent trials it was reflected from a mirror placed at a dis- 
tance of 46 kilometers (28.566 miles) from its source. From 
1,109 observations the velocity has been found to be 299,880 
kilometers (about 186,225.5 miles) per second, with a probable 
error less than 50 kilometers. 
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RESULTS OF TESTS ON HIGH-SPEED ENGINE. 

A test was recently conducted at the Worcester Polytechnic 
Institute for the Buffalo Forge Co. upon one of their horizontal 
high speed engines having cylinders 12 by 12 inches and sched- 
uled to run at 300 revolutions a minute. Profs. Sidney A. 
Reeve and C. M. Allen conducted the test, and the results are 
a fair criterion of what may be expected from a well-designed 
single-valve engine of this type under good conditions. 

The engine was erected upon temporary foundations on the 
power house floor and belted to a quill upon the main line 
shaft. Steam was drawn from the vertical boilers through 


36 feet of permanent covered pipe and 17 feet of temporary 


Fig. 1. Engine in Laboratory of Worcester Polytechnic Institute. 


naked piping. The exhaust was led through 
three elbows and 14 feet of pipe into a surface 
condenser with which all other connections were 
broken, During the tests the quality of the 
steam, as determined by the calorimeter, was 
practically dry and saturated. The condition of 
the steam supplied to the engine was frequently 
investigated. 

In order to insure absolute steadiness of power 
developed, the engine’s governor was blocked 
into such positions as would give the various cut- 
offs desired. The speed was maintained con- 
stant by insuring that the load was at all times 
greater than that which the engine would drive, 
the balance being made up by a second engine 
belted to the same line shaft. The governor of 
this second engine performed the regulation for 
the entire system. The speeds recorded are 
therefore no record of the action of the governor 
of the engine under test. During any one test the speed was 
sensibly constant. 


TABLE OF RESULTS. 


3 E open eae 
Condition of 8 e q 8 a 3 E E - 
Engine, 83 Gh i = i 5-3 
ene ea OS) | Ae 
7 ie ce) cs 
Normal cut-off, - 
2 195 arte | 124.75 | 812.1 |123.5 | 27.5 | 55.8¢ | 9.16¢ 
N 1 cut-off, | 
San Theis 79.96 | 301.8 | 7155 | 81.3 | 59.27 8.12¢ 
25% under load, = | 
& 80 Ibs. | 79.85 | 297.7 | 56.18 | 88.1 | 56.0% | 7.68% 
50% under load, | 
Baier. | PeTO0 806 Mesr4oy tl) a5 4 51.9% | 7.19¢ 
75% under load, : | 
fe 80 lbs 81.50 | 306.3 | 16.65 | 51.1 | 86.1%  4.98¢ 
25% iT ‘ | 
he 80.57 | 3013 | 87.00 | 84.0 | 54.4¢ | 7.49¢ 
Normal cut-off, -! | 
pandéning: 80.95 | 811.3 | 87.64 | 27.7 | 66.8¢ | 9 21% 


The weight of the steam consumed for all of the tests was 
determined by condensing the exhaust, care being taken, when 
making the “non-condensing” tests to have the pressure in 
the condenser exactly at the pressure of the atmosphere, at 
the same time allowing no vapor to escape. During the ‘“‘con- 
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densing” tests the vacuum maintained in the condenser— 
about 22 inches—was the best that could be in view of the 
limited size of the condenser. 

This arrangement left the steam pressure as the only varia- 
ble in any one test and this was kept as nearly constant as 
possible. The duration of each test was twenty minutes, but 
the engine was always kept in continuous operation for at 
least one hour before entrance upon a test. 

The indicator readings were taken from a pair of Thomp- 
son instruments and the indicator rig was built especially 
for the tests. It contained no geometric error; the error from 
lost motion was imperceptible; the length of cord involved 
was eight inches for one indicator and 24 inches 
for the other. The indicator cocks were screwed 
directly into the cylinder ports. All gages and 
thermometers were calibrated. 

The friction of the engine was also determined, 
when running empty. Because of the difficulty 
of making this determination with reliability, 
two different indicators and six sets of springs 
were employed. The result of the whole is that 
the engine’s friction is estimated at very close 
to 3 horse power or 4.3 per cent. of the engine’s 
rating. The unusual lightness of this friction 
led to the repeated checkirfg of its observation, 
as just noted, before accepting the result. 

The results of the tests are given in the accom- 
panying table. The only explanation needed is 
perhaps with regard to the column of “cylinder 
efficiency.” These figures show the proportion of 
the heat available for work under the conditions 


Fig. 2. Alden Absorption Dynamometer used in Conducting the Engine Tests. 


actually prevailing at the time of the test which the engine 
succeeded in converting into work. That is, it is the percent- 
age of the theoretically possible which the engine actually 
attained. In this column 100 per cent. would be the record, 
not of an engine which converted all of its heat supply into 
work, for no engine could imaginably do that, but of an 
ideally perfect engine operating under the conditions under 
which the Buffalo Forge Company’s engine operated. The 
results figured in this way prove to be good standard ones. 

In addition to the efficiency tests, was run a 36-hour endur- 
ance test under 80 pounds of steam pressure and a load of 
69.67 horse power. During its imposition two observations of 
efficiency were made and their results are scheduled with the 
others. As to the showing made by the engine under this 
endurance test, it can only be said that no fault or suggestion 
of fault developed. The engine ran smoothly and quietly, 
with cool bearings, throughout the test. When shut down it 
was apparently ready to start upon a second similar run with 
equal success. 

As to the general design and construction of the engine, 
regarding which an inquiry was made by the builders when 
the tests were arranged for, Profs. Reeve and Allen report 
that with all that could be seen upon dismembering the 
engine, both before and after the series of tests was run, they 
were very favorably impressed. For simplicity, compactness, 
good distribution of metal, and convenient arrangement, it 
provoked favorable comment from all who saw it. 
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LETTERS UPON PRACTICAL SUBJECTS. 


THE GRADUATED HAMMER. 

Editor MACHINERY: 

While employed in a small shop, in the suburbs of Chicago, 
I witnessed what was to me a very amusing incident. A new 
man was put to work on the bench beside me who proved to 
be a wandering machinist who had worked all over the 
country—a “journeyman for further orders” as it were. He 
had been in the shop three or four days when the foreman 
chanced his way and wishing to borrow a hammer he asked 
Mr. Wanderer for the loan of his. On picking it up he 
started to examine the handle which certainly presented an 
odd appearance, as it had been graduated with knife cuts in 
the manner shown in the sketch. Being somewhat curious 
I listened attentively and was enlightened by the following 
conversation: 
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The Graduated Hammer. 


Foreman—“What the —— are all the marks and numbers 
cut in this handle for?” 

Wanderer—‘“So’s I can tell where to take hold of it.” 

F.—“That explanation is about as clear as mud.” 

W.—“‘The next time I am doing a little chipping just 
watch me.” 

A little later—Enter tne foreman, glancing with a puzzled 
look at the Wanderer who is busily engaged chipping. 

Foreman—‘Well, I see you are holding that hammer near 
the head. What is that for?” 

W.—‘For? Why don’t you see that this is the $2.25 mark? 
that’s what I’m getting here. Make it $2.50, and I hold it 
in the middle. Do the handsome thing and give me $2.75 
and you will see me hold it at the end.” 

The foreman walked away laughing. But that night when 
the Wanderer received his pay envelope it contained a card 
saying that in the future his pay would be $2.75 per day. 


R. A. LACHMANN. 
Chicago, Il. 


THE STRENGTH OF CONCRETE. 


Editor MACHINERY: 

The writer recently assisted at a series of tests of a number 
of small concrete arches and the results of these experiments 
give a good idea of the strength of concrete and may prove of 
interest to some of the readers of MacuHiInrry. These arches 
were of 18 inch span, having a rise of 7 inches and were 6 
inches wide and 6 inches thick at the crown. No rods, wires, or 
other means were employed to give the concrete extra strength. 
The ends of the arches were suitably supported so as to obtain 
the same result as if they had been made between two I-beams 
in a building. A concentrated load was applied to the crown of 
each arch. 

The poorest arch, made of 1 part Portland cement, 2 parts 
sand, and 5 parts 34-inch broken stone, stood an ultimate load 
of 13,200 pounds. This was a poorly constructed arch, having 
been rammed very little and the ingredients not well mixed. 
Arches composed of 1 part Portland cement, 2 parts sand, and 
4 of %4-inch broken stone, stood ultimate loads of from 14,000 
to 26,000 pounds. 

We also made a small block of concrete (proportions 1, 2, and 
5) which was simply placed ina mold. After a period of thirty 
days, a pressure of 637 pounds per square inch was required 
to crush it. Another interesting experiment was that of im- 
bedding a twisted wrought-iron rod, of 14-inch square section, 
in 12 inches of concrete. After becoming thoroughly set, a 
pull of 1,450 pounds was required to loosen the rod. 


New York City. Cuas. G. PEKER. 


FIXTURES FOR FORMING WIRE HOOK. 
Editor MACHINERY: 

The article on wire bending, by C. D. King in the December 
number of Macutnery, calls to mind a device used in a wire 
shop for forming hooks such as are shown in Fig. 1. The 
first part of the forming operation is performed in a fixture 
similar to that described by Mr. King except that the sliding 
lever A, Fig. 2, is substituted for the pins that hold the wire 
while it is being bent. The screws allow this finger to slide 
freely back and forth when operated by the cam B. The end 
of the finger is beveled at the proper angle to bend the wire 
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First Operation for Forming the Hook. 


radially at the end of the stroke of the lever CG. With this 
arrangement the wire can be placed in the fixture and the 
cam B, swung down so that the finger binds the wire firmly 
against the pin D. The lever C is then swung from the 
dotted position to that shown by the full lines, when the 
eye is completed, thereby saving the second operation that is 
necessary with Mr. King’s fixture. 

The hook is then bent on the other end by means of the 
fixture shown in Fig. 3. To the base A is fastened the former 
B, having a clamping finger C that is operated by the cam D, 
similar to the cam and finger used for the first operation. The 
lever EH, to which is fastened the finger F, is pivoted beneath 
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Fig. 


Second Operation for Forming the Hook. 


the former B. Finger C should slide freely on the screws but 
F should be fastened securely to the lever H so that it cannot 
slip. The wire is placed in position and the finger CO is 
brought forward by the cam D thereby producing the first 
bend; the lever # is then thrown over to the position shown 
in the cut, thus completing the hook. These fixtures do very 
well for a small quantity of such work, but, of course, in 
large shops engaged in the bright wire business such pieces 
would be produced with automatic machines. NIx. 


THE METRIC LEADSCREW. 
Editor MACHINERY: 

In the conclusion of an interesting article on the metric 
system (Macuinery, April, 1903,) Mr. John M. Barnay re 
marks: “Why, under the circumstances, the foreign buyer 
should risk the delay and additional expense connected with 
extras, such as furnishing metric screws, does not seem 
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clear.” The “circumstances” spoken of are that it is possible, 
by the simple addition of a translating gear, to convert the 
“inch measurement” screw into a metric one, and his letter 
explains how this can be accomplished. Having given a 
great deal of study to the subject of screw cutting, both 
theoretical and practical, I must certainly differ with Mr. 
Barnay and hope to be able to show why the screw cutting 
lathe must of necessity be fitted with a screw whose pitch 
can be expressed in the system of the pitch of the work. I 
use the word “necessity” advisedly. 

Present-day competition, in the engineering trades espe- 
cially, demands that work be accomplished with the least 
resistance possible. I am aware that in screw cutting practice 
the backing belt is often used to return the carriage to its 
starting point, but would any workman if cutting a long 
screw, of the same pitch, or a multiple of the pitch of the 
leadscrew, attempt to do the work in this manner? Per- 
sonally, even for the shorter lengths of screws, I am not in 
favor of backing by belt and believe it is beyond dispute that 
loss of time must be entailed by so doing. In certain cases 
of exceedingly coarse or odd pitches, no doubt, unless the 
workman be skilled in catching the thread the backing belt 
is much handier than the English method of chalking— 
running back by hand and meshing again when the chalk 
marks coincide—but for all ordinary methods of work, the 
chalking method is the only one that economy of time will 
permit. 

Now if a lathe be fitted as mentioned by your corres- 
pondent, back belting would be absolutely imperative with 
the result that on all simple work much time would be lost. 
As the translating gear has 127 teeth it will be necessary to 
allow the spindle to make at least 127 turns before the tool- 
point would coincide with the thread being cut—if we dis- 
engage the nut—and in some cases two, three, or more times 
127 turns, depending upon the pitch in millimeters being 
cut. Hence the backing belt must be used for every possible 
pitch in millimeters no matter how long the work, it being 
quite apparent that to run through so many idle turns could 
not be permitted. FrRAaNcIS W. SHaw. 

Birmingham, England. 


AN INSIDE MICROMETER. 
Editor MACHINERY: 

In the December, 1901, number of Macuinery, I described 
a small inside micrometer for measuring holes from 1 inch 
to 2% inches. This tool has proved so successful that I 
have since designed a similar micrometer adapted to measur- 
ing, by use of extension rods, from 2 inches up to any size of 
hole and having one inch adjustment of the measuring screw. 

Referring to the section shown in Fig. 2, the measuring 
screw S is secured to the thimble B with the screw D, the 
head of which is hardened and forms the anvil. By loosening 
this screw D, the thimble can be rotated to compensate for 
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Fig.1 
Inside Micrometer. 


wear. The wear of the measuring screw and nut is taken up 
by screwing the bushing A into the frame with the wrench 
shown in Fig. 4. This bushing is split in three sections for 
about two thirds of its length on the threaded end. The three 
small lugs on the wrench fit into these slots. The handle end 
of the wrench is a screw driver which is used for manipulating 
the set screw C. The bushing is made an easy fit in the frame 
on its plain end and tapered, as shown, on its outside threaded 
part. This thread being the same pitch as the measuring 
screw, adjustment for wear does not affect the reading of the 
micrometer. This manner of adjustment brings the nut 
squarely down on the measuring screw for its whole length, 
presenting the same amount of wearing surface after adjust- 
ment as when new. 

The point F, which is hardened on its outer end, screws 
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into the frame and is secured by the taper-headed screw O, 
which screws into and expands the split and threaded end of 
the point F. The handle, Fig. 3, clamps over the knurled 
part of the frame for use in small, deep holes. The rods, 
six in number, running from 1 to 6 inches inclusive, are 
made by screwing a sleeve onto a rod with a hardened point 
and locking it with a taper-head screw on its threaded and 
split end, the same as in the point F. The extension pieces 
Fig. 5, are adjustable, on their socketed ends, in the same 
way, and run in lengths of 6, 12, 18 inches, ete. 
Watervliet, N. Y. M. H. Batt. 


Wrench and Extension Rods for use with the Inside Micrometer. 


MORE ABOUT CUTTING SPIRALS. 
Editor MACHINERY: 

In the March issue of Macuinery there appeared an article, 
by Mr. J. T. Giddings, on the subject of cutting spirals on 
the universal milling machine. While employing the same 
method, in whole or in part, for the calculation of all ordinary 
cases, I think that my method in case of fractional or decimal 
leads is preferable and more accurate than that described. To 
illustrate, let us consider the same examples that were used 
by Mr. Giddings. 

The first example was to find the change gears for a lead 


1.25 
of-1.25 inches to one turn. Then is the ratio of the gears, 
10 
and instead of reducing the expression to the fraction Xf, 
125 
multiply both terms by 100 which gives and resolving this 
1000 


into factors, we have: 
125 5 25 30 25 24 20 36) 9247 808 24. 


= x = — xX —— OS = ee cea 

LOOOs 109 1005", 60% 100 * 48-100 “ae 96 72° 80 
which means that gears of 30 and 25 teeth can be used as the 
two driven gears when gears of 60 and 100 teeth are used as 
drivers, or any other of the above combinations may be used. 
In the second example Mr. Giddings takes a lead of 2.22 
inches to one turn and, by finding the gears by his method, 


does not find those that will give exactly this lead. By the 
method proposed we have: 
222 6 x 37 36 x 37 24 X 37 24 x 74 24 x 37 


1000 10x 100 60x100 40100 80x100 80x 50 

or several other combinations might be used which would 
give exactly the required lead, the numbers above the line 
representing the driven gears and the numbers below the 
line the driving gears. It is more essential to cut a short 
lead accurately than a long one, since a slight difference in a 
short lead will change the angle more than a greater differ- 
ence in a longer lead. 

If the lead should be given in thousandths, multiply both 
terms by 1,000, or what is perhaps more easily remembered, call 
the required lead a’ whole number and annex as many ciphers 
to the 10, in the denominator, as there are decimal places in 
the required lead. For example: Given a lead of 2.176 inches, 

2176 


the ratio of the gears is . If the required lead should be 


10000 
given in the form of a fraction that would reduce to a circulat- 
ing decimal, as 1-3, 1-6, 1-7; etc., it should not be reduced to 
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a decimal but should be calculated in the following manner. 
Example: Given a lead of 21-3 inches, to find the gears, 
Then: 
7 1 70 X 24 
24 +10=-xX = —— 
3 10 72 < 100 72 « 80 
SprrAL MILLER. 


56 X 24 


PATENT CUTTING-OFF TOOLS—GRADUATIONS 
ON THE COMPOUND REST. 


Editor MACHINERY: 

I was much pleased to read Mr. 8. Byron Welcome’s article 
on patent tool holders in a recent number of MACHINERY, as 
it has always been somewhat of a mystery to me why such an 
obvious time-saver as the tool holder has not been more 
generally adopted. In one respect, however, I must differ 
with Mr. Welcome, and that is in regard to his statement of 
the failure of the manufacturers to produce a good cutting-off 
tool. The writer feels sure that the fault is not with the 
makers but rather with the users (or abusers) of the tool. 

As for the off-set cutting-off tool, while it is at times very 
desirable for cutting off work close to the chuck, it is also 
necessary that it should be set on the center in order to cut 
to the center; and to accomplish this it is, in nearly every 
instance, tilted on the tool post in such a manner that all of 
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Figs. 1 and 2. Patent Cutting-off and Boring Tool Holders. 


the side clearance is on one side, instead of being evenly 
divided as is necessary to insure the tool clearing itself as it 
enters the cut. The result is that the blade inevitably breaks 
and the weakest part of the holder, A in Fig. 1, is bent down- 
ward. If, however, the blade is supported directly under- 
neath the cutting edge, as shown in the sketch, by means of 
a small jack, or even an ordinary bolt and nut, the tendency 
to spring and dig into the work is entirely eliminated. This 
also prevents disagreeable chatter which generally results 
when trying to run at a moderately fast cutting speed such as 
the self-hardening blades are designed for. 

There is no necessity for using a quart of lard oil every 
time a piece of steel is cut off; a small brush dipped in the 
oil will supply all of the lubrication that is needed. The 
makers of the patent tools specifically state that they are to 
be ground on the end only, yet how many mechanics will 
grind off the top of the blade with the idea of taking off a nice 
curling chip. When tool holders fall into such hands it is only 
natural that the whole lot should be condemned as no good. 

Of boring tool holders, one of the best that the writer has 
seen is shown in Fig. 2. The eccentric holes in the bushing 
not only permit the use of a large or small bar but slight 
variations in the height of the cutting edge are thus provided 
for. If it is an advantage to have the bar very stiff, one end 
may be run in a bushing fitted to the tapered hole in the 
tailstock spindle. 

A few words on the subject of graduations: The base of 
the compound rest, the cross feed screw and the taper attach- 
ment have graduations to facilitate setting, which are very 
useful when intelligently used. It should, however, be re- 
membered that in using the compound rest, the tool must be 
set on the center or the bevel turned will not be the one 
indicated by the graduations on the base of the rest. The 
same applies to the taper attachment. A man will turn a 
taper, take his tool out and grind it and then, after replacing 
it, wonder why the next piece turned has not the same taper 
as those he has previously done. It never will have the same 
taper unless the tool is set at the same height and this is a 
somewhat difficult thing to do with the common tool post. 
The best method is to take the work out of the centers and 
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set the tool exactly on the center. I have yet to meet the 
old-fashioned workman with his calipers and scale who could 
work around the young fellow who uses his micrometers in 
conjunction with the graduations on the cross feed screw. 
New York City. H. J. BACHMAN. 


VISCOSITY OF OILS. 


Editor MACHINERY: 

The design and operation of bearings in machinery rest 
on the effective action of the lubricant, and failure or success 
depends not only on mechanical conditions, but on the lubri- 
cant chosen. The objects in the use of lubricants are to 
reduce loss of power by decreasing friction, to minimize the 
wear of parts, and to prolong the life of the machine. For 
some years experimenters have recognized that the value 
of lubricating oil depends upon two important properties, 
namely, viscosity and body. Professor Thurston early pointed 
out that the case of perfect lubrication was capable of exact 
mathematical treatment. Ina 1886, Professor Reynolds pub- 
lished an elaborate analysis of such a case. In any well 
fitting journal in which perfect lubrication exists, the friction 
is determined by the speed, the pressure, and the viscosity of 
the oil. Varying any one of these factors while keeping the 
others constant, there is some value of the variable for which 
the coefficient of friction is a minimum, which at the same 
time marks very nearly the limit of the variable for perfect 
lubrication. 

The primary requisites of a good oil are that it shall wet the 
surface of the bearing, for this, in general, gives the lowest 
friction. It shall not contain free acid, or become decomposed 
by the metals with which it comes in contact. It shall not 
contain any volatile matter, or become thickened by oxidation. 
Viscosity is the property of oil by virtue of which lubricants 
form a comparatively thick film between the rubbing surfaces. 
A condition essential to the formation of such films is that 
the rubbing surfaces have a very slight jnclination to each 
other in the direction of their relative motion. This condition 
is generally fulfilled by the slight difference in the radii of 
the journal and the bearing, due to the original looseness 
of fitting, or to wear. The films formed under such conditions 
vary from .00021 to .00077 of an inch under loads varying 
from 27 to 270 pounds per square inch. Since the value of 
an oil as a lubricant depends upon viscosity to a far ereater 
extent than it does upon body, the following experiment has 
been devised as a simple means of determining viscosity 
without regard tc body. 

One of the simplest and best methods for comparing vis- 
cosity is by the use of the viscosity pipette. This method is 
used by the Pennsylvania railroad for testing their oils, and 
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Viscosity Pipette. 


though it may lack scientific accuracy, it serves to compare 
readily the viscosity of different oils for all practical purposes. 
By this method the viscosity is shown as the time in seconds 
required for a certain volume (usually 100 cubie centimeters) 
to flow through a standard orifice. This orifice is of such a 
size as to allow 100 cubic centimeters of water at 100 degrees 
Fahrenheit to flow through it in 34 seconds. This time is not 
proportional to viscosity but it gives a means of arranging 
fluid lubricants in the order of their viscosity. It is obvious 
that this method is useless for semi-solid and solid lubricants. 
In order to determine viscosity by this method, the pipette 
holding 100 cubic centimeters of the fluid is mounted on a 
lamp stand with the lower end dipping into a cup to catch the 
oil as it flows from the orifice. The oil tested is drawn up 
into the pipette, and the time it takes for 100 cubie centi- 
meters to run out is noted. This is called the viscosity of 
the oil for that particular temperature. 

With such an apparatus arranged in the manner described 
above, the writer made a number of tests on both animal 
and mineral oils at various temperatures. The results were 
plotted in curves thus allowing the viscosities of the different 
oils to be compared at any temperature within the range of 
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the test. Curves 1, 3 and 5 are results of tests on mineral 
oils; while curves 2 and 4 are tests on animal oils. From 
these curves it can readily be seen that the viscosity of all 
the oils becomes less as the temperature increases. With in- 
crease of temperature, the viscosity decreases proportionally 
faster for those most viscous at the ordinary temperature. 
The rate of decrease is not the same for all oils. As the tem- 
perature rises, the organic or animal oils, in general, show 
less rapid decrease than the mineral oils. It has been found 
by other tests that, of oils having the same viscosity at any 
temperature, the organic oils are ordinarily more oily. In 
the samples tested the viscosities of the mineral and animal 
oils approach each other as the temperature rises until, at 
240 degrees Fahrenheit, they are very nearly equal. 
Therefore, since viscosity is the chief property upon which 
the value of an oil as a lubricant depends, the above method, 
while it does not give a scientifically correct result for vis- 
cosity, does furnish a simple method for comparing the 
viscosities of different oils. This, in turn, will determine the 
value of the oil as a lubricant at the temperature at which it 
will have to operate in the machine in which it is used. It 
will thus enable the user to select an oil which will give him 
the best satisfaction under the conditions which exist in the 
is| to 
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TURRET ATTACHMENT FOR THE DRILL PRESS. 


Editor MACHINERY: 

In handling small jig work the length of time required for 
putting the piece in and out of the jig is often as great as 
that required for drilling the hole; or if it is thought advis- 
able to keep the work in the jig from start to finish there 
is a great loss of time in changing the drills. There are 
several methods in use for eliminating this loss, such as the 
use of a chuck with collets which may be changed while the 
drill is running and also the use of multiple spindle drill 
presses. The interchangeable collet system is first rate for 
large drills with taper shanks, as the same collet will fit any 
drill; but for small work, requiring straight shank drills, it 
is necessary to have a collet for every size of drill in use or 
else to have several small chucks fitted with collets and, at 
best, some time is lost in changing and in selecting the right 
one. 

The multiple spindle drill press is by far the best method 
if there is a sufficient amount of work to warrant it. There 
are, however, many cases where but little of this work is to 
be done and to meet such a case the drill press turret attach- 
ment here described was designed. This is attached to any 
drill press and, as designed, is of course suitable only for 
light work. It is illustrated in section and elevation in the 
drawings presented herewith. 
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Clamped fast to the drill press quill A, is the bracket B 
which carries a stud K. Running loose on this stud, between 
its head L and the hub of the casting EZ, is a bevel gear G, 
which is driven from the drill press spindle through the 
pinion OC, and it in turn drives a series of bevel pinions 
H, H, H, whose hubs are bored with a taper hole to fit the 
shank of any small chuck or collet. Free on the stud ee iss 
the turret J, which has three radial hubs that are bored to 
form a suitable inside bearing for the hubs of the pinions Jl § 
the outside bearings of these pinions being formed by the 
segment N, which is bolted on one side to a semi-circular 
flange of the turret J and on the other to a semi-circular 
plate M, running free on the hub of the gear G@. This com- 
bination makes an extremely long and rigid bearing for the 
turret and is also an easy piece to manufacture as it is 
possible to turn and face the whole in a lathe even to the 
segment N. Plate F, being bolted at the top of the bracket #, 
forms an outside bearing for the stud as well as a convenient 
means of locking the turret in position. 

The locking is accomplished as follows: The lugs U Bip 
fastened to the turret, carry the locking pin and handle S. 
This pin passes through either one of the slots in the plate F 
and is held firmly in the notch in the turret by means of 
the two coiled springs R,R. When it is required to advance 
the turret, the handle is grasped and held down, after which 
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Turret Attachment for use on Drill Press. 


the turret revolves automatically until the locking pin snaps 
into the next notch. This automatic revolving of the turret 
is due to the tendency of the gears to constantly cause it to 
turn on its own axis. Of course, after one cycle of operations 
is completed it must be turned back by hand to its original 
starting point. Should the tendency of the turret to revolve 
be too great it may be partially checked by means of a spiral 
spring or by some friction device arranged to hold in one 
direction only. The hand wheel, at the front, is threaded on 
the stud and can be tightened up as an extra locking device 
if extreme rigidity is required. This will probably not be 
needed except in cases of severe work or when great accuracy 
is required; if not needed it can be left just slack enough 
to make the turret rigid and yet turn easily. Pinion @ is 
provided with a bearing D, bolted between H and F, which 
serves to line up the attachment on the drill press spindle and 
also forms a stop, keeping the pinion H from striking pinion 
OC, should the turret be turned past the last notch. 

P, P, P, are slots for driving the chuck out from its socket 
and can only be operated with the turret opposite the central 
slot in the plate F. It will be seen that the hand wheel wil! 
interfere with this, but the trouble can be remedied by cutting 
away a portion of the rim opposite the slot. 

More than three spindles might be used by increasing the 
diameter of the gear G and crowding the pinions H nearer 
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together; five or six spindles may be easily provided for 
without an excessive diameter of G, should the character of 
the work be such that they will not interfere with it. If the 
work is very light so that a sensitive drill is required, it may 
be obtained by substituting paper or leather faced wheels for 
the gears. In this case it would be necessary to provide an 
adjustment for the friction between the bevel wheels; and 
this could be easily done by making an up-and-down adjust- 
ment to the pinion C, on its spindle, and by making the inside 
bearings of pinions H part of the plate N, adjusting up and 
down by moving the plate in or out on dowel pins between 
the bolts. 

Another change that might be desired is that of having 
all of the spindles stationary excepting the one in actual 
use. This could be accomplished in case of the friction drive, 
or in case of the gear drive if the gears are of a fine pitch, 
by making both the inside and outside bearing for the pinion 
H in one piece and eccentric with the holes in the plate N 
and turret, throwing this into gear by hand when any drill 
is wanted. A pinion put on the eccentric bushing below N, to 
mesh with a segment hanging from H, would throw the 
spindle in and out of gear as it passed by the segment. How- 
ever, all of these extra refinements detract from the sim- 
plicity of the arrangement and are not advocated as necessary 
or desirable. Frep S. ENGLISH. 

New London, Conn. 


MICROMETER MEASURING INSTRUMENTS. 


Hditor MACHINERY: 

The micrometer instruments here shown were built, in 
leisure hours, by Mr. A. L. Monrad, of this city, and with his 
consent I will illustrate and describe them, thinking that some 
of the readers of MacHiINERY may wish to duplicate them for 
their own use. 

Fig. 1 shows a form of micrometer that has proved very 
handy for measuring snap gages, and thicknesses, and can 
also be used as a small height gage to measure the distance 
from a shoulder to the base, as shown in Fig. 2. In measuring 
snap gages or thicknesses, the outside and inside of the meas- 
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Fig. 1. A Special Micrometer. 


uring disks are used respectively. This instrument may also 
come in very handy when setting tools on the planer or shaper. 
As will be seen in the cut, there are two sets of graduations 
on the sleeve A, thus enabling the operator to tell at a glance 
what measurement is obtained from the outside or the inside 
of the measuring disks. Each of the disks is .10 inch thick 
so that the range of the micrometer is .80 and 1.00 inch for the 
outside and inside respectively. The details of the instrument 
are as follows: 

The sleeve A is composed of the inside measuring disk, the 
graduated sleeve, and the micrometer nut combined. On the 
disk are two projections, KK, which are knurled, thus provid- 
ing a grip when operating the tool. The sleeve is threaded 
on the inside of one end, which acts as a micrometer nut, and 
the outside of this same end is threaded to receive the adjust- 
ing nut D. The sleeve has two slots, each placed 90 degrees 
from the graduations, and these provide for compensating for 
wear. The disk part is hardened by heating in a lead bath 
and is finished by grinding and lapping. The barrel B is 
the same as a regular micrometer barrel and is graduated in 
025 divisions. Spindle H combines the outside disk and the 
micrometer screw, and the barrel B fits on its end, which is 
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tapped out to receive the speeder C, which serves to hold the 
barrel in position. The thread is 144 inch, 40 pitch, and the 
disk and unthreaded parts are hardened, ground and lapped. 
To adjust this instrument, loosen the speeder C and turn the 
barrel until the proper adjustment is obtained. Then lock the 
barrel by tightening the speeder again. 

Fig. 3 shows an assembled view and the details of a microme- 
ter caliper square which, if accurately made, is equal and oft- 
times preferable to the vernier caliper now so generally used. 


Industrial Press, N. ¥. 
Fig. 2. One of the Uses of the Special Micrometer. 
One of its advantages over the vernier is that when the meas- 
urement is taken it can be readily discerned without straining 
the eyes and this instrument is as easy to manipulate as the 
regular micrometer. 

In the details, part A, which is the main body of the in- 
strument, is made of tool steel, the forward or jaw end being 
solid with the body. This end is hardened and the jaw ground 
and lapped. The body is bored out and two flats milled on 
the outside which lighten it up and make it neat in appear- 
ance. The jaw end is counterbored out with a 45-degree coun- 
terbore to form a bearing for the forward end of the microme- 
ter screw. A slot, % inch in width, extends from the fixed 
jaw to the other end and in this slides the movable jaw C. 
There are 88 divisions along the side of this slot, each division 
being .025 inch apart, thus giving the tool a range of 2 inches 
for outside and 2.2 inches for inside measurements. The screw 
B is the most essential part of this tool, its construction re- 
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Fig. 8. Micrometer Caliper Square. 


quiring great accuracy. Its diameter is % inch and it is cut 
with a 20 pitch thread. On its forward end fits the cone F, 
which is hardened and ground, the round part acting as the 
forward bearing of the screw and fitting in the 45-degree coun- 
terbored hole in the body A. On its other end fits the gradu- 
ated barrel D and also the speeder G. 

The barrel is graduated in fifty divisions, each division 
equaling .001 inch. On the inside of the barrel is a 45-degree 
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bearing which rides on the cone M, the cone being held station- 
ary on the end of the body. Thus it will be seen that both 
front and back ends of the micrometer screw are carried in 
cone bearings, which give a very small point of contact, 
thereby causing but little friction and preventing any danger 
of gumming up so as to run hard. The sliding jaw C is 
made of tool steel, hardened, ground and lapped, and combined 
with it is the micrometer nut which is drawn to a spring tem- 
per. This nut is split and adjusted by two screws to compen- 
sate for wear. On this jaw are the two zero marks that tell 
at a glance the outside or inside measurement taken. The 
screw and washer, marked H and J, go onto the end of the 
micrometer screw and take up the end play. To make a neat 
appearance, the cap # is placed in the forward counterbored 
hole, being held in place by a tight fit. The adjustment of the 
tool is accomplished by loosening the speeder G@ and turning 
the barrel on the screw, when the adjustment is made the 
speeder is again tightened down and the barrel locked. 

The depth gage, shown in Fig. 4, has a 4% inch movement of 
the rod and may be used with rods of any desired length. 
These have small 45-degree-on-a-side grooves cut into them at 
intervals of % inch. A small coiled spring, marked J, gives 
the rod a constant downward pressure so that, when taking a 
measurement, the base of the tool is placed on the piece of 
work and the rod always finds the bottom of the hole; then, 
by tightening the knurled screw F the rod is clamped in posi- 
tion and the tool may be picked up and its measurement read 
from the dial. The graduations on this instrument are similar 
to those of the vernier caliper, only they are much plainer, as 
a half inch movement of the rod turns the dial one complete 
revolution. The figures on the dial denote tenths of an inch 
and those on the body of the tool, thousandths; each gradua- 
tion on the dial is therefore equal to 10-1000, so that to 
show the depth of a hole to be .373 the dial would be revolved 
around so that the seventh division beyond the 3 mark would 
be near to 0 and then by looking from the 0 mark toward the 
left the third graduation on the body and one on the dial 
would be in line, thus denoting .378. 
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Fig. 4. A Vernier Depth Gage. 


The most essential part of this tool is the threaded screw B, 
which acts as a rack, and the worm wheel, solid with the dial 
C. The upper end of the screw forms a split chuck which 
grips the measuring rods, while the part marked R is flatted 
off and against this portion bears the threaded sleeve G, which 
acts as a key to keep the screw in position. The sleeve is 
threaded, both inside and outside, and screws into the body 
of the tool, while the binding screw F fits into it and binds 
against a small piece of copper, marked H, which in turn 
holds the screw in position. The thread on B is .245 inch 
in diameter and is cut with a 40 pitch thread. The worm 
wheel which meshes into this screw is solid with the dial, as 
shown at C. It is .18 inch in diameter and requires great ac- 
curacy in cutting; it is not hobbed but the teeth, of which there 
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are twenty, are milled with a circular cutter of the same 
diameter as the screw B plus .002 inch. The little studs, 
marked HE, on the dial and on the body K, hold the coiled 
spring in position. Very great accuracy must be attained 
when locating the holes, in K, that are to receive the screw 
and dial, B and C. The screw marked J fits into the dial, 
where it serves as a bearing and also holds the dial in position. 
The knurled cap D tightens the split chuck in order to hold the 
measuring rod firmly. 

All of the tools that have been described require an accu- 
rately cut screw and, as very few lathes are capable of doing 
this, it may be well to illustrate an indicator for testing the 
accuracy of the lead screw and to explain the method in which 


Fig. 5. Indicator for Testing Accuracy of Leadscrew. 


it is used. This instrument is shown in Fig. 5, where it is 
applied to a test screw K. It consists of a body A on one end 
of which is a projection L to serve as the upper bearing for the 
pivoted lever D. This lever swings about a small steel pivot 
which can be adjusted by the screw H. The rear end of the 
lever is forked and between the prongs is passed a thread 
making a double turn about the pivot F that carries the 
pointer J. Any movement of this lever will, therefore, cause 
this pointer to revolve above the dial C. This dial has 20 di- 
visions, each indicating one half thousandth of an inch move- 
ment of the front end of the lever, so that a total revolution 
of the pointer about the dial would indicate a movement of the 
front end of the lever of .02 inch. The screws J, I, I, serve 
to hold the dial in place on the body of the indicator while the 
spring M keeps the pointer normally at the zero mark. The 
indicator is held in the tool post by the arm G, which can be 
set at any angle and firmly clamped by the screw H. 

To use the indicator, remove the screw from a micrometer 
which is known to be accurate and, with the aid of a brass 
bushing, chuck it in the lathe so that the threaded end will 
project. Now gear the lathe to cut 40 threads per inch and 
apply the indicator. When the lathe is started the point of 
the indicator follows along in the thread of the micrometer 
screw and any variation in the lead will be noted by a move- 
ment of the pointer over the dial. If, on the other hand, no 
movement takes place it is an indication that the pitch of the 
lead screw is correct. Jos. M. STABEL. 

New Haven, Conn. 

* * * 

What is said to be a novelty in automatic cut-off engine 
construction, was built some time ago by the Erie Engine 
Works, and that is, right and left engines connected to the 
same crankshaft, cranks set at 90 degrees and flywheei in the 
center carrying two governors, one for each engine. Some 
trouble was anticipated from this arrangement as it was 
thought that there might be interference and racing developed 
by the non-concurrent action of the two governors, but it is 
claimed that none developed. The engine was built to the 
order of a customer who was located in a mountainous region, 
making the transportation of heavy parts difficult. He wanted 
a 300 horse power engine and by having it built as described 
it was more easily transported, quicker delivery was assured 
and the cost was 25 per cent. less. Another advantage is 
that if one engine breaks down, it can be disconnected and the 
other run independently, developing one-half the normal power 
and with perfect regulation. 
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NOTES OF TRAVEL—THE MILLS OF THE 
ANCIENTS. 
Editor MACHINERY: 

The grinding of grain for food by the Romans was evident- 
ly accomplished by the use of a pair of millstones—one sta- 
tionary and the other rotating over it, in a way similar to what 
was our own common practice until recent years, compara- 
tively speaking, before the roller milling process with its 
pairs of slightly-grooved, cylindrical chilled-iron rolls re- 
placed the stones. 

The millstones used by the Romans did not have flat sur- 
faces rubbing together, however, as has been the practice of 
recent generations. Instead of these flat rubbing or grind- 
ing surfaces, they used stones conical in form, or approxi- 
mately so. The illustration—a photograph taken in October, 
1902, of one of the baker shops in excavated Pompeii—shows 
the forms of stones used. The lower stone has a conical 
top, and the other is hollowed out conically both top ana 
bottom, so that either end will fit the nether stone. The 
outside is shaped to conform, in a general way, with the 
inner cones. The walls of the shell are thicker at the waist 
than at the ends of the upper stone; but the taper of the 
erinding surfaces does not differ materially from that of the 
outside. The inner stone reaches up to the middle of the 
upper one, and is only slightly more blunt than the external 
appearance of the latter might seem to indicate. The upper 
end is a hopper into which a considerable quantity of erain 
may be poured. 


Pompeiian Bakery, showing the Millstones. 


The sets of stones are placed very near together, so near 
that no four-footed animals of sufficient size to turn them 
would have room to walk around adjacent stones at the same 
time. Neither is there any space nearby where the beasts 
could have been placed and their power transmitted to the 
mills. The entire region is closely built up with houses. 
They might have been placed above on the second floor, but 
appearances are against it, and it is improbable. Neither 
are there any indications that the energy of either wind or 
water was applied. Although there are numerous water 
pipes in the city, up to the sizes of three inches or more in 
diameter, there were none of any but the smaller size near 
any of the grinding and baking shops. 

History and present indications both seem to agree fully 
that man power was used for the grinding. It is recorded 
that slaves were utilized for the purpose. In the side of 
each upper stone, at the waist, there are cut two rectangular 
recesses, diametrically opposite each other. They are appar- 
ently for the insertion of a pair of short levers or arms for 
turning the stone. 

The comparatively light weight of the rotating stone evi- 
dently made it necessary to give the conical form to the 
grinding surfaces in order to secure both sufficient pressure 
for crushing the grain and ample area of grinding surface, 
to pulverize it fine enough. And it is also possible that the 
sloping surfaces were necessary in order to feed the grain 
through between the stones; for with the slow speed that a 
man could give, there would be no appreciable centrifugal 
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action, which is a factor in high-speed power-driven stones, 
acting to throw the grain out from the center. 
The mouth of the oven shows indistinctly on the left side 


of the picture. Forrest R. JONES. 
* * * - 


ITEMS OF MECHANICAL INTEREST. 


NOVEL RATCHET MECHANISM—NEW MILLING CUTTER— 
ELECTRIC WORM-DRIVEN PUMP- REVERSING AN 
ENGINE-VARIABLE SPEED DEVICE—MERCURY 
VALVE VAPORIZER—NODON BLECTRIC VALVE. 


The Mechanical Review says the practice of hardening steel 
dates back to the remotest antiquity. Homer, Pliny, and Lu- 
cretius refer to the hardness imparted to iron taken from the 
forge and plunged in water. The ancient Egyptians heated me- 
teoric iron in the forge at a temperature somewhat below the 
melting point until it had absorbed enough carbon from the 
fuel to give it the requisite hardening properties, and then 
tashioned their weapons and tools from the metal thus ob- 
tained. 


The Mining Reporter quotes a German photographic journal, 
the Photographisches Wochenblatt, as recommending the use 
of peroxide of hydrogen for giving greater intensity of color 
to blueprints. It will be remembered that a blueprint is not 
as. intense on leaving the washing water as it is after some 
twenty-four hours’ exposure to the air, an effect assigned to 
oxidation. To remedy this it is suggested that a few drops of 
peroxide of hydrogen be added to the water, to increase the 
rate of oxidation. The scheme is also useful when the paper 
is old and gives veiled prints. In case the sensitized paper has 
turned a greenish blue, it should be over printed until a de- 
cided image is visible. Then a little washing soda solution 
should be added to the washing water but it should be used 
sparingly. The washing should be repeated until the whites 
are clear, and then the prints should be given a final wash in 
water to which a little peroxide of hydrogen has been added. 


Magnalium, developed by Ludwig Mach, is an alloy formed 
of varying proportions of magnesium and aluminum. Equal 


parts make a light, hard, tough metal susceptible of a high 


polish. It is silvery white and is not oxidized by exposure to 
the air, neither does ammonia nor sulphuric or acetic acid 
harm it. But it is affected by sea water from which we infer 
that salt is detrimental to it, making it unsuitable for cooking 
utensils. The alloy has a specific gravity of from 2 to 2.5, de- 
pending on the proportions of magnesium and aluminum. I+ 
can be rolled, hammered, forged, and worked generally in the 
same way as any malleable metal. A valuable property is that 
it can be cast in very thin shapes and that it fills a mold with 
absolute fidelity, thus making it particularly valuable for the 
reproduction of ornamental designs. The price of magnalium 


in Germany, where it is manufactured, is about the same as 
copper. 


The oldest steamboat plying in waters in the vicinity of 
New York City is the “Norwich,” built in New York in 1836. 
Her hull is of wood, constructed by Lawrence and Sneden. 
The engine is of the steeple type, and was constructed by 
Cunningham & Hall, New York. It has a cylinder 40 inches 
in diameter by 10 feet stroke. The original boiler was of 
iron, but this, of course, has been renewed as well as parts of 
the machinery and hull, causing the whole to be at the present 
time something like the “Dutchman’s breeches.” The boat 
was built for the New York and Norwich Steamboat Company 
and ran for a number of years on Long Island Sound. After- 
wards it was used on the Hudson, on the New York and Ron- 
dout line. Since 1850 it has been employed for towing barges 
and for breaking the ice in the Hudson in the winter time, 
which occupation has given it the name of the “Ice King.” 
The boat is a familiar object to those who take trips up the 
Hudson River. 


In a pamphlet upon the prevention of loss by fire, Edward 
Atkinson calls attention to the numerous instances where spon- 
taneous combustion has been caused by the use of lard or ani- 
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mal oils instead of mineral oils, and refers especially to the 
danger from waste soaked in animal oils. He says: 

“The spontaneous combustion of waste has been one of the 
principal causes of loss by fire. This danger has been almost 
wholly removed from cotton factories by the substitution of 
the mineral or so-called paraffine (para affinis) oils for lubri- 
cation, in place of animal oils, the mineral oils having no 
affinity for oxygen. Investigation of oil has shown that 33 
per cent. of mineral oil mixed with lard oil would overcome 
the tendency to spontaneous combustion; also 25 per cent. 
mixed with sperm. But these mixtures do not serve in ma- 
chine tool work. Therefore, there is still a liability to the 
spontaneous combustion of waste used in wiping tools in 
machine shops where pure lard oil is used on the cutting tools. 
The liability to spontaneous combustion in woolen mills has 
been very much reduced since methods were discovered for 
scouring wool treated with mixed oils partly consisting of the 


mineral oils.” 


The Standard Roller Bearing Co., Philadelphia, have sent 
us the record of a large thrust bearing which at that time had 
been in use for something over two years (798 days). The 
bearing was of the same general type shown in the illustra- 
tion, 8 inches inside diameter, 18 inches outside diameter, and 
with one-inch rollers and one- 
inch washers. The bearing 
operates at 125 revolutions, 
and sustains a constant load 
of 100,000 pounds. There are 
78 rollers in the bearing, each 
roller, therefore, supporting 
1,282 pounds. In the way of 
an interesting calculation it 
is estimated that the rollers 
average to make 16 revolu- 
tions per revolution of the 
bearing, or 2,000 turns per 
minute for each roller. The bearing operates 16 hours a 
day, making 120,000 revolutions for the bearing per day and 
1,920,000 for each of the rollers. The total for the 798 days 
amounts to 95,760,000 rotations for the bearing and 1,532,160,- 
000 for the rollers—a pretty good record under a pressure of 
100,000 pounds, or 50 tons. 


\\ Z 
\ 
\ 
~ 


Industrial Press, N.¥. 
Fig. 1. Roller Thrust Bearing, 


Theories have been advanced to account for the humming of 
telegraph and telephone wires, which are probably more satis- 
factory to the originators than the sound is to those who 
have to listen to it when the weather conditions are just right. 
The small bey is always firmly convinced that the wires are 
tingling with the messages sent; and some older people too. 
To stop the noise a device called the “anti-hum” is sometimes 
used, which is essentially the same in construction as a swivel 
in a chain. Rubber or some other elastic substance is placed 
between the bail and the pintle of the swivel and the current 
is conveyed around the rubber by a wire connection. The 
vibrations are absorbed by the rubber. The “anti-hum” is 
used where the wires come into depots and other offices 
where the din would be unbearable if something of the sort 
was not used. But it appears, from a statement made by a 
correspondent of Science and Industry, that the humming of 
telegraph and telephone wires can be prevented if the tie 
wires holding the line wire to the insulators are properly put 
up. The correspondent says that he has almost invariably 
found that if the ends of the tie wires are left to stand as 
they were after being twisted around the line wire, the line 
will hum; but if the tie wires are driven toward each other so as 
to tightly bind the line wire to the insulators there will be 
absolutely no humming. 


Sir Samuel Wilks, writing to Knowledge, states that Fahren- 
heit’s thermometer owed its beginnings to the invention of a 
thermometer by Newton, which was described in the Philo- 
sophical Transactions for 1701. Newton’s instrument was a 
tube filled with linseed oil, and the starting-point of the scale 
was the temperature of the human body, which Newton called 
12. It is worthy of notice that at this period, when numer- 
ation was based upon natural requirements, the duodecimal 
system was proposed for this, as it was in use for all other 
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purposes. Newton accordingly divided the space between his 
datum and the freezing-point of water into 12 equal parts, and 
stated that the boiling-point of water would be about 30 of 
these degrees on the scale. Fahrenheit, when he began to 
work with Newton’s thermometer, did not find the scale minute 
enough for his purposes. He therefore first doubled the num- 
ber of degrees, making the scale number 24 instead of 12. 
Finding he could, by mixing ice and salt, obtain a temperature 
below freezing, Fahrenheit next adopted this for his starting- 
point and counted 24 degrees up to body heat, making the 
freezing-point 8 and calling boiling water 53. Later on he 
again divided his degrees into four. It will be seen that if 
the above figures are multiplied by four, the result is the 
thermometric scale called after him, which is still in use.— 
Scientific American. 


NOVEL RATCHET MECHANISM. 

An English concern is making a bicycle “free wheel” device 
which employs the simple and interesting ratchet shown dia- 
grammatically in five positions at A, B, OC, D and ZB in Fig. 2. 
The sprocket, which is the exterior part a, iS recessed on its 
inner face for the reception of the crescent-shaped piece c, 
which acts as the pawl. The depth of the recess and the shape 
of the piece ¢ are such that the teeth on Bb can pass freely 
when moving in the direction of the arrow at A, the piece c 
rocking in its recess to allow the teeth to pass. But movement 
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Fig. 2. An English Ratchet Mechanism. 


of } in the opposite direction as at B, causes a tooth to at once 
catch the end of ¢ which, sliding along the inclined face of its 
recess, gradually checks the movement, and at the same time 
moves into full engagement with the tooth in b. The succes- 
Sive positions are indicated at C, D and EZ. No spring is neces- 
sary for the operation of the pawl, and “free wheel” movement 
is resisted with very little friction, being only that of the pawl 
c riding over the tops of the teeth in b, and practically of no 
account. 


A NEW TYPE OF MILLING CUTTER. 

A milling cutter for surfacing is the subject of a patent 
recently issued to the Krupps, of Essen, Germany. The flutes 
are made helical, as in ordinary practice, but in addition a 
thread of moderate pitch is cut over the surface of the teeth, 
making the cutter practically a hob with helical flutes. The 
teeth are rounded at the top, similar to a Whitworth thread 
section. The evident object sought is to make a surfacing 
cutter in which the cutting action shall more resemble that 
of a diamond-point lathe tool than a broad-nose finishing tool, 
than it does with the ordinary cutter. It is stated that experi: 
ments have shown that this scheme greatly reduces the power 
required for the cut and at the same time increases the effi 
ciency of the cutter, especially when taking heavy cuts. If 
this is true it quite evidently demonstrates that provision ina 
milling cutter which permits the chips to curl easily is of con- 
siderable importance—more in fact than cutting the chips into 
larger pieces. It has always been a matter for reproach that 
the milling cutter divides the metal into so many parts that 
much power is wasted; but if a simple change of shape, which 
involves many more teeth, actually effects a reduction of nearly 
fifty per cent. of the power required, as it is said to) do, it 
shows that the action of milling cutters has been somewhat 
misunderstood. 
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ELECTRIC MOTOR WORM-DRIVEN PUMP. 

An excellent example of compact machine design in which 
rapid rotary motion is efficiently converted into comparatively 
slow reciprocating motion by means of worm gearing, is that 
of an electric pump shown in Fig. 3. It consists of the motor 
E, mounted on a base with a duplex pump, which drives the 
latter by means of double worm gearing and cranks. The 
combination of right- and left-hand worms, A and A’, driv- 
ing two wormwheels, B and B’, which mesh together and 
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Fig. 3. Electrically-operated Worm-driven Pump. 
thereby balance the thrust of the worms, is, of course, not 
new, but the principle is an interesting one, as is this particu- 
lar application. The cranks are mounted on the shaft of the 
wormwheel B. One-half the power of the motor (less friction) 
is transmitted to the wormwheel B through the worm mesh- 
ing with it; the other one-half is transmitted to it by the 
meshing wormwheel B’. By the use of the yoked extended 
piston rod D and short connecting-rod, the combination is 
made unusually compact. As stated, the pump is duplex, the 
other yoked piston rod and crank being located on the oppos- 
ite side from that shown in the engraving. 


REVERSING A SINGLE-VALVE ENGINE. 

An item in a contemporary gives directions for reversing the 
motion of a single-valve engine as follows: “Turn the engine 
until it is on one or the other of the exact dead centers. Then 
mark the valve stem close to the stuffing box. Then turn the 
engine over until it reaches the other exact dead center; un- 
fasten the eccentric and turn again until the mark comes to the 
first position. Refasten the eccentric. By using great accur- 
acy the valve and lead will not be changed.” 

a 


qm 
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Fig. 4, Diagram Illustrating the Method of Reversing a Single Valve Engine 


Unfortunately this information, put so concisely, is not cor- 
rect. The accompanying sketch shows diagrammatically 
what the condition would be after following the directions. H 
is the crank on one dead center. The center of the eccentric 
for an ordinary slide valve direct-connected engine, would 
then be at B on the dotted eccentric circle line, C. The eccen- 
tric rod is indicated by the full line AB. Now when the crank 
is placed on the other dead center as shown by the dotted lines 
E,, the center of the eccentric will be shifted just 180 degrees 
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from its former position, or to B,. Then loosening the eccentric 
and turning it on the shaft until the mark on the valve stem 
again shows fair at the face of the stuffing-box, as directed 
above, might result in placing the eccentric in either of the 
positions indicated by B and B,. In neither of these positions 
will the valve be properly set. Instead of being advanced from 
the 90-degree line xy an amount equaling the lap and lead, 
it would be set back of the 90-degree line just that amount. 
Of course the valve would not be properly set if set in this 
position. 

Following is a short reliable rule for reversing a single 
valve engine: Put the crank on either dead center and let it 
stay there until through. Scribe a line on the valve stem next 
to the stuffing-box. Loosen the eccentric and turn it on the 
shaft until the mark on the valve stem is again even with 
the face of the stuffing-box. Tighten the eccentric, and the en- 
gine is reversed. 

It makes no difference in which direction the eccentric is 
turned on the shaft, but the shortest distance with an ordi- 
nary slide valve engine is away from the crank-pin, as is plain- 
ly shown on the diagram. The position of eccentric center is 
shown at B and to reverse the engine, it should be at Bote 
crank remaining in its position. The eccentric rod would 
then occupy the position shown by the dotted lines AB,. 


VARIABLE SPEED DEVICE. 

In Fig. 5 is shown the essential principle of a British var- 
iable speed gear invented by W. N. Dumaresq and being intro- 
duced by the British Simplex Gear Co., Kensington, England. 
The limit of speed ratio obtainable with the device of the 
standard type as shown, is 4 to 1; that is, the speed of the 
driven shaft may be reduced to one-half that of the driving 
shaft, or it may be increased to two times the speed of the 
driving shaft. With a third drum or sprocket the speed ratio 
limits are as 20 to 1. The wheels A and A’ are each made up 
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Fig. 5. Chain-driven Variable Speed Device. 


of two disks or plates mounted on a shaft and carrying between 
them small toothed pinions, B B B, etc., and B’ B’ B’, etc., which 
are mounted on roller clutches. The bearings for the pinions 
are arranged to move radially in the slots shown in the plates, 
so that the diameter around which the chain must wrap, may 
be lengthened or shortened at will. Of course if the pinions 
of one wheel or drum are moved radially outward, those of 
the mating drum must be moved inwardly, and vice versa. 
The clutches, on which the small pinions are mounted, lock 
the pinions from moving in the direction of the pull of the 
chain, but offer no resistance to movement in the reverse di- 
rection. So it is evident that for such positions of the pinions 
that the chord lengths between adjacent pinions are not mul- 
tiples of the chain link lengths, there is a constant forward 
turning movement of the pinions on their clutches to permit 
the chain engaging the teeth properly. Otherwise the chain 
would necessarily mount the tops of the sprocket teeth, ex- 
cept where the chord lengths were exact multiples of the chain 
link lengths. The sum of the matter is that the inventor has 
produced a variable sprocket wheel with provision for auto- 
matically adjusting itself to the fractional divisions of sprocket 
tooth space that occur when the diameter is changed. 

The pinions are moved radially by means of two scroll 
plates for each sprocket, the spiral slots of which engage the 
bearings of the pinions and move them in the same manner 
as the jaws of a scroll chuck are operated. The manner in 
which the scroll plates are turned, to effect changes in dia- 
meter of driving and driven gears, is not shown. It is ac- 
complished by the simultaneous moving in or out of two flat 
racks lying in slots cut in the sprocket shafts. These racks 
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have teeth cut across their faces at an acute angle instead 
of at a right angle, as ordinarily, and these teeth engage in 
similarly cut teeth in the bosses of the scroll plates, these 
to all intents and purposes being internal helical gears. The 
simultaneous longitudinal movement of the racks is effected 
by means of a screw engaging with a yoke connecting the two 
racks. The teeth of the racks being eut in opposite directions 
as are also those of the internal helical gears, the common 
movement of the racks turns one scroll plate in one direction 
and the other in the opposite direction, thus enlarging one 
sprocket diameter and contracting the other. The chain and 
its sprocket run in oil. 


MERCURY VALVE VAPORIZER. 

One of the drawbacks to the use of the gasoline engine for 
either stationary or automobile use is the fire danger that comes 
from the gasoline reservoir being located above the burner, so 
as to obtain the reliability of gravity feed. With the best 
mechanical valves and lever floats, as ordinarily constructed, 
there is always the danger of leakage, and even a leak of very 
small extent may suffice to flood the vaporizer and cylinder 
and cause a disaster which may endanger human life. So 
many accidents of this character have occurred that pumps 
are used to some extent to supply the gasoline to the vaporizer 
so as to avoid the danger accompanying leaky valves. 
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Fig. 6. The Mercury Valve Vaporizer. 


In the cut, Fig. 6, is shown a mercury valve vaporizer in- 
vented by A. W. Olds, Hartford, Conn., which is designed to 
afford all the benefits of gravity feed without the danger of 
leakage. A is the supply chamber separated from a float 
chamber B by a horizontal chamber. A tube D connects the 
two. At the lower end of the tube is a cup # containing a 
small quantity of mercury. This cup is supported by the float 
F, being connected to it by means of a bail and the slender 
wire rod passing down through the tube to the cup. Gasoline 
flows into the chamber A and because of its hydrostatic head 
it rises slowly but freely up through the small hole in the 
tube into the float chamber B-until the chamber is partially 
filled and float raised sufficiently to seal the lower mouth 
of the tube with the mercury in the cup Z. The pressure of 
the gasoline then forces a column of mercury up into the 
tube to such a height as will just balance the head. When this 
condition is reached no more gasoline can enter the float cham- 
ber until that already in it has been reduced by being drawn 
through the needle valve H into the vaporizer chamber J, by 
the slight vacuum caused by the operation of the engine. As 
the supply of gasoline in the float chamber lowers, the mer- 
cury cup lowers and uncovers the bottom of the tube, allowing 
more gasoline to bubble up through the column of mercury 
until it is again shut off by the float rising in the chamber. 

The inventor says that every action of the vaporizer is sure, 
as it depends upon the omnipresent force of gravity, and of 
course the mercury cup always acts asa perfect valve in which 
wear takes no part, thus making leakage impossible. 
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THE NODON ELECTRIC VALVE. 

A comparatively recent development in electrical engineer- 
ing is the use of static rectifiers for converting alternating cur- 
rent into direct current without the use of moving machinery. 
The method generally followed where it is desirable to con- 
vert an alternating current into direct current, is to use a ro- 
tary converter. This consists of an alternating current motor 
mounted on the same shaft with a direct current dynamo. 
The power developed by the motor is converted into electric 
current at whatever voltage may be required. With the 
Hewitt and Nodon static rectifiers, moving machinery is not 
required. They act in the same manner as a check valve in 
a water pipe, which allows a liquid to be forced in one direc- 
tion, but prevents flowing in the opposite direction. The same 
occurs with the electric valve; the impulses in one direction 
pass without interference, but those in the opposite direction 
are shut off. 

The accompanying cuts from the Electrician, Figs. 7 and 8, 
show the Nodon electric valve in section and also show by 
diagram how the impulses in both directions are converted into 
direct current flowing from one common wire. This latter is, 
of course, highly desirable, otherwise the capacity of the cen- 
tral station generator would be reduced exactly one-half. 
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Figs. '7 and 8. The Nodon Electric Valve. 


The Nodon rectifier, which is a development of the apparatus 
discovered by Pollak and Graetz, is extremely simple in design, 
and consists merely of a hollow cylinder A, Fig. 7, of zine and 
aluminum alloy, immersed in a solution of ammonium phos- 
phate. A containing vessel, D, of iron, forms the other elec- 
trode, from which A is insulated by the rubber plug B. 

On starting the “valve,” as it is called, it merely acts as a 
liquid resistance, and does not choke back one-half of each 
alternation. This, however, only lasts for a very brief time, 
and after a few minutes a film commences to form on the sur- 
face of the aluminum electrode. It is this film which possesses 
such valuable properties and permits current to pass in one 
direction only—i. e., from D to A. Obviously, the fact that 
only half the energy can be utilized is a disadvantage, but it is 
possible to adopt the scheme of connections shown in Fig. 8, 
and by using four cells, convert all, or nearly all, the alternat- 
ing current into continuous current. This grouping is known 
as the Leo Graetz method; by following out the connections it 
may be seen that both semi-phases are utilized. 

When used in conjunction with polyphase systems, the mat- 
ter becomes rather more complicated, and it is necessary to em- 
ploy a number of cells or valves equal to twice the number 
of wires used in distribution; for instance, six would be re- 
quired on a three-wire three-phase system. Each cell may be 
used for rectifying current at from 50 to 140 volts, but when 
the voltage exceeds the latter figure, two or more cells must 
be connected in series, allowing 140 volts, as a maximum for 
each cell. 
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RAILROAD WRECK IN A MACHINE SHOP. 


A peculiar accident occurred at the shops of the Prentice 
Bros. Co., Worcester, Mass., last February as the result of a 
train of runaway cars, and an interesting group of photographs 
of the resulting wreck is reproduced herewith. More than 
$15,000 worth of machines were damaged or ruined, but fortu- 
nately no one was seriously injured, although Supt. Harry V. 
Prentice and Foreman Smith barely escaped with their lives, 
the former receiving a bruised wrist. 

The line of the New York, New Haven and Hartford Rail- 
road runs near the Prentice shops, from which a siding ex- 
tends into the main shop. The railroad is on an embankment 
above the level of the shop floor, making necessary a 20 per 
cent. grade for the siding. The accident happened early in 
the morning. A switch engine had just pulled two loaded cars 
from the shop and placed them on a siding, when seven other 


cars near the main line started down the incline of the shop 


track. It was supposed that the brakes would hold the cars, 
but the track was wet and they did not. When the cars started 
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would have prevented the cars from going clear through the 
works and doing more extensive damage. The railroad made 
prompt settlement for the loss; but unfortunately the tools 
that were injured were on a rush order, and the delay, of 


course, inconvenienced the customers. 
* * * 


TO KEEP TAB ON THE ENGINEER. 


A company has been organized in Milwaukee to finance an 
invention which the inventor claims will prevent many of 
the wrecks and accidents which now prove so disastrous. The 
instrument is styled the “railway chronograph.” The machine 
is a small affair, but does wonderful work. An iron box about 
twelve inches square and three inches thick contains the in- 
strument, which is devised to keep a record of the locomotive 
to which it is attached, and its engineer. The mechanism is 
such that it records on a tape every blast of the whistle, with 
its exact time and place, the speed of the train at every mo- 
ment of time, the time and place any accident occurs, the 
speed approaching, the arrival, the delay and the departure 


Views of the Railroad Wreck in the Machine Shop of the Prentice Bros. Co. 


the conductor and brakemen jumped for the brakes to set 
them up tighter, but with no effect and were obliged to jump 
from the train to save themselves. The cars gained headway 


down the grade, and the leader, a flat car, crashed through 


the shop door, splintering woodwork and glass. There were 
12 engine lathes and 11 upright drills standing in the shop to 
be shipped on these very cars. These were seattered and 
broken up to a greater or less extent—mostly greater—and a 
sensitive drill which had just been inspected was caught under 
the trucks of the flat car and made a subject for the scrap 
heap and carried over 100 feet under the cars. A pile of fin- 
ished castings, weighing perhaps 75 tons, finally stopped the 
avalanche, but not until one of the traveling cranes had taken 
revenge by doing a little angling with the crane hook on its 
own account. The crane was at this end of the shop with its 
hook suspended several feet above the floor. .The flat car 
passed under it, but the next, a box car, was fairly caught 
and its roof lifted off in a neat and workmanlike manner. If 
it had not been for the pile of castings mentioned nothing 


from any station, the number of miles and amount of time 
consumed in switching at any station, when and where the 
airbrake is applied, how long the engineer is on duty any and 
every trip, just where the locomotive was at that moment and 
what it was doing at the time, and how much steam was 
wasted through the escape valve. The device is entirely auto- 
matic and simple to a degree. It is attached to the engine just 
in front of the cab and over the boiler. Mr. Sedgwick, the in- 
ventor, began his career as a telegraph operator; later he 
became a Methodist minister, then a professor in several col- 
leges as a teacher of railway and mechanical engineering. 
He says that, despite its simplicity, the machine required ten 
of his best years for its perfection. 

The inventor has apparently neglected one very important and 
desirable feature ir his Gevice, and that is means for recording 
the times and places ‘where the engineer waves his hand to sun- 
dry red-headed girls along the line. That he has not provided 
for this vitally important record shows clearly to us that he 
is not thoroughly posted on all the details of railroading. 
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HOW AND WHY. 


A DEPARTMENT INTENDED TO CONTAIN CORRECT AN- 
SWERS TO PRACTICAL QUESTIONS OF 
GENERAL INTEREST. 


Give all details and name and address. The latter are for our 
own convenience and will not be published. 


A subscriber asks us for information regarding the Stubbs 
standard screw thread. What is the form of thread and 
number of threads per inch for the various sizes? 
been unable to secure any data upon this subject and if any 
of our readers can give us the required information we should 
be pleased to receive it. ; 


19. O. P. and W. C.—Can you inform us how the covering or 
jacket is put on a steel shaft? We use a machine steel shaft 
about 11-16-inch diameter with a brass jacket 5-32-inch thick, 
making the outside diameter one inch. The length we use is 
about 6 feet; also larger sizes 12 feet long. 


A.—We submit this to the readers for reply.—Editor. 


20. W. H. S.—Will you kindly inform me what is the best 
lubricant to use in turning copper, such as for commutators 
and similar electrical. work? 


A.—You will find the use of sweet milk to give excellent re- 
sults. 


21. Inquirer.—Can you give me information as to the speen 
at which sewing machines operated by power in factories are 
arranged to run? I understand that they frequently make as 
many as 6,500 revolutions a minute. 


A.—The Singer Manufacturing Company inform us that 
while machines for exhibition purposes may make as high 
as 6,500 revolutions a minute, the majority of sewing machines 
run by power in factories to-day operate at 2,000 to 2,500, al- 
though there are some high-speed machines used on special 
work under certain conditions that are run at 4,000 stitches 
per minute. 


22. HE. I—Having seen numerous discussions of the theoret- 
ical advantages possessed by each of the two systems of gear- 
ing—involute and epicycloidal—I would like to inquire which 
system is the better fitted for general shop use, considered 
from a practical, rather than a theoretical, point of view? 


A.—The involute system is without doubt the best suited 
for all purposes and is the only system that is used to any 
very great extent at the present time. One of its advantages 
is that, while with the epicycloidal system it #s necessary to 
have the center distances exact, with the involute system the 
center distances may vary quite a considerable amount from 
the exact dimension and the gears will yet run in a satisfac- 
tory manner. One of the greatest points in favor of the invo- 
lute system, however, is the much smaller number of cutters 
that are required than are necessary for the epicycloidal sys- 
tem. To cut all numbers of teeth from 12 to rack, of a given 
pitch, in the involute system, but eight cutters are required; 
while for the same range with the epicycloidal system it 
would be necessary to have a set of twenty-four cutters. 


23. G. S.—Will you please inform me what is used for fill- 
ing up cracks and blow holes in castings in order to smooth 
up the surface before painting? I wish to produce a good, 
cao finish without an unreasonable expenditure of time and 
abor. 


A.—For filling large cracks or blow holes there is a prepa- 
ration called “adamant” cement. This is a metallic compound 
and comes in the form of a fine dry powder. For use it is 
mixed with water to the consistency of a thick paste and 
applied to the cavities with a putty knife. In a few hours it 
becomes as solid as the iron and is insoluble in either water 
or oil. 

After filling the large holes with the cement the casting should 
be given a good heavy coat of iron “filler,” which is a paint 
product containing paint pigments mixed with varnish liquids 
most suited to produce a body over the surface of the casting. 
This is applied with a paint brush and dries in about an hour. 
(The exact constituents of both the filler and cement are 
“trade secrets” which are not available for publication.) 
When the filler has become thoroughly dry it is “rubbed 
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down” with sand paper, rotten, or pumice stone and then the 
machine is painted with ordinary machine paint. 


24. O. L. F.—In reference to your article on electric weld- 
ing in the last number, I would like to inquire why it is that 
in welding tubing, or in fact cylinders or rings of any descrip- 
tion, the current always flows through the edges of the piece 
being welded. Why should not at least part of the current 
flow around through the back of the tube or ring and so make 
electrical connections between the clamps or contact points in 
that way? 

A.—We referred this inquiry to Mr. W. L. Gorton of the 
Standard Welding Company, who replies as follows: This 
question regarding the action of the current in electric weld- 
ing is a common one. The best answer the writer can give is 
to refer your correspondent to Ohm’s law. The reason why the 
current does not pass around the outside of the tube in any 
very large amount is that the resistance around the tube is so 


much greater than across the joint that the current flows in 


the lines of the least resistance and takes the shortest path. 
The same thing is true of any circular form that is welded. 
In the case of the tube, however, there is another element 
which is an important one. If the current should attempt to 
take the long passage around the circumference of the tube 
when the weld is started, there would be set up by this action 
a very strong magnetic influence in the tube. This magnetic 
influence tends to increase the resistance of the circuit as well 
as the counter electro-motive force, and for that reason, prin- 
cipally, in tube welding, the leakage of current around the 
tube is checked very considerably. 


25. W. H. W.—Will you kindly explain the difference be- 
tween the centrifugal and the inertia form of steam engine 
governor? 


A.—The centrifugal governor, of which the “fly-ball” gover- 
nor is the most common example, is one in which two heavy 
balls are caused to rotate around the governor shaft by means 
of a belt driven by the crankshaft. As the engine increases 
in speed, and the balls revolve faster, centrifugal force causes 
them to fly out from the governor shaft and in so doing they 
operate a system of levers which close the throttle and thereby 
reduce the speed of the engine. If the engine is of the auto- 
matic cut-off type, the action of the levers is to hasten the 
point of cut-off and thereby slow down the engine to normal 
speed. When the tendency of the engine is to run slower 
than the desired speed the centrifugal force acting on the 
governor balls is lessened, with the result that they approach 
nearer to the governor shaft and operate the levers in a 
direction suited to open the throttle wider, or to retard the 
point of cut-off, so that the speed of the engine will increase. 
The flywheel governor, which is used largely on high-speed 
electrical engines, is also a type of centrifugal governor. In 
this case a pair of weights are pivoted within the flywheel 
and as the speed of the engine increases they tend to fly out 
from the shaft and thereby move the eccentric either around 
or across the shaft, or both, as the case may be, thereby chang- 
ing the point of cut-off and decreasing the speed of the 
engine. When the speed of the engine falls below normal the 
weights tend to draw in toward the shaft and the movement 
of the eccentric which this produces causes the engine to in- 
crease in speed. 

In the inertia governor, of which the Rites is the best 
known example, we have a weight revolving with the governor 
shaft and normally at the same rate. If, however, the rota- 
tion of the shaft is accelerated or retarded, the weight will 
continue to rotate at its normal speed and a relative motion 
is produced between the shaft and the weight and this mo- 
tion, acting upon the eccentric or cut-off mechanism, restores 
the engine to its regular rate of speed. If the weight be 
pivoted about the center of the governor shaft, it will be seen 
that it will not be affected by centrifugal force but will oper- 
ate only by the effect of its inertia. It may, however, be 
pivoted outside the center of the shaft and will then be af- 
fected to a greater or less extent by centrifugal force. By 
placing the pivot behind or ahead of the weight, relative to 
its direction of rotation, the action of the two forces may be 
made to assist or oppose each other, and the action of the 
governor may in this way be made more sensitive or more 
sluggish, as the case may require. 
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NEW TOOLS OF THE MONTH. 


A RECORD OF NEW TOOLS AND APPLIANCES FOR MACHINE SHOP USE. 


THE OESTERLEIN MILLING MACHINE WITH SPUR GEAR 
FEED MECHANISM. 


The half-tone, Fig. 1, presented herewith, illustrates the 
new No. 24 milling machine that has just been placed on the 
market by the Oesterlein Machine Co., Cincinnati, Ohio. The 
most noticeable improvement that has been made upon this 
machine is the use of an all gear feed mechanism, the details 
of which will be clearly seen by reference to Fig. 2. In this 
construction spur gears are used for transmitting power from 
the spindle to the feed box, a duty which is ordinarily per- 
formed by bevel gears, chains, or worm gearing. These gears 
* are of steel, cut from the solid, and are so designed that the 
belt on the machine cone will give way before any part of the 
feed mechanism breaks. This feed is a positive gear drive and 
consists principally of two gear boxes, an upper one which 
takes the power from the spindle and transmits it to the lower 
box, the upper box containing a sliding gear on the spindle 
operated by a lever to make one change of speed. The lower 
box contains a cone of gears, and a sliding gear by means of 
which the different gears may be engaged; the change is made 
instantly by engaging the sliding gear to any of the cone gears 
while the machine is running. An index plate giving the 
amount of travel for each gear is affixed to the feed box, so 
the operator can readily see what feed he is using. The feed 
changes are .004, .006, .008, .011, .014, .017, .020, .029, .039, .052, 
.066, .091 inch to one revolution of the spindle. All gears are 
covered by protecting guards. 
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Fig. 1. Oesterlein No. 24 Milling Machine. 


All screws have graduations to .001 inch. The gears in the 
saddle are oiled through holes in the back of the swivel. Bear- 
ings and clutches are oiled through the center table slot, by 
moving the table clear to the end, the oil holes coming in line 
with the bearings.. The spindle has a hole its entire length 
with No. 10 B. & S. taper. The front end is threaded to allow 
standard cutters to be put on, and this thread is covered by a 
nut when not in use. The front journal is tapered and is pro- 
vided with the lock nut to compensate for wear. 

The cone has four steps for 3 inch belt, the diameters being 
12 inches, 9% inches, 7144 inches, 5144 inches. The back gear 
ratio is 6.3 which will give, with the countershaft running 100 


revolutions, a speed of 228, 130, 76, 43, 36, 20, 12, 7 revolutions 
per minute. The table is 40 inches long; 9 inches wide, has 3 
T slots % inch wide. It has a quick return of 3 to 1 and can 
be operated from either end. It has screw feed, and screw has 
adjusting nut to compensate for wear. The table is engaged to 
the feed by means of a clutch on the screw, which clutch does 
not ride on the screw directly, but slides on a sleeve so as not 
to injure the screw. The whole is a very simple and positive 
movement without any springs, and stops the table every time 
within a thousandth of an inch. The table has an automatic 
longitudinal feed of 24 inches, automatic cross feed 714 inches, 
and can be lowered 18 inches from center of spindle. 


Fig. 2. Spur Gear Feed Mechanism of Oesterlein Milling Machine. 


The back center is adjustable and can be lowered and raised 
by means of a worm and rack; the great advantage of this is 
the certainty that it cannot lower when once set, as is the 
case with centers that are merely held by friction. The divid- 
ing head is of new design, its construction allowing closer ad- 
justment of the spindle than the old style. It is arranged to 
swing way round so that the work may be operated upon from 
either side of the head. The spindle may be clamped tight so 
as to release the indexing pin from all strain. It has a No. 
10 B. & S. taper and swings 11 inches in diameter and 19 
inches between centers. The total weight of the machine is 
about 2,400 pounds. 


HEAVY STEEL-TIRED CARWHEEL LATHE. 

The Pond branch of the Niles-Bement-Pond Co. have recent- 
ly built for the Pennsylvania R. R. a number of 42-inch 
carwheel lathes of extraordinarily heavy design and powerful 
drive. A number of mechanical features make the machine 
an interesting tool, and the daily output of turned tires alone 
is calculated to attract much attention, being, we believe, 
unparalleled by any other carwheel lathe made for this class 
of work . 

With the ordinary carwheel lathe made to turn wheels 
mounted on their axles, there is always a serious lack of 
stiffness of the wheels when under a heavy cut. The driving 
force must be applied to the sides of the wheels, in the case 
of those having solid center disks, and the wheels are 
mounted on comparatively slender axles which are only sup- 
ported at the ends by pointed centers; all this contributes to 
lack of rigidity. There is also a tendency to force the wheels 
out of truth sideways at points between the driving dogs. 
In this lathe, self-centering chucks grasp the axle journals 
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and chuck jaws engage the inner periphery of the tires where 
they overhang the wheel centers. The wheels are driven 
by dogs attached to the centrally driven plates mounted on the 
work spindle. Power to drive the wheels is not transmitted 
through the outside chucks, the function of these being only 
to add stiffness and support to the wheels so that they may 
be held firmly to the heaviest cuts. 

The drive is transmitted to the work spindle by means of 
a heavy worm meshing with a large wormwheel mounted in 
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record of tests before us shows that one pair was turned in 1 
hour 10 minutes and the longest time required for a pair was 
1 hour and 55 minutes. 


THE FARWELL STOOL PLATE MOLDING MACHINE. 
The half-tone, Fig. 1, shows a new form of the Farwell mold- 
ing machine that is designed especially for stripping-plate 
work where stooling is necessary. Fig. 2 shows a plan and sec- 
tion of the machine fitted with patterns for an external and 


Lathe for Turning Steel-tired Carwheels. 


the center. ~The spindle and wormwheel are, of course, slotted 
to the center on one side to allow the wheels and axle to be 
placed in position from the side. The gap in the wormwleel 
is closed by a section bolted in place. The worm driving the 
wormwheel is in turn worm-driven, and in some cases an 
electric motor is attached directly to the second worm shaft. 


Fig. 1. 


Farwell Stool Plate Molding Machine. 


The main driving worm and the second wormwheel and 
worm are located in a pit beneath the floor so that the actual 
floor space taken up by this tool is about the same as for 
lighter lathes of the same class. 

In regard to the output, seven pairs of 38-inch steel-tired 
Allen wheels have been turned in 10 hours and 35 minutes. A 


internal gear, which are held in the circular flask J’. The 
hub of the pattern B and the rim C rest firmly at all times 
upon the pattern frame H, which is securely fastened to the 
frame of the machine. The stripping plate D rests firmly 
upon the adjusting studs Z and the stool plate also rests upon 
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Fig. 2. Detail of Stool Plate Molding Machine. 


adjusting studs, while the sand is being compressed. It will 
be seen that all parts which are subject to strain when the 
sand is compressed, have a rigid foundation and are not sup- 
ported by cranks or connecting rods. Stripping plate D is 
fastened, by screws, to the rods K, which act as guides for both 
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plates and also connect the stool plate with the stripping plate. 
The stool # is fastened by legs I, J, to the stool plate. After 
sand is pressed the lift lever is operated, thereby raising the 
stool plate J. This also raises the stripping plate D and the 
stool #, and strips the patterns B and C, which remain sta- 
tionary on the pattern frame H. The boss A, on the pattern, 
forms a core print in the sand while the spokes are fastened 
to the stool and follow it up when stripping the rim and hub. 
Babbitt metal is used where the stripping-plate meets the 
pattern to make a close fit. This machine is made by the 
Adams Co., Dubuque, Iowa. 


NEW PORTABLE KEYSEHATING MACHINE. 

The photograph shows a new portable keyseater brought out 
especially for routing out the ends of milled keyseats and for 
truing up the sides of keyseats worn through loose gears, 
pulleys and couplings. The machine has a capacity for shafts 
up to 6 inches in diameter and will mill close up to a shoulder 
or flange. The bed of the machine which is clamped on the 
shaft, is made in V form, so that when the machine is fastened 


Burr Portable Keyseating Machine. 


by the binders, it will be parallel with the shaft and the key- 
seats cut will be radial. The cutter spindle is carried by a 
turntable on the slide, the set-over for truing up worn key- 
seats being obtained by means of a worm and wheel adjust- 
ment. The part carrying the spindle is provided with a down 
feed screw so that the spindle can be lowered to the proper po- 
sition and locked. The machine is fed by hand, the slide having 
a parallel travel, on the base, of 8 inches without re-setting. 

In routing the ends of milled keyseats the turn table is set 
to the zero line on the slide, the cutter fed down until it 
touches the bottom of the keyseat and the slide is fed up, with 
the cutter rotating, until the keyseat is routed out. In truing 
up worn keyseats it is advisable to use the set-over to the 
cutter-spindle, truing up first one side of the keyseats and 
then the other. This machine is also adapted to truing up worn 
keyseats on the axles of electric cars, these keyways often 
becoming distorted through gears working loose. The tool is 
_the product of John T. Burr & Son, 34 South 6th Street, Brook- 
Livan NGa Ve 


THE “ANCHOR” ELECTRICALLY-DRIVEN BENCH GRINDER 

The Anchor Machine Works, Grand Rapids, Mich., has just 
brought out the electric bench grinder, illustrated herewith. 
This little grinder may be clamped upon a bench in any con- 
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venient place and is operated by the current from an incan- 
descent lamp socket. When through grinding it can easily be 
put back out of the way, as it weighs only 55 pounds, Bee 
requires no other fastening than a hand clamp. The motor is 
inclosed in the body of the machine where it is free from dust 
and dirt, yet easily accessible for inspection and repair through 


swinging covers. It is started and stopped by means of a 
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“Anchor” Electrically-driven Bench Grinder. 


switch placed in the base. The spindle carries two wheels 
from 3 to 8 inches in diameter and up to 1 inch face. There 
are two rests, one for edge and the other for face grinding. 
The spindle runs at a speed of 3,000 revolutions per minute 
and the motor may be wound for a 110 or 220 volt current, as 
desired. 


THE ‘WHITNEY ” DETACHABLE CHAIN. 

The cut presented herewith illustrates the new “Whitney” 
detachable roller chain which is the product of the Whitney 
Mfg. Co., Hartford, Conn. This chain has been adopted by one 
of the most prominent manufacturers of gasoline automobiles 
in the country and is claimed by the makers to be especially 
adapted to this class of work. As will be seen by the cut, it 
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Detachable Roller Chain. 


consists of a series of roller studs held together with steel 
side plates. A is one of the spring locking plates and B one 
of the regular plates. The regular plates cannot turn on the 
rivets on account of the irregular shape of the holes, while the 
locking plates prevent the regular plates from coming off. 
The chain is detachable at any point and can be taken apart 
quickly without difficulty when it is necessary to shorten it. 


TWENTY-INCH TRAVERSE HEAD SHAPER. 

The Cincinnati Shaper Co., Cincinnati, Ohio, have just 
brought out the new 20-inch traverse head, shaper that is 
illustrated in the cut on the next page. This machine, as 
shown, has two heads and is back geared, although it can be 
supplied with a single head or the back gearing omitted, if 
desired. The saddles, which are gibbed to the bed by taper 
gibs, are operated by full length and separate lead screws so 
that they are not limited to working, each at its own end of 
the bed, but may be brought together at either end of it. They 
may also be moved, for coarser feed or for positioning, by 
means of rack and pinion, by hand or by power, and the two 
feeds are arranged to lock against each other so that both 
cannot be accidentally engaged at the same time. 
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The rams are operated by the Whitworth quick return mo- 
tion and are provided with rack and removable pinion wrench 
for positioning, both in relation to the work and for length of 
stroke. The stroke is adjustable from 0 to 20 inches, and a 
scale is provided by which it is set. The feeds, both for the 
saddle and for the heads, are located on the saddles where 
most convenient to the operator. They are automatic and 
the amount and direction of feed can be changed while the 
machine is in motion. They are so arranged that feed takes 


place on the return stroke while operating the saddles in either 
The down feed of the head may be obtained by 


direction. 


Twenty-inch Traverse Head Shaper. 


hand or automatically by power and may be set from 0 to 
maximum, as desired. The circular feed of the head is by 
hand. The feed of the circular arbor is by power and is 
operated from the front of the machine. The tables are of box 
form with T slots on three sides. They are removable verti- 
cally on the aprons and horizontally with them along the bed, 
crank wrenches being provided, as shown, for this purpose. 


COMBINATION DISK AND EMERY GRINDER. 

The combination grinder, shown in the illustration herewith, 
consists essentially of a 28-inch disk grinder mounted upon 
one end of the spindle while upon the other end is an 18-inch 
ring of solid emery, mounted in a forged steel chuck, sur- 
rounded by a water hood and fitted with suitable pump and 
piping. This combination machine has been designed to 


Combination Disk and Emery Grinder. 


cover two requirements that were not filled by the disk 


grinder. In the first place the disk grinder does not work well 
on large surfaces of cast iron or where too much stock has to 
be removed as the cast iron glazes; and again, there is a class 
of work that will not stand the heat engendered by the disk. 
The water grinder on this machine covers these two points 
while the emery wheel has the advantage of the very rapid 
speed of a disk grinder, speed that it would be impossible 
to use with a wheel mounted in the usual way. 
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Both ends are furnished with an adjustable table which 
can be set at any angle and which has a rocking motion paral- 
lel with the face of the wheel. They also have a feed toward 
the wheel, operated by means of a lever and controlled by a 
micrometer screw. With these tables pieces can be sized to 
thickness and angles correctly ground. Furnished with the 
machine is a press for cementing the paper to the steel disks, 
of which there are two, and an 18-inch ring of emery carefully 
balanced in the chuck. This machine is made by the Bayldon 
Machine & Tool Co., Jersey City, N. J. 


FOURTEEN-INCH “STAR” SCREW-CUTTING 
LATHE. 

In the accompanying cut is shown the new 14-inch 
engine lathe that the Seneca Falls Mfg. Co., Seneca 
‘Falls, N. Y., have lately brought out especially for 
using high-speed steels with coarse feeds and deep 
cuts. It has an actual swing of 1514 inches over the 
bed and 8% inches over either plain or compound rest. 
The bed is 6 feet long and admits of taking work 34 
inches long between the centers. The spindle is hol- 
low and carries a four-step cone for 24-inch belt; the 
ratio of back gearing is 9 to 1. The tailstock is of the 
curved pattern which allows the compound rest to 
swing around parallel with the ways and over the 
base of the tailstock, with room to operate feed screw 
handle. The tail spindle has new locking device 
which insures perfect alignment. 

The carriage is provided with T-slots for bolting on angle 
plates or work and is fitted with a cam locking device, in the 
apron, which locks it to the bed when the cross feed is in 
use. This device is operated by the same lever that operates 
the split nut on leadscrew, so that the split nut cannot be 
engaged with leadscrew when the carriage is locked to the 
bed. The cross feed screw is graduated to read in thousandths 
of an inch. Hither plain, compound or rise-and-fall rests are 
furnished, as desired. The plain and compound rests are 
easily interchanged, one base and tool post answering for both. 
The compound rest has extra long travel of 5% inches and 1s 
capable of fine adjustment as the base is graduated. 

Power is transmitted from head spindle to leadscrew en- 
tirely by gears and is arranged with three changes of feeds, 
fine, medium and coarse, whose ratio is 4921: these changes 


Fourteen-inch ‘Star’ Screw-cutting Lathe. 


may be instantly made while lathe is in motion, by shifting 
the hand lever on gear cage. An autcmatic stop is provided 
to stop carriage at any point. The friction feed, both cross 
and longitudinal, is thrown into operation by a single hand 
knob, on the apron, which operates a double friction clutch 
connected with the worm gear. This construction effectually 
prevents cross and longitudinal feeds from being put into 
operation at the same time. The worm, by which the worm 
wheel is driven, is keyed to the leadscrew which is splined 
so that it simply acts as a feed rod, therefore the only wear 
on the threads is in screw cutting. 
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The screw cutting range covers all standard threads, from 
8 to 64, ineluding 111% and 27, without compounding the 
change gears. The leadscrew has U. S. Standard threads, 
and, when desired, transposing gears and the International 
Standard Index for cutting metric threads from 0.5 milli- 
meter to 8 millimeters are furnished. When cutting threads 
the hand lever on the gear cage should point to “Threads.” 
The automatic stop will not operate when the hand lever 
points to “Threads.” When desired, a taper attachment will 
be furnished which is secured to the back of the carriage, 
travels with same, and is always in position ready for use. 
It is connected to the bed by means of a screw clamp. 
MULTIPLE SPINDLE MUD RING AND FLUE SHEET DRILL. 

This drill, which is shown in the half-tone herewith, is 
designed especially for mud ring and flue sheet drilling on 
locomotive work but it is also suitable for any other type of 
multiple drilling. 'The distinctive feature lies in mounting 
six independently fed heads, which are adjustable in their 
center distances on an auxiliary cross rail; this cross rail in 
turn being adjustable the entire length of the main cross rail. 
By this means a mud ring can be dropped into the two chucks 
shown on table, securely clamped, then without moving the 
work in these chucks, either one or two rows of rivet holes 
can be drilled the entire length at any spacing desired. All 
that it is necessary to do, is to set the heads on the auxiliary 


Multiple Spindle Drill for Drilling Mud Rings and Flue Sheets. 


cross rail at any given multiple of the pitch of the rivet 
holes. For instance, if the rivet holes come at 2-inch centers, 
set the heads at 6-inch centers, and drill six holes simultan- 
eously, then move the auxiliary cross rail carrying the six 
heads 2 inches and drill six more, repeating the operation the 
entire length of either mud ring or flue sheet. In case there 
are two rows of holes in the mud ring, after the first row is 
completed, the table would be adjusted out or in as the case 
might be, whatever distance is required between the two rows 
of holes when the operation would be repeated. 

For flue sheet work, the same mode of operation would be 
pursued, the chucks having been first removed from the table. 
Length in the clear of this machine is 12 feet 4 inches between 
uprights; working surface of table is 12 feet 4 inches by 24 
inches, having three T-slots the entire length. The table has 
an out or in adjustment of 24 inches, the shaft for operating 
this table extending out at both ends so that it can be oper- 
ated from either side of the machine. 

It will be clearly seen to what a variety of multiple spindle 
drilling such a machine can be adapted, the various adjust- 
ments provided for the heads permitting them to be accurately 
set at definite positions so that the machine can be used as a 
jig drill for accurate duplication of work. The drill is pro- 
vided with four spindle speeds and three feeds, and weighs, 
as shown, about 17,500 pounds. The manufacturers are 
Foote, Burt & Co., Cleveland, O. 


MACHINE FOR CUTTING OFF SELF-HARDENING STEEL. 
The Armstrong Bros. Tool Co., Chicago, Ill., who are the 
builders of the machine here illustrated, are also manufactur- 
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ers of tool holders for using self-hardening steel, and in this 
branch of their business they have had occasion to cut large 
quantities of this steel to lengths. Experience has taught 
that this class of steel gives best satisfaction if cut cold, al- 
though the ordinary shop practice has been to cut it hot or to 
break it on an anvil. The objection to the latter method is 
that the break is liable to be irregular, resulting not only in 
loss of steel but in increased grinding with waste of time and 
of emery wheels. After experimenting with various methods 
the builders adopted the machine here shown and it has 
given perfect satisfaction for a period of two years. The 
cutting is done by a disk of special grade of tool steel which is 
revolved at a high rate of speed. Any attempt to cut soft 
steel or ordinary cast steel with a disk results in a rough 
dragging cut, with flaring lips which bind the disk to such 
an extent as to reduce its speed to a point where it is inef- 
fective, if it does not actually bend or break the disk. Owing 
to the peculiar nature of self-hardening steel, however, it is 
not affected in this manner by the cutting disk, which makes 
in it, even when forced hard, a clean, clear-cut incision. The 
periphery of the disk is coated with self-hardening steel par- 
ticles, and these particles do the actual cutting. 

Having had many inquiries as to their method of cutting 
off self-hardening steel the manufacturers of this machine 
have decided to place it on the market in the combination 
form here illustrated. The steel cutting disk is mounted on 
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Machine for Cutting Off Self-hardening Tool Steel. 


one end of the spindle while the other carries a 12-inch grind- 
ing disk, the speed at which the spindle runs being such as 
to give the best results for both operations. Over the cutting 
disk is a guard which can be easily swung back out of the 
way when the disk is being changed. The swinging table is 
provided with a length gage and is conveniently adjusted both 
for depth of cut and to take steel of different sizes. The 
grinding disk is provided with an adjustable table so located 
that the operator will not interfere with long bars that are 
being cut off by the disk. 


VARIABLE SPEED MOTOR-DRIVEN SHAPER. 

The comparatively recent advancement in rapid machine 
work that has been made possible by the introduction of “high 
speed steels” has naturally called for changes and modifica- 
tions in the design of machine tools to meet the requirements 
of the increased duty which they are called upon to perform. — 
To meet this demand the Gould & Eberhardt Co., Newark, N. 
J., have been making a series of improvements upon their 
shapers which have resulted in the new motor-driven machine 
shown in the accompanying engraving. The builders are ad- 
vocates of the individual motor application to machine tool 
driving, in favor of which they cite many of the advantages 
embodied in their new shaper which would not be possible if 
the machine were one of a group, or where any change of 
speed of the motor would affect the speed of all of the ma- 
chines in the group. 

In the new shaper all of the operating handles are brought 
within easy reach of the workman, while some important de- 
tails formerly requiring hand adjustment are now made auto- 
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matic in operation. The position-fixing nut of the ram works 
on a finely toothed washer and seat, thereby avoiding slip, and 
is provided with an index finger reading the ram stroke in 
inches on the full sized scale H. A power down feed, not 
shown in the cut, can be attached to the pad L. This is reg- 
ularly furnished on the 28-inch and 32-inch shapers and is 
applied to the smaller sizes when desired. The head turns 


through a full circle and is graduated in degrees. 

The ram bearings are extended forward so as to give a long 
bearing in the frame when the ram is at extreme forward 
stroke. 


The vise has a large range and is provided with extra 


Electrically-driven Shaper. 


jaws for tapers and rounds while a pair of centers is fitted 
to the top of the regular jaws. The large base of the vise 
revolves through a full circle and is graduated in degrees. The 
outer end of the vise body is a steel casting thus providing 
a hard part of the body that can be hammered without harm. 
The pillar is extended in front, thereby adding substantially 
to the base area of the machine, and to this extension the 
knee-supporting truck 7 is bolted. The knee-elevating screw is 
operated by the shaft O, at the right end of the cross rail, by 
means of the same handle that operates the feed screw. The 
knee feed is by an eccentric groove in the side of the variable 
ram crank gear which oscillates the outside double-end rocker 
fork P, carrying a double threaded screw, and having the hand 
feed adjusting knob # at the top end. The pawl rod NW is 
jointed to the feed adjusting screw nut and a scale on the side 
of P shows the number of ratchet teeth covered by the pawl 


“Cleveland” Automatic Tapping Machine. 


movement. The pawl rod N automatically adjusts itself to the 
different lengths demanded by different cross rail heights, by 
means of two stop studs which limit the pawl arm travel each 
way and by a screw-adjusted, leather-faced friction slip device 
formed in the body of the rod N. The friction is enough to 
drive the cross feed but will yield, without damage to any- 
thing, if the knee is carelessly fed to the cross rail limit. The 
pawl ratchet carries a spur gear which drives the feed screw 
pinion so that wide feeds may be had, and different gears and 
pinions are used to give fine or coarse feed as may be required. 
The ram drive is by a slotted vertical lever with a sliding 
block and screw-adjusted crank wrist secured by nut D, which 
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is both hand and wrench tightened, so that the crank wrist 
shifting handle may be applied, and both hand and wrench 
nut tightening may be done without stopping the ram. The 
workman is thus enabled to vary both ram stroke and ram 
position without stopping the machine. 

The electric-driven shapers are made for both constant and 
variable speed motors. The constant speed motor requires a 
four-step cone on the armature shaft corresponding to the 
cone on the shaper for obtaining the variations in speed which, 
together with the back gears, give eight speeds. The illus- 
tration shows the shaper with a variable speed motor and a 
back gear speed change operated by the lever GO. In making 
the back gear change the pinion shaft is unclutched by a 
single motion of lever B, which has a brake attachment en- 
abling the operator to stop the machine instantly, at any part 
of the stroke. The motor shown is wound for any single 
voltage, direct current and is started by the knife-switch, K ; 
its speed is controlled by the rheostat knob R. and by the back 
gear change obtained through lever @. All of the ram stroke 
variations, from 100 strokes per minute single geared, to five 
strokes back geared, can be made inside of 10 seconds actual 
time. The hand-wheel @ on the other end of the pinion shaft, 
gives a very convenient hand movement of the ram, either 
Way, aS may be desired by the workman in setting the tool. 


THE “CLEVELAND” TAPPING MACHINE. 


The A. & C. Mfg. Co., Cleveland, O., nave recently placed on 
the market the automatic tapping machine shown in the ac- 
companying cut. It is designed for using taps of ™%-inch 
diameter and under, and can be fitted with any style of chuck, 
or tap holders of any required size can be furnished in place 
of the chuck. There is a sliding guide for the work so that 
accurate duplicate tapping can be performed. The reversing 
device is automatic, the machine reversing itself when the 
depth required has been reached by the tap. If a die be 
substituted for the chuck the machine can be used equally 
well for cutting threads. 


In the February number was published an item, credited to 
an English publication, regarding a transparent chart de- 
signed to facilitate the making of perspective sketches and 
drawings, without the usually tiresome process of finding the 
vanishing points and locating the different parts of the draw- 
ing in proper relation. We have since learned that this 
useful invention is an American production, invented and 
sold by Mr. G. Curtis Gillespie, Architect, 7 and 9 Warren 
street, New York, who will be glad to answer any inquiries. 


* * * 


FRESH FROM THE PRESS. 


THE DERRY-COLLARD Co., 256 Broadway, New York. Booklet entitled 
“Turning and Boring Tapers.” ‘This is the first of a series of practical 
papers intended to be of use to the man in the shop. These papers are 
to be uniform in size and style, and it is intended to treat of only 
one subject in each of them, so that any particular information desired 
may be had without purchasing a large volume. The price of each 
number is twenty-five cents. No. 1 contains information on the sub- 
ae pheke mentioned, simply and clearly treated, with numerous 
sketches. 


MoDHRN MACHINE SHOP TooLs, THEIR CONSTRUCTION, OPERATION AND 
MANIPULATION, by Wm. H. Van Dervoort. Published by Norman W. 
Henley & Son, 132 Nassau St., New York. 552 8-vo. pages.  Illus- 
trated. Price $4. 

This is a volume in which the readers of MACHINERY will take a 
personal interest, from the fact that Prof. Van Dervoort has been 
a contributor to our columns of extended series of articles, upon shop 
practice. These articles form the basis of this book, but have been 
revised or rewritten, and supplemented by extensive additions. 

ror a long time there has been a demand for a book covering the 
fundamental principles of shop work. In these days it is almost 
impossible for a machinist to become proficient in the use of all the 
different tools and machines found in machine shops, and the tendency 
is for a machinist to work indefinitely along certain lines instead 
of becoming an all-around mecnanic, as formerly. We believe, there- 
fore, there are a great many who will be glad of a reliable treatise 
that explains in a clear manner the simple elementary operations 
in using the tools—both hand and machine tools—most commonly 
found in shops. Such a book to be of real use should answer the 
questions that apprentices would ask and that a machinist would often 
like to ask were he not ashamed to do so. 

Prof. Van Dervoort has had exactly the experience needful for 
completing such a task, and he has succeeded admirably. He, him- 
self, is a practical machinist as well as a technical graduate. He 
has taught machine shop practice at the Michigan Agricultural Col- 
lege and the University of Illinois, and is now a machine shop pro- 
prietor, so that he has been able to face the subject from many sides. 
Naturally the numerous questions that would come from his students 
in teaching have been taken up and answered in the text. 

This is a book of reference that would be found convenient in every 
machine shop. Suppose it were desired to know how to cut bevel 
gears, to calculate milling machine spirals or to make countershaft 
calculations ; or to get information about tap drill sizes, the classifica- 
tion of files; change gear caleulations; deep hole drilling; turning 
tapers ; testing !athes, etc.; or any one of the numerous questions that 
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a little information might be desired upon occasionally—these pages 
would in all probability contain the satisfactory answer. The book 
will also prove a boon to students in manual training, as by study- 
ing its pages and applying its principles to the school shop, they 
will be able to acquire a good knowledge of shop practice. The book 
has numerous tables, and in addition to the chapters strictly on tools 
are several on fastenings, gearing, belting, shafting, and the treat- 
ment of steel. ‘The only criticism we have to make is with regard to 
the illustrations. They are well chosen and illustrate the text in 
a satisfactory manner, but many of them are made in a way to 
detract from the appearance of the work. There are nearly 700 of 
these illustrations and we trust that in future editions the publishers 
may see fit to improve the appearance of the book in this respect. 


Stream PownR PLANTS, [THHIR DESIGN AND CONSTRUCTION, by Henry C. 
Meyer, Jr. Published by the McGraw Publishing Co., 114 Liberty St., 
New York. 160 pages. Illustrated. Price $2. 

The matter in this book was written to give information to owners 
or managers of manufacturing plants and buildings, requiring power 
installations. While it is advised in the text to employ an expert 
engineer to superintend line operations it frequently happens that a 
man of mechanical training but without specific knowledge in the mat- 
ter of power station work has to make the plans and assume the 
responsibility. It is believed that this book will be of special value 
to this class and also to manufacturers who want to obtain some 
general knowledge of power plants from a technical standpoint. Many 
of the chapters in this book first appeared in the Hngineering Record. 
They are well ‘vritten. There are numerous illustrations taken from 
the pages of the Engineering Record which are not designed especially 
to illustrate the text, but are intended rather to be helpful to the 
reader, by the suggestions they may offer upon the subject of power 
installations. 


NEW TRADE LITERATURE. 


Tun Loop-Lock MAcHINE Co., Waltham, Mass., successors to the 
American Watch Tool Co. Circular giving illustrations of the Webster- 
Whitcomb lathe and attachments, with price list. 

THE ROCHESTHR MACHINE TooLt Works, Lrp., Rochester, N. Y. 
Catalogue of the ‘‘Acme” engines and boilers, for natural gas, kero- 
sene, coal, wood cr coke. These are built in seven sizes. The ‘‘Acme” 
stationary engines are also described and illustrated. 

H. W. JoHNS-MANVILLE Co., 100 William St., New York. Folder, ‘“‘How 
to Pack Gas Engine Cylinder Heads,” giving full instructions for cut- 
ting gaskets, preparing for the flange and applying the gasket so that 
the most efficient service may be obtained. This may be had by ad- 
dressing the company in New York, or at any of their branch offices. 

THb RAND DRILL Co., 128 Broadway, New York. Circular No. 2 
illustrating the “‘Imperial’ pneumatic tools manufactured by this com- 
yany. It describes various sizes of ‘Imperial’ air compressors, 
steam, belt or motor-driven : pneumatic tools, motor hoists, rock drills 
and air appliances of all kinds. Various classes of work per- 
formed by the aid of these tools are shown in the circular. 

H. B. UNnprRwoop & Co., Philadelphia, Pa. Catalogue 1903 of 
portable tools for railway repair shops. Among these are portable 
boring bars for boring out locomotive cylinders, for Corliss valve seats, 
and for general boring; boring bars for lathe work; portable valve 
seat rotary planing machines; locomotive cylinder or dome facing 
machines, crankpin turning machines, etc. Some useful tables are also 
given. 

PAWLING & HARNISCHFHGHR, Milwaukee, Wis. Unique little folder 
containing a list of users of this company’s cranes and hoists. The 
cover of this folder is only 8x414 inches, but the list is folded ac- 
cordion fashion and is (if we may be permitted to state it so) some 6 
yards in length, a large number of prominent firms being represented. 
A list 18 feet long of customers is impressive, to say the least. 


CHARLES H. Busty & Co., 15-21 Clinton St., Chicago, Ill.  Illus- 
trated catalogue, 1903, of the Gardner grinders, the Besly band 
grinders, and polishing machines, spiral circles for use on Gardner 


grinders, Helmet oil, Badger oil cups, ete. The Gardner grinders are 
shown in a variety of styles and sizes, and samples of the work done 
cen these grinders are also shown. This catalogue should prove useful 
to those interested in this company’s products. 

Tuy J. T. Stocomsp Co., Providence, R. I. Catalogue and price list 
of machinists’ tools. These include the Slocomb micrometer calipers 
in sizes from % inch to 12 inches. They also illustrate their 3-inch, 
6-inch and 12-inch micrometer sets in cases, which include the various 
sizes of micrometers for measuring different kinds of work; and 
their screw thread micrometer, with pointed tip for use when cutting 
screw threads. 

THP HENDEY MACHINE Co., Torrington, Conn. Illustrated catalogue, 
March, 1908, of the Hendey-Norton screw-cutting engine lathe. Those 
interested in this machine will do well to secure this catalogue, which 
contains full particulars as to its construction, and the uses to which 
it may be put. Sizes from 12-inch to 32-inch are shown, also four sizes 
of metric lathes. Pillar and traverse shapers in various sizes are also 


shown, and cuts appear showing the Hendey lathe, and also their 


shaper, arranged for motor-drive. 

THE S. OBERMAYHR Co., Cincinnati, Chicago and Pittsburg. 
describing the ‘Peerless’ follow board compounds for making fol- 
low boards for foundry use. The solid and liquid compounds are 
mixed until of a consistency thin enough to pour, and are cast around 
the pattern. Afler drying for 26 hours the pattern is removed and 
the follow board thus produced is ready for use. It becomes harder 
with age and the older the mixture, the better for practical use. 
Follow boards made up with these compounds are as strong as wood 
and will neither shrink nor swell; they produce perfect partings with 
sharp and durable edges. 

Ton New York BHLTING & PACKING Co., LTD., New York. 1903 
eatalogue of rubber goods for mechanical purposes. Rubber endless 
belts, rubber hose for use in air drill and pneumatie tool work, for 
ear heating, gas lighting, etc.; suction hose, fire hose, mill hose are 
here illustrated and described. Also a great variety of packings, such 
as high-pressure spiral piston and valve rod packing; hydraulic pack- 
ing, for cold water and high pressure; and ring and piston packing. 
Rubber tubing, and a Jarge number of rubber specialties are also manu- 
factured by the firm. 

THp NILES-BHMENT-POND Co., 136-138 Liberty St., New York. Cata- 
logue 9x12, of horizontal boring and drilling machines. This is a 
very handsome work, with excellent half-tone views of the above- 
named machines and text printed in neat, clear type. Here are il- 
lustrated horizontal boring and drilling machines with single and with 
double heads; single and double head drilling, tapping and stud-insert- 
ing machines; horizontal boring, drilling and milling machines, of 
which 19 sizes and styles are shown, the larger sizes for the heaviest 
Npw KNOWLEDGE ON BHLT MANAGHMENT, issued by the Cling-Surface 

Mfg. Co., Buffalo, N. ¥. 

This is a neat little book, bound in cloth, and is a very attractive 
bit of advertising literature issued by the makers of the Cling-Surface 
preparation for belts, to extend the knowledge of Cling-Surface and 
of the results obtained through its use. The principal part of the 
book is taken up by a concisely written article, upon Cling-Surface 
and Belt Management, by John H. Powers. It tells all about belts, 
their care and treatment, what they can be depended upon to do and 
what Cling-Surface has done for them. It is a practical little work 
and is very readable. 
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work. Then foilow illustrations of the work done on these machines, 
such as boring spindle bearings, boring and facing headstock bear- 
ings, and parallel holes at one setting, and milling» surfaces in 
places difficult to get at, ete. ‘The company also build a line of smaller 
horizontal drilling and boring machines with spindles from 244 to 6 
inches in diameter, for smaller work. 


MANUFACTURERS’ NOTES. 


In the description of the 34-inch Colburn vertical boring mill, pub- 
lished in the April issue of MACHINERY, we omitted the name of the 
selling agents of this machine. The Brown & Zortman Machinery Co., 
Pittsburg, Pa., are the exclusive selling agents. 

THE WhHSTERN Too, WorKS, Chicago, Ill., inform us that they ex- 
pect about May 1 to double their capacity and space. 


Tun Prprick & Aynr Co., Plainfield, N. J., notify us that Mr. Geo. 
E. Martin, formerly connected with them as superintendent of their 
shops, recently tendered his resignation which was accepted. 

Tup Parrerson Toot & SuppLty Co., Dayton, O., inform us that Mr. 
A. J. Strong, formerly head of the tool designing department, National 
Cash Register €o., Dayton, is now traveling salesman for their com- 
pany. 

THE ROBERTSON Mrea. Co., of Buffalo, N. Y., manufacturers of hard- 
ware specialties, grinding machines, mechanics’ tools, ete., inform us 
that they have removed their works from 203 West Utica St. to 14538 
Niagara St., that city. : 

Greorce BH. AFFLECK, 109 Liberty St., New York., dealer in all 
kinds of new and second-hand machine tools, has removed to 107 
Liberty St., where he will occupy the entire store, and will carry 
about four times the previous stock. : 

PAwLinc & HARNISCHFEGER, Milwaukee, Wis., had a fire at their 
works on the night of April 15, but fortunately it was confined to 
one building only, and they report that they were but very little handi- 
capped, the remaining buildings being ample to take care of their work 
and having immediately been adjusted to do extra duty. : 

Tue YaAup & Towner Mra. Co., 9 Murray St., New York, are offering 
prizes for information from mechanics concerning Triplex chain blocks, 
This contest is open to all, and practical statements are the only thing 
required, not fine writing. For further information regarding this, we 
refer those interested to the advertising columns of this number. 

Tub BurraLo Force Co., Buffalo, N. Y., announce the establishment 
of a new branch office at 1409 Majestic Bldg., Detroit, Mich. The 
offices are being equipped with every modern facility. As heretofore, 
the Michigan district business of the company will be in charge of 
Mr. H. M. Brightman. 

TH ARGUTO OILLESS BEARING Co., Wayne Junction, Philadelphia, 
Pa., have broken ground for an addition to their present plant that 
will double their capacity. The large and steady increase in the de- 
mand for their bearings has made the call for larger quarters im- 
perative. 

Ture MossperG & GRANVILLE Mre. Co., Providence, R. I, manu- 
facturers of presses, etc., have recently purchased the large factory 
formerly occupied by the Pheonix Iron Foundry, on Him _ Street, 
Providence, and will move into it on June 1. This company’s business 
has called for larger quarters for over a year, but it is only recently 
that a suitable location was found. 

THE WorcESTPR EMbRY WHEEL Co., formerly located at 100 Hx- 
change St., Worcester, Mass., have outgrown their old quarters and 
moved into their own plant on Chandler St. They have purchased 
the large four-story building recently occupied by the Optical Co. Mr. 
A. D. Putnam, formerly assistant treasurer of the Barnard, Sumner & 
Putnam Co., Worcester, Mass., has been made general manager. 

Tur NAarionaL Toot & STAMPING Co., Fort Wayne Junction, Phila- 
delphia, Pa., report that they haye been awarded a $40,000 contract 
for ‘vending’? machines by the Doremus Automatic Vending Co., 
New York. Mr. Stewart H. Heist is at the head of this company, which 
has only been equipped for business a few months. The concern will 
manufacture dies, tools, boiler punches and sheet metal novelties. They 
have a new process which they claim will harden and temper all kinds 
of springs, insuring a perfect product at very reasonable prices. 


MISCELLANEOUS. 


Advertisements in this column, 25 cents a line, ten words to a line. 
The money should be sent with the order. 


ADVERTISING and catalog expert of wide experience desires position 
with some Chicago house. Commission, salary or contract. Address, 
GREEN, care MACHINnRY, 66 West Broadway, New York. 


ADVICE, information or expert opinion on all matters relating to 
die-making, sheet-metal working, tcolmaking and interchangeable manu- 
facturing. Fees moderate. JOSEPH V. WOODWORTH, I. M. E., Sta- 
tion A, Brooklyn, N. Y. 


A NEW drill drift; always ieady; self-contained; quick acting; 
ne Bees needed ; low price. MARIA STEIN MCH. WORKS, Maria 
tein, 


BOOK, “DIES AND DIEMAKING,” 100 6x9 pages, $1, post paid; 
send for index. J. L. LUCAS, Bridgeport, Conn. 


BUYER wants position in Chicago. Thorough in machinery, tools 
and supplies. Address, BUYER, care MAcHINmRY, 66 West Broadway, 
New York. 


CORRESPONDENT of 10 years’ experience desires to locate in 
Chicago. Thoroughly competent with general office details and mail 
order business. Address, VARINTY, care MACHINERY, 66 West Broad- 
way, New York. 


ENGINE DESIGNER of wide experience, capable of developing a line 
of high-speed steam engines, wanted to take responsible charge of the 
drafting and designing department of a large and well-known New 
England firm. A permanent and growing position is open to a man 
of first-class executive and technical ability. Address, NEW HNGLAND, 
care MACHINERY, 66 West Broadway, New York. 


EXPERIENCED mechanical draughtsman wanted. Permanent em- 
ployment assured to rapid and accurate draughtsman. Address “MILL 
WORK, care MACHIN»RY, 66 West Broadway, New York. 


FOR SALE CHEAP.—An office telephcne system with five stations, 
in good order. Address, “TELEPHONE,” care of MACHINERY, 66 
West Groadway, New York. 


EXPERT Wrecking Crane Engineer seeks situation railroad or city 
job. First-class references. Reply to “CRANE HNGINEHR,” care 
MACHINDRY, 66 West Broadway, New York. 


Continued on page 38B 
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THE EVOLUTION OF THE CHANGE GEAR.—1. 


A STUDY OF THE UNITED STATES PATENTS ON LATHE CHANGE GEAR DEVICES. 


OSCAR E. PERRIGO. 


The question of the change gears of lathes and the great 
amount of time and inventive genius that has been devoted to 
the matter in the Jast few years would seem to render the sub- 
ject one of considerable interest to the men who design lathes, 
the manufacturers who build them, the men who buy or use 
them, and the men who are interested in the obtaining of 
patents upon their various and almost multitudinous devices. 

The matter has been taken up with the view to ascertaining 
what there may be in this line which has been secured in the 
United States Patent Office; to give diagram illustrations of 
the prominent features of each device in itself, and to compare 
and contrast its various claims to usefulness, both in a commer- 
cial and in a practical way, with other inventions of its class. 

It is undoubtedly true that there may be very commendable 
devices on the market to-day, put forth on a quasi claim of 
being patented, which have never seen the inside of the Patent 
Office, except possibly to be put on the immense list of rejected 
applications. 

The careful and methodical reader is assured that although 
the copies of no jess than one hundred and fifty-six patents 
have been considered, covering as they do many phases of 
variable speed mechanism, the twenty-seven patents herein- 
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same subject a great deal better and a great deal more correct 
than the author has done. It will serve several useful pur- 
poses. The general public will get the benefit of your special 
knowledge, the editor will pay you well for it, and you will 
have eased your mind; thus combining a public duty with 
pleasure and profit to an eminent degree. 

One of the features in patent drawing which strikes a prac- 
tical mechanic very forcibly is that very few of the drawings 
are so made that even an operative model could be made from 
them, much less a practical working machine, without supply- 
ing much in the way of mechanical detail and design. Var- 
ious views and groups of parts are found utterly impossible 
to assemble as they are drawn. Sometimes in two adjacent 
views one is reversed and not a similarity of form or the pres- 
ence of reference letters to show the fact. In one case a 
sliding piece was required to move fifteen inches and had 
formed upon it a rack which could not be cut with over three 
teeth to an inch, and this was operated by an eight-tooth pin- 
ion on the end of whose shaft was a lever which could move 
only through an arc of 90 degrees, hence the rack would move 
less than an inch instead of fifteen inches. And so on ad in- 
finitum. 
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after described and illustrated contain all of the subject matter 
from the patent of Bancroft and Sellers in 1854 to that of 
Johnson, August 12, 1902. 

And in reviewing these various patents the first considera- 
tion has been to get at the germ of the invention, to illustrate 
its good points “for all they are worth,’ and in comparison 
with others to give all due credit which the mechanical knowl- 
edge of the writer feels to be fair and just. If inventors feel 
that their devices are underrated they are heartily assured 
that there is no desire te in any way belittle their work, but 
rather to bestow “honor where honor is due.” 

It would seem appropriate just here to mention some of the 
points which impressed themselves on the mind of the writer 
during the long and careful consideration of this subject. Of 
course it is expected that there will be those who will not 
agree with the writer’s opinions or deductions as to the 
construction or merit of the various inventions. To these 
good people there is one thing to be said. It is this. When 
you don’t like what is said and you feel like criticising these 
articles (or any statements made in them) which are con- 
tributed in an honest effort to advance the general knowledge 
of the subject; don’t get indignant and rush into print. Work 
off your surplus bile in some other way, and when you have 
arrived at the blissful condition of superiority of judgment 
necessary for the occasion, sit down and write an article on the 


It frequently happens that inventors are not practical men 
from a commercial point of view. Their devices may posséss 
merit, but it is frequently so covered up with unnecessary 
complications (by machinists called “traps”’), that they aré 
of little commercial value until these idiosyncrasies are elimi- 
nated by a practical man who has the ability and foresight to 
seize the germ of the invention and to so arrange the con- 
struction of the device as to make it of real commercial use 
and value. This frequently amounts to the mechanic making 
almost the entire invention, and in reality to his rendering it of 
practical value. At the same time he seldom gets any credit 
for what his mechanical ability has produced. 

From time immemorial it has been one of the vexing ques- 
tions in the blacksmith shop as to which was the first of the 
blacksmith’s tools, the hammer or the tongs. If the question 
was asked, Which one of the machines was first used in the 
machine shop, nearly every machinist would unhesitatingly 
say, the lathe. And while the lathe is also probably the oldest 
of machine tools, it is the most important in many respects to- 
day. Many of the other machine tools might be spared and 
the work done in some other way. But the lathe is the one in- 
dispensable machine that the machinist must have. With it 
he can turn, bore, face, mill, plane, slot, and in fact do almost 
every kind of work done by any machine tool in the shop. 
It is verily the king of machine shop tools. And yet, while 
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it is probably the first machine tool devised, it is only in com- 
paratively recent years that it has arrived at anything like its 
present state of perfection. 

In considering the subject of change gear devices for lathes 
it may be well to refer briefly to the early history of turning 
lathes and then to their later development, not only of the 
devices for thread cutting, but of the lathe itself. Going back 
to the early history of the lathe, we know that Theodorus of 
Samos, B. C., 560, is said by Pliny to be the inventor of turn- 
ing, but while many believe that this species of “turning” 
perhaps referred to the “Potter’s Wheel,” used in forming 
clay into circular vessels, it is undoubtedly true that the 
“Potter's Wheel’ was known centuries before, since it is 
several times spoken of in the old testament. 

It seems to be a fairly well conceded fact that the first 
turning lathe ever devised was a very crude affair and con- 
sisted of a spindle pivoted to two trees 
or to blocks fastened to the trees and 
propelled by a cord whose upper end was 
attached to a flexible limb of one of the 
trees, from whence it passed down to 
the spindle, took a turn around it, and 
then continued down to a treadle to 
which the power was applied. It is 
probable that in its gradual] development 
a balance wheel may have been attached 
to the spindle and that it was propelled 
by an assistant. Later the idea of a 
crank was probably added and some 
sort of pulleys, most likely grooved 
ones, were discovered and the convenience of increased speed 
made possible. Thus far it is likely that the use of the lathe 
was for turning articles of wood or ivory, but it was not a 
long step to turning articles of metal. Thus these simple me- 
chanical contrivances were devised for the use of the early 
mechanics, who in their gradual improvements must have 
hit upon the idea of screw threads for bolts used in fastening 
their work together. While it is probable that Archimedes, 
GB. C. 287, had an idea of the form of a screw it was a long 
while after his time before the idea was applied to the forma- 
tion of screw threads as we know them to-day. It is probable 
that the first screw threads were made on wood and that they 
were “chased” with a hand tool. The writer remembers an 
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Fig. B. Development of 
Screw Thread. 
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justed in proper supports and the one driving the other; a 
slide carrying at one end a former point 0, engaging the 
thread and at the other a cutting tool D, for chasing the 
thread. From this device doubtless proceeded the idea of 
making the screw a permanent part of the lathe, with a nut 
which was attached to the sliding part, or carriage. This had 
been preceded, probably, by other means of moving the carriage 
for plain turning, such for instance as the old time “chain 
feed.” The “master screw,” “traveler screw,” or “lead screw,” 
as it was variously called, was for a long time placed at the 
back of the bed and in the earliest examples was revolved by 
gearing made by inserting pins in the face or in the edge of 
wheels or disks. It is altogether probable that for a long 
time only one pitch of thread was cut by a “master screw,” 
and that when another pitch had to be cut another “master 
screw” was required, as the “master screw” revolved at the 
same rate of speed as did the head spindle of the lathe. 

Then followed the idea of revolving the “master screw” at a 
different rate of speed from that of the spindle for the purpose 
of cutting a different pitch of thread from that of the “master 
screw.” When this was once done, it was easy to see that if 
two pitches of thread could be cut with one “master screw,” 
any other number of threads might be cut by similar means. 
In order to cut both right- and left-hand threads, as well as to 
conveniently bring the change gears into engagement with 
each other, the stud plate (or “quadrant,’ “swing plate,” 
“yoke plate,’ etc., as it has been variously called), was de- 
vised, with its stud for idle gears and an extra stud for the 
gear necessary for reversing the motion of the lead screw in 
cutting left-hand threads. Thus the well known change gears 
and adjustable stud plate came about and did good service for 
many years. But the restlessness of mechanics and the ever- 
present desire for improvements in time led investigating 
workmen to look for some method by which to avoid even the 
small labor and inconvenience of changing the gears when a 
different thread was to be cut. 

In order to illustrate some of the earlier forms of lathes the 
one on the first page is shown. This lathe was _ prob- 
ably built about 1830 and was the property of an old Scotch 
mechanic named Rea, who had a shop about four miles from 
Plattsburgh, N. Y. The bed was composed of two oak timbers 
about 5 x 12 inches, bolted to wooden legs, as shown. On the 
inside of each timber a rabbit was cut, in which were fastened 
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Fig. C. Early Method of Cutting Threads. 


old shop in the country where, in a certain form of woolen 
spinning devices a worm and worm gear was wanted and it 
was made by wrapping a piece of paper around the turned 
cylinder which was to be the screw, and cutting through this 
with a knife so that it would become the exact development of 
the surface of the cylinder. This paper was then laid off for 
the pitch as shown in Fig. B. It was then glued around the 
cylinder and the diagonal lines became the developed screw 
thread. Then with a fine saw, a chisel and a file the thread 
was cut in a proper V form. The wooden wheel was spaced off 
and the teeth cut in a similar manner, not with a curved 
pitch line, of course, but straight as in a spur gear. It was 
surprising what an amount of wear these crude worms and 
wheels would stand. 

Following along in the gradual development of mechanical 
devices threads were cut on metal, “chasers” still being used 
for this purpose. With the crude hand tools then in use, this 
was a very slow and laborious process until some genius more 
far seeing than his fellows developed the idea of cutting a 
thread from one already made, on the principle of the “gauge 
lathe.” This idea is illustrated in the accompanying sketch, 
Fig. C, in which such a lathe is shown in plan, and in which 
A is the screw already cut; B is the piece to be threaded, ad- 


flat bars of wrought iron, set with the edges up, and about 
5g x 3 inches, the upper edges being chipped and filed to answer 
for Vs. The head stock was cast with pockets of square form 
for the boxes, which were fitted by filing, and also had 
threaded studs of wrought iron cast in the head for holding 
down the caps over the boxes. The boxes were cast of some 
sort of a composition resembling babbitt metal. The spindle 
was of wrought iron and carried a wooden cone of three 
steps built upon a cast-iron flange keyed to the spindle. The 
tail stock was very light and had on the rear end of its spindle 
a downwardly projecting part, slotted to receive the tail screw, 
which was provided with a crank forged upon it. Both head 
stock and tail stock were held in place by a single bolt each, 
passing down through wooden’ binders (not shown in the 
cut). The carriage was fitted to the same Vs as the head and 
tail stocks and had no more pretence to an apron than a 
bracket carrying a cast-tooth pinion meshing in a cast-tooth 
rack screwed to the front of the bed. The carriage was held 
down by a cast-iron weight as in all the old style of “weighted 
carriage” lathes. A power feed was provided for by the use 
of a chain passing over two grooved wheels in which were 
pins for engaging the links of an ordinary “log chain.” This 
was operated by a worm wheel with cast and chipped out 
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teeth and a worm of only two or three turns of thread. This 
was driven by grooved cone pulleys carrying a half inch 
round hand-made leather belt. To stop and start this feed 
the end near the cone pulley was journaled in a pivoted box, 
and the other end supported in a vertically sliding box oper- 
ated by a wooden lever which was conveniently hooked under 
a spike driven.into the front of the bed. This feed mechan- 
ism was said to have been a comparatively recent addition to 
the lathe. 

When the writer saw this lathe along in the beginning ot 
the civil war it had an arrangement of change gears with 
cast teeth somewhat like the move simple lathes of today so 
far as its action was concerned; but hanging on the wall in 
the old shop and carefully treasured as relics of bygone days 
were the old “pin gears’ and “lantern pinions’”’ shown in the 
engravings. It was noticeable that one of these “lantern 
pinions” (the lower one in the engraving), was much longer 
than the other. This was probably to accommodate different 
sizes of “pin gears’ on the lead screw so as to cut varying 
pitches of threads. 

This lathe was in practical use in 1875, and as its old-time 
Scotch owner quaintly remarked, it was “able for monny a 
guid turn yet.” 

Recurring now to the gradual development of the Jathe in 
reference to the thread cutting problem by the interchange of 
gears for producing varying pitches, and finally without remov- 
ing or replacing ‘‘change gears,’’ we come to the consideration 
of the actual evidences of what has been done, and the legal 
proof of the same as shown by the records of patents in the 
United States Patent Office. In reviewing the mass of draw- 
ings, specifications and claims on these various points, cover- 
ing the changes invented and proposed, we find many which 
are for the purpose of changing the rate of feed for ordinary 
turning, and these have been omitted as not properly con- 
cerned in the subject of “The Evolution of the Change Gear.” 

In presenting the drawings of patents to illustrate these 
articles, it will be noticed that they are in the form of dia- 
grams only, showing in a condensed manner the prominent fea- 
tures of the invention. In some cases as many as four sheets 


of drawings are here shown in three or four views, for the 
purpose of simplifying the matter and economizing space. 
Gears are represented in side elevation by circles of heavy 
dotted lines and shaded to show their convex surface where the 
edge view is presented. 
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Fig. 3 
Edward Bancroft and William Sellers. No. 10,491, Feb 7, 1854. 


So far as we have any Patent Office records of the matter, the 
first serious attempt made to assemble all the change gears 
on one shaft appears to have been made by Edward Bancroft 
and William Sellers, of Philadelphia, Penn., who obtained 
patent No. 10,491, which was dated February 7, 1854. They 
placed the change gears directly upon the lead screw, the 
first or smallest gear having formed upon it a sleeve bored to 
fit the lead screw, and having fitted upon it the next gear 
having a like sleeve for the following gear, and so on. These 
gears were all held in place by a disk fixed to the lead screw 
Either of these gears could be in turn fixed to the disk by a 
pin passing through them both. The arrangement in con- 
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nection with the lathe is shown in the accompanying illus- 
tration, in which Fig. 1 is a front elevation; Fig. 2, an end 
elevation, and Fig. 3, a plan of the Bancroft and Sellers lathe. 
Fig. 4 shows the manner of forming the gears with telescop- 
ing sleeves, and the fixed plate with its removable pin a, for 
bringing any desired gear into action. The first claim of these 
pioneers in the change gear problem is worthy of careful 
consideration. It is as follows: ‘The method of varying the 
motions of the mandrel and screw-shaft or leader by means of 
two series of wheels, each series consisting of wheels of differ- 
ent diameters, and all the wheels of one series being connected 
and turning together, and imparting motion to all the wheels 
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Fig. 3 


John Humphreys. No. 83,774, Nov. 3, 1868. 


of the second series with different degrees of velocity, sub- 
stantially as described.” It will be observed that this claim 
practically anticipates several of the later devices which have 
been popularly supposed to be the first of the kind, and whose 
inventors have been given credit accordingly. 

John Humphreys, of Chicopee, Mass., was apparently the 
next inventor who added much to the then “state of the art” 
as disclosed in his patent No. 83,774, which was granted No 
vember 3, 1868. He appears to have followed Bancroft and 
Sellers in the idea which years later became so popular, for 
he says: “I place my gear wheels all on a shaft, ranging 
from the smallest to the largest, leaving a space between 
them of about the same width as the wheels themselves.” 
This space was provided so that his connecting pinion jour- 
naled in a “traveler” as he calls it, and could relieve itself from 
engagement with one gear before it came in contact with 
the next, as he had not provided for throwing it entirely out 
of gear before moving it laterally, as was done later. Another 
feature apparently original with him, was that of obtaining 
an additional series of pitches by means of a yoke, pivoted on 
the same secondary shaft that his traveler worked upon, and 
having two idle gears journaled upon it, by which either 
a small gear or one double the size could be quickly brought 
into engagement with the gear on the secondary shaft. Both 
these essential features of Humphreys’ patent have figured 
extensively in most of the later efforts in the attempt to 
provide for rapid changes of feed or from one pitch to another 
through a large number. Fig. 1 is a front elevation of his 
lathe head, showing the shifting lever a, held at the desired 
point by the pin b. Fig. 2 is an end elevation showing the 
essential features. Fig. 3 is a development of the cam-shaped 
rack c, which held the traveling pinion in contact with each 
gear of the cone of gears as it came into mesh with it. The 
arrangement for multiplying or reducing the speed by gears 
of double the number of teeth is shown at d, e, f, g, journaled 
upon studs fixed in the yoke h, held in either position by the 
pin j. The lead screw k was placed within the bed. Upon the 
shaft 7, both the yoke h and the sliding lever m are journaled 
and the connecting pinion » is splined. The pinion o connects 
with the cone of gears p, from whose shaft q the gear r en- 
gages the gears on the lead screw k. 

Three years after Humphreys’ patent Frederick B. Miles, of 
Philadelphia, Pa., in patent No. 111,859, granted February 14, 
1871, came still nearer to solving the problem by mounting 
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all his change gears on the lead screw. The end of the head 
spindle projected far enough beyond the rear box to carry a 
sliding gear controlled by a “traveler” as Humphreys called iG, 
and having journaled on it an idle gear that might connect the 
sliding gear with any one of the change gears, at will. It 
was held in place by being clamped to a rod fixed in the 
head stock and parallel to the head spindle. He also pro- 
vided on the lead screw a gear much larger than the change 
gears for use as a feed gear for a turning cut, there being no 
feed rod provided for. A front elevation is given ih Fig. 1; 


Frederick B. Miles. No 111,859, Feb. 14, 1871. 


an end elevation in Fig. 2; a plan in Fig. 3, and a detail of the 
bracket carrying the connecting pinion in Fig. 4. It is not 
likely from the construction that it was practical, as the tor- 
sional strain caused by the pressure of the gears of the cone 
of gears and the pinion on the head spindle with the con- 
necting pinion would probably have wrecked the device in a 
short time. But the idea was evidently there and only needed 
developing in a practical manner. The drawing is so simple 
that it is only necessary to specify that the sliding bracket 
or arm seen in Fig. 4 is shown in position at a, Figs. 1, 2, and 
3, and the supporting rod to which it is clamped is shown at 
b. This arm is secured in any desired position by the clamp- 
ing lever c and its bolt. 
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William Bley. No. 156,758, Nov. 10, 1874. 


William Bley, of Reesville, Pa., was the next man to record 
his ideas in the patent office. He did not add much to the sub- 
ject, his modification being that of providing two supplemen- 
tary shafts, upon each of which is mounted a set of change 
gears in reversed order. One set was fast to the shaft, while 
the other set ran loose on the shaft and was in turn brought 
into action by a series of clutches splined to the shaft, each 
clutch serving for two gears. In this way about three and a 
half feet of space inside of the bed would have been required 
for a twenty inch swing lathe. In the drawings, Fig. 1 repre- 
sents a front elevation of the lathe; Fig. 2 is an end elevation, 
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and Fig. 3 is a plan of the bed showing the arrangement of 
the supplementary shafts, gears, clutches and the operating 
levers. The gears h, i, k run loose on their shaft and are. con- 
nected with it as desired by the adjacent clutch. The gears 
e, f, g are fast to their shaft and are, of course, each driven 
by its opposite gear whenever the clutch is thrown ifito en- 
gagement. The driving power to the lead screw is transmitted 
through the gears a, b, one of the gears e, f, g, and their fel- 
lows h, i, k, and the gears c and d. In an operative lathe there 
would need to be many more gears, as the arrangement shown 
would cut but three different pitches and two more gears 
would need to be added for each pitch. This would be an 
elaborate arrangement and scarcely practical, as may easily be 
seen. 

Charles William Riley, of Knoxville, Tenn., next tackles the 
change gear problem, and the results of his efforts are elab- 
orately shown in the three sheets of drawing of Patent No. 
233,702, granted October 26, 1880. If Humphreys had one 
set of change gears arranged in conical form, and Bley had@ 
two, Riley seems to have been determined to outdo them both 
by providing fowr, aggregating in all twenty-four gears, by 
which he could cut fifteen different pitches. He makes this 
somewhat remarkable statement: “In a planing machine it 


has been proposed to use two intermeshing series of gear 
wheels, the wheels of: one series running loosely on their 
spindle, and capable of being individually connected thereto 
at will.” 
into general use. 


It does not seem that the proposed plan ever came 
Another statement in this specification is 
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Charles W. Riley. No. 233,'702, Oct. 26, 1880. 


of more importance. It is this: “I am aware that it is not 
new to construct a feeding mechanism of two series of inter- 
meshing gear wheels, the wheels of one series fixed to their 
shaft, and the wheels of the other series revolving loosely 
upon, but capable of being individually keyed to their shaft.” 
Fig. 1 is a front elevation and Fig. 2 is an end elevation of 
this device, while Fig. 3 is a longitudinal section of the ar- 
rangement for operating the locking keys. In this part of the 
device the sleeve v may be moved in or out so as to bring the 
key w into engagement with any one of the series of gears. 
When in the proper place the key # is forced in or out by 
the rod o, in which is fixed the pin q, operating in an inclined 
slot for that purpose. The sleeve v is held in any desired posi- 
tion by means of the sliding arm H, traveling upon the square 
bar M, to which it may be fixed by the pin ¢, fitting into one 
of a series of holes in the bar M. The device at C is of the same 
construction and operation. Motion is transmitted from the 
gear a, on the head spindle A, through the gear c, the cones 
of gears on shafts ( and EF to the gear e, thence through the 
gear d to the connecting cones of gears on the shaft D, to that 
on the lead screw B. While this device would no doubt accom- 
plish what it was designed for, it seems much too compli- 
cated for convenient use or long wearing qualities. 

The patent of Andrew Hyde, of Hatfield, Mass., which was 
granted October 4, 1881, and is numbered 247,764, appears to 
be in the nature of a combiration of the ideas of Humphreys 
as to the “traveler” with its sliding pinion and that of Miles, 
with his cone of gears, placed closely in contact with each 
other. In fact the sliding pinion arrangement is the same 
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as that adopted by Miles except that his method of locking 
it is different. The driving is effected through a stud or 
head shaft connected by gears within the head as some lathes 
are now constructed. There is nothing really new about it 
except the method of locking the sliding pinion bracket. His 
idea of arranging the set of gears in the form of a double 
cone, with such gears as cut even pitch threads on one end 
and those which cut odd pitches on the other could hardly 
be classed as an invention. The result did not mark any 
distinct step in advance. Fig. 1 is a front elevation and Fig. 
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Andrew Hyde. No. 24'7,764, Oct. 4, 1881. 


2 is an end elevation of this device. The sliding frame or 
traveler K, carries the gears G and L, journaled in it, the 
former splined upon the head shaft J. By this means the 
motion is communicated from the head gears a, 0, c, to any 
one of the gears of the double cone, and held in position by 
the clamping screw 0, whose lower end rests in one of the 
recesses in the bar R. One difficulty of this arrangement 
would be the crowding together of the gears when the lathe 
was running one way and the strain to force them apart 
when its motion was reversed. Probably the noise produced 
by such an arrangement of gears would be anything but 
pleasant. The long overhang of this double cone of gears 
would be very objectionable. 

Patent No. 252,760, dated January 24, 1882, and issued to 
George A. Gray, Jr., of Covington, Ky., relates to the method 
of arranging the usual change gears, in which the stud plate 
is pivoted upon the stud or head shaft and carries always 
the same idle gears. The lead screw having a four-pitch 
thread and the change gears varying by six teeth each from 
12 to 72, and the stud gear having 24 teeth, made a conveni- 
ent arrangement; and changes were made by removing one 
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Fig. 1 


George A. Gray, Jr. 


No. 252,760, Jan. 24, 1882. 


gear only and replacing it by another, the stud plate being 
adjusted accordingly. This saved the changing of the idle 
gear, and cut threads from two to twelve per inch. In the 
drawings, Fig. 1 is a front elevation, and Fig. 2 is an end 
elevation of the device, while Fig. 3 shows the stack of change 
gears which were used upon the lead screw (@ only. The ar- 
rangement of the stud plate R, journaled upon the head shaft 
and held at any desired point by a clamping bolt, is in the 
ordinary manner. While the inventor did not avoid taking 
off a gear and substituting another for each different pitch, 
it was probably a more satisfactory and practical arrange- 
ment than some of the more complicated and pretentious de- 
vices, and no doubt served a good and useful purpose. 

The ear-marks of a practical mechanic are quite visible in 
Patent No. 462,481, granted November 8, 1891, to Joseph 
Flather, of Nashua, N. H. In this case instead of one fixed 
feed gear on the main spindle of the lathe, three or more gears 
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of varying sizes are fixed thereon. On the head shaft or 
stud are the same number, and of corresponding sizes loosely 
fitted and adapted to be engaged individually by means of a 
sliding rod and pin, the stud being made tubular for that pur- 
pose. A simple and effective arrangement of driving the 
feed rod is provided, which does not affect the subject herein 
discussed. In the drawings, Fig. 1 shows a front elevation 
of the invention, and Fig. 2 is a longitudinal section through 
the cone of gears on the head shaft. Upon the head shaft 
or stud @ and upon the lower lead screw L are fixed and oper- 
ated, change gears in the usual manner, except that the value 
of each change gear in screw cutting is multiplied by the 
number of feed gears on the head spindle. So that while 
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Fig. 1 


Joseph Flather. 


No. 462,481, Nov. 3, 1891. 


Riley, for instance, used twenty-four gears to cut fifteen 
threads, Flather needs but eleven, or less than half the num- 
ber. The gears d, e, f, on the head shaft are arranged as 
shown in Fig. 2. The center gear e, being of necessity bored 
entirely through at an enlarged diameter to accommodate 
the sliding pin device, is held in position concentrically by 
a projecting ring formed upon it and fitting into a suitable 
annular recess in the gear d. The gear f has a clutch mem- 
ber extending into the gear e. The operating rod, p, carries 
a pin, g, which engages the clutch member of either of the 
three gears as desired. 

On February 2, 1892, Peter and William Shellenback, of 
Richmond, Ind., were granted Patent No. 468,183. These in- 
ventors fix a cone of gears on a sleeve splined and sliding 
upon a driving shaft located within the bed, and moved to 
any position desired by a pinion whose teeth engage with a 
series of grooves turned in a projecting end of the sleeve, 
forming in effect a rack. This pinion is fixed upon a shaft 
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Fig.2 
Peter and William Shellenback. No. 468,188, Feb. 2, 1892. 
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projecting out at the front of the head, where it is controlled 
and held in position by a lever provided with a spring pin 
adapted to enter any one of the holes in a fixed segment. 
Journaled upon an intermediate shaft located in the head 
above the driving shaft are the usual driving pinion and an 
intermediate pinion journaled on a swinging arm operated and 
held in position by a shaft and pinion engaging teeth cut on 
a segmental portion of it. This pinion is fixed upon a shaft 
which projects outside of the end of the bed, where it is oper- 
ated and held in position by a lever swinging over a segment 
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and provided with a spring pin which enters any one of a 
series of holes in the segment. The peculiarity of this ar- 
rangement is that instead of the usual “traveler” with its two 
pinions for connecting the shaft upon which it slides to any 
one of the series comprising the cone of gears, the cone of 
gears itself slides bodily to any one of the required positions. 
Among other things the inventors say: “In many kinds of 
work it is desirable that the carriage should move in one 
direction while the tool is cutting, and when the tool is with- 
drawn from the work it should return to the starting point 
to enable the tool to make a fresh cut.” Perhaps we ought to 
be grateful for this information. In the drawings, Fig. 1 is 
a front elevation, showing the bed and a portion of the head 
in vertical section, and Fig. 2 is an end elevation. Power 
for driving the lead screw is transmitted from the head 
spindle through the gears a, b, to a fixed stud c, having journ- 
aled upon it the two gears d, e, which are fixed to each other 
and mesh into the gears f, g, on a supplementary shaft h, to 
which either may be connected by a sliding key operated by 
the rod k. Upon the shaft h is fixed the toothed segment 1, 
which is operated by the shaft m, having the pinion n formed 
upon it. Fixed also to the shaft h is the arm o, having 
journaled to a stud fixed in it the connecting gear p. This is 
continually in mesh with the gear q, fixed to the shaft h, and 
capable of being brought into engagement with any one of the 
cone of gears fixed upon a sleeve splined to the shaft i, as 
they are brought opposite to it by the action of the toothed 
segment s, engaging in the grooves of the sleeve ¢, to which 
the gears 7, r, 7, r, are fixed. Motion is communicated from 
the shaft i, through the gears wu, and v, to the lead screw 2. 
Motion may also be communicated by way of the gear g, 
without bringing the cone of gears into use. 
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Fig. 2 Rice 
Wendel P. Norton. No. 4'70,591, March 8, 1892. 


We now come to a patent which has probably caused more 
interest and discussion on this subject than any one previous 
to its issue. It is No. 470,591, and was issued March 8, 1892, 
to Wendel P. Norton, then of Mount Vernon, N. Y., but later 
of Torrington, Conn. It contains some of the good ideas of 
the earlier inventors, now brought into good mechanical form 
and combination for producing practical results. Humphreys 
in 1868 introduced the cone of gears. They are here. He 
wrote: “I place my gear wheels all upon a shaft A, ranging 
from the smallest to the largest.” Norton says: “On the 
shaft A, and within the box B, are secured a series of gear 
wheels H, of varying diameters, arranged step-like,’ etc. 
Humphreys placed his gears a little more than the width of 
the face apart. Norton places his close together, like Miles 
in 1871 and Hyde in 1881. The clumsy arrangement of Hum- 
phreys’ “traveler,” Miles’ “movable swinging arm” and his 
“shifting clamp,’ and Hyde’s “sliding frame,” is replaced by 
a compact and well-arranged sliding, forked lever, carrying 
the connecting pinion. Altogether it is a good example .of 
how the crude efforts of early inventors may be, by the pres- 
ent advanced state of mechanical knowledge, put into prac- 
tical and useful combination. In the drawings, Fig. 1 is a 
front, and Fig. 2 is an end elevation of this device. Motion 
is communicated from the head spindle by way of the usual 
head shaft and the gears a, b, c, to the supplementary shaft 
H, upon which is fitted the sliding arm G, the latter carrying 
a gear splined to the shaft H, and also the connecting pinion 
F, journaled in it, and capable of connecting with either of 
the gears EH, E, H, etc., on the shaft A. This sliding lever G, 
is conveniently arranged with a handle, and a thumb-lever K, 
having formed upon it a pin entering any one of the holes 
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in a fixed plate J, its position first being readily located by 
a series of notches in the lower edge of the plate into which 
a portion of the lever G, enters. The pin on the lever K, 
finally secures it accurately in place. The device has been 
for several years in practical use in many shops in this coun- 
try. 

There is nothing especially noticeable in the effort of Will- 
iam Shellenback, of Richmond, Ind., who on April 10, 1894, 
obtained Patent No. 518,164, for his device, in which he 
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Riga Fig. 1 
William Shellenback. No. 518,164, April 10, 1894, 

placed a cone of gears on a shaft within the bed and applied 
the much-used traveling pinion to connect its different gears 
with the driving shaft above it. In the drawing, Fig. 1 is a 
side elevation, and Fig. 2 is an end elevation of the device. 
A yoke plate e, carries a stud upon which are journaled the 
flanged gears c, d, which may thus be brought into action by 
sliding them upon the stud, their flanges retaining them in 
place. By this means a second series of speeds produced by 
the cone of gears is obtained. The shifting lever g, is journal- 
ed upon the supplementary shaft f, and has journaled upon a 
stud fixed in its lower end the connecting gear h, by which 
the gear i, on the supplementary shaft f, is connected at will 
with any one of the gears k, k, etc., of the cone of gears 
splined to the supplementary shaft L, which is connected with 
the lead screw M, by a Short transverse shaft extending 
through the front of the bed and operated by miter gears. 
While the space within the bed affords plenty of room in 
which to place any number of gears and their necessary ap- 
pendages, and while they are out of the way more than if 
placed in front of the bed, the device has the disadvantage of 
being difficult to get at in case of accident, and until we can 
do much better in our designs and workmanship, and have 
a higher grade of operatives to attend them, accidents will 
sometimes occur to the best constructed machinery. 

The second patent of Wendel P. Norton, viz., No. 519,924, 
granted May 15, 1894, was not properly for change gears, but 
intimately connected with them inasmuch as it was for a 
compact and well-devised method of reversing the motion of 
the change gears by means of three miter gears located within 
the lathe head and conveniently operated by proper levers 
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Fig.2 Fig. 1 

Wendel P. Norton. No. 519,924, May 15, 1894. 
and a reversing rod worked from the lathe apron, thus form- 
ing an automatic stop. In the drawings, Fig. 1 is a front, 
and Fig. 2 an end elevation, a portion of the head being 
shown in vertical section in Fig. 1 for the purpose of more 
clearly showing the reversing device. Power to operate the 
lead screw through the medium of the device shown in his 
Patent No. 470,591, is transmitted from the head spindle 
through the gears a, b, c, to the head shaft d, which has 
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loosely journaled upon it the miter gears e and f. Both of 
these gears are in mesh with a third miter gear 9g, located in 
their rear and journaled upon a fixed stud. Between the 
miter gears e and f, there is a clutch splined upon the head 
shaft a, Fig. 2, with clutch members formed on each face and 
adapted to be engaged with similar clutch members formed 
on either of the miter gears e and f. This clutch is operated 
by the levers h, i, j, and the tumbling rod k. This device is 
really a continuation, or rather perhaps the completion of the 
device shown in the former Norton Patent No. 470,591, so that 
he accomplishes, not only a great number of changes, but 
also reverses them at will or automatically. 
* * * 


RECOLLECTIONS OF AN ENGLISH MACHINE 
SHOP. 


C. VICKERS. 


Twenty-five years ago I made my first attempt to learn a 
trade in the machine shop of one of the largest engineering 
works in the Eastern counties of England. I was then a boy 
of 14, and had decided to become a fitter, chiefly because the 
word “fitter” sounded better to my ears than “turner.” Ma- 
chinists in those days in England—and probably now—were 
known either as “fitters,” “turners,”’ or “erectors,” the word 
“machinist” not being used. A fitter was a vise hand; a 
turner, a lathe hand, and an erector assembled the different 
parts and built the machine. So I was provided by my parents 
with the regulation white overalls and jumper of the machin- 
ist, and started to work in the turning gallery. 

The turning gallery was a balcony which extended around 
the walls of the big machine shop at a height of twelve or 
fifteen feet. This gallery was filled with lathes and other 
machines, all operated by apprentices. The one I was put at 
was for the purpose of facing the heads of bolts, and rounding 
off the ends of studs. It consisted of a cone pulley and a 
chuck with changeable jaws to accommodate the different 
diameters of the bolts, etc. The spindle was hollow, about 
four inches in diameter and cut away on two sides to enable 
operator to insert his hand and forearm when changing the 
jaws of the chuck, which were in three segments and were 
tightened by a nut through which they protruded slightly. 

To turn a stud, the jaws were opened by loosening the nut, 
with a huge spanner, then the stud was pushed in and the 
spanner shifted onto the hexagonal part of the nut, its long 
handle resting against the lathe bed—which held it from turn- 
ing. The power was switched rapidly on and off, and the 
momentum of the lathe ran the nut up with a jerk, when the 
spanner was shifted onto the circular part of the chuck, whére 
it rested while the machine was in motion. 

There were over a hundred boys working in the gallery, 
all learning to be turners, fitters, or brass-finishers, and they 
were promoted at regular intervals, and in their turn. There 
was an established schedule of wages, based on the boy’s age, 
with a regular annual increase for five years when the boy 
was “out of his time.” 

As was natural among so many boys, there was much prac- 
tical joking when the foreman’s back was turned and many 
a protest reached him from indignant machinists down below, 
who had been pelted by metal or “soaked” by greasy waste. 
But it was useless to try to discover the offender, because the 
greatest crime any boy could commit was to “split” against 
his fellows. The foreman knew this, but once in a while he 
would give the boys a lesson. One day, just before the bell 
rang, some one threw a hammer across the gallery. It missed 
its object (luckily, perhaps) and struck a gas fixture, breaking 
it off short. When the foreman saw it he went to the boy 
nearest the wreck, and asked him if he knew who threw it. 
“Yes,” was the answer, “but I won’t tell.” As the foreman 
expected this he said nothing, but just handed him his dis- 
charge slip, then passed to the next boy with the same question 
and got a similar answer, and inside of five minutes there were 
a half dozen boys stringing out to the timekeeper’s office. 

Having depopulated that corner of the gallery the foreman 
desisted from his inquiries, and the real offender escaped, 
although I have known cases where he nobly came forward 
and confessed to save his shopmates their jobs. Such a boy 
was considered a hero, but as he was promptly cut off from the 
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scene of his self-sacrifice his fellows never had an opportunity 
to show him their appreciation of his conduct. So, as the boy 
with a conscience got all the bitter with none of the sweet, 
such conduct was not exactly looked for. 

This establishment manufactured “threshing machines,” 
portable and stationary engines, locomotives, pumps, traction 
engines, and steam dredges or “‘navvies,’ as they were called. 
There were four or five other such firms in that city, each 
employing from 1,200 to 2,500 men, and the rate of wages, 
hours of labor, and general shop rules were identical in each. 
Fifty-four hours constituted a week’s work, and over that (up 
to 64 hours a week) was paid at the rate of time and a quar- 
ter; all overtime over 64 hours, time and a half. In times of 
prosperity these works ran overtime for years at a stretch 
and when adversity came, the hours were shortened and the 
men paid accordingly. 

Work was commenced in the morning at six o’clock and con- 
tinued until eight, when a half hour (“breakfast time’) was 
given; dinner hour was from 12:30 to 1:30 P. M., quitting at 
five o’clock, for four days—one day having ten, and Saturday 
six hours. Hach man on entering the company’s employ was 
furnished with three brass checks, with a number stamped 
thereon. The works were opened in the morning at fifteen 
minutes to six, and the employes had to file through a corridor, 
on one side of which was a long window, behind which sat 
the timekeepers. The window sill, a narrow ledge, was just 
high enough for a man of ordinary size to rest his elbow on! 
it was brass covered, and a slot ran longitudinally from end to 
end. This slot was just wide enough to admit a check, and as 
the men passed on, they slid their hands along the sill and 
dropped in their check, and the action after awhile became 
mechanical so that it was rare that anyone forgot to register. 

At the stroke of six the slot was closed, and all who missed 
putting in their checks had to lose a quarter of an hour. 
They were given another chance to get in from 6:10 to 6:15 
A. M., after which they were ‘“half-houred,”’ the slot being 
again open from 6:20 to 6:30. 

Then it closed until breakfast time, being open from 8:20 
to 8:30. The same chance was given the tardy ones to record 
their time on the quarter or half hour, both at breakfast time 
and noon. Thus by noon, the three checks were all in, and 
before 5 o’clock the check boy came around and again dis- 
tributed the checks. Every man had to leave the works at 
meal times, large, comfortable mess rooms being provided for 
them outside of the works. There were generally two of these 
rooms—one for smokers, the other for non-smokers. They 
were furnished with rows of long, heavy, well-scrubbed pine 
tables, with benches on either side, the men sitting in rows 
facing each other, every one having a recognized seat. 

There were also large ovens for warming the food, and 
regular attendants paid by the firm, called mess men, attended 
to this and the other duties of scrubbing, eic. 

Tea was the beverage most in favor, and was carried to work 
by the men, in tin pails and bottles, on which was an identify- 
ing tag. They were left in the mess room in the morning, and 
by breakfast time their contents had been heated and the 
cans were placed on the first table, past which the men filed 
and picked out their property. 

The Saturday half holiday was religiously observed the 
year round, no matter how busy the firm might be; work 
ceased for the week on Saturday noon. Saturday was also 
pay day, and the paying of 2,000 men in cash occupied less 
than a half hour. The timekeeper’s office had several win- 
dows, opening into the yard. At each open window would 
be stationed two timekeepers, one of whom held a record of the 
names from which he would read off as the men filed past. 
After the name was called, the other timekeeper would give the 
number and as he did so, pass the money—which was inclosed 
in a small canvas bag, with the number printed thereon—to 
the workman, who, as he reached for his pay, repeated his 
number. When anyone missed his turn, he had to wait until 
the last, when such were called over again. The empty bags 
were generally’ returned, as the men passed through the 
gates, being tossed into a receptacle there for the purpose, 
although it was allowable to retain them until the following 
Wednesday. Each department was paid as a whole, the num- 
bers running consecutively. 
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But my ambition to become a “fitter” was doomed to dis- 
appointment. One fatal day, some one ate an orange and used 
the peel, with the aid of a piece of rubber, to annoy the much- 
tried workers below. “Tubby,” as the portly manager was 
facetiously known among the men, happening past, saw the 
effect but not who caused it; he promptly ascended the gal- 
lery, and hotly interviewed the foreman, who got revenge for 
his “calling down” by depopulating that portion of the gallery 
from which the missiles were supposed to have come. This 
time I was in it, and went forth from that shop, as others 
had done, and eventually entered another. But this time it 
was a foundry, and so it came to pass that the world became 
afflicted with another molder. 
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steel segments arranged side and side in two sets of 8 each. 
The segments are each 8 feet 2 inches long on the pitch 
cirele and contain 16 teeth of 61-inch pitch, making 128 
teeth in the circumference. The pitch diameter is 20 feet 
9.55 inches; the face width of a segment, 9% inches; total 
width of rim, 3 feet 714 inches; width of hub, 5 feet 6 
inches; diameter of hub, 4 feet 4 inches; total weight of 
16 segments shown on planer, 40,960 pounds. 

In Fig. 2 is shown the upper half of a cast steel head of 
a 12,000 ton forging press being built for the Carnegie Steel 
Co. branch of United States Steel Corporation. This huge 
casting which is estimated to weigh 250,000 pounds, had 
been planed at the time the photograph was taken, this opera- 


Fig. 1. Planing Gear Teeth in sixteen Segments of a 20 ft. 9.55 in. Diameter Steel Gear Wheel for Ashley Plane, C. R.R. of N. J. 


GEAR CUTTING EXTRAORDINARY—A HUGE 
DRILL PRESS JOB. 


While it is by no means a rare job to machine rack teeth 
on a planer, or even to cut small spur gears in this way, we 
think that the gear job shown in Fig. 1 is a somewhat unusual 
one both in the matter of size and in the manner in which it 
was done. Particularly the latter, since the cutting of spur gear 
teeth on a planer is ordinarily a tedious and troublesome 
job unless special fixtures are employed, but in this case, 
although it was done without special appliances of any kind, 
the process was one that should compare most favorably in 
cost with any other that has been devised, and it certainly 
appears to be the most feasible one to follow in a shop not 
specially equipped for heavy gear cutting. Especially does 
this apply when the gear is composed of two sets of segments, 
arranged side by side, which were so designed that the 
total number of teeth in one set is an exact multiple of 
the number in one segment. This made it possible to plane 
the whole number of segments at one setting, 

The gear in question is one being built by the Bethlehem 
Steel Co. at South Bethlehem, Pa, for the Ashley plane 
of Central Railroad of N. J. The rim is composed of 16 cast 


tion having been performed on a large pit planer of the type 
used for planing armor plates. The work does not reciprocate 
on these machines, the crossrail and heads traveling instead 
on horizontal ways between which the work is placed in a 


deep pit. The illustration shows the casting in front of a 
Bement, Miles & Co. special double drilling and boring 
machine. This machine has two columns which carry be- 


tween them a horizontal arm on which are mounted the 
spindle heads. The horizontal arm may be rotated so as to 
present the spindles in any desired direction in parallel planes. 
The spindles can be presented to any part of a vertical plane 
17 x 20 feet. In the illustration the work being done is boring 
out the large bolt holes, one boring bar and the temporary 
housing supporting the outer end showing at the further side 
and upper corner. 


The dimensions of the steel casting are: Length, 24 feet 
4 inches; height, 13 feet 214 inches; width, 5 feet 2 inches. 
A special car has been built to transport the parts of the 
forging press to Pittsburg. In connection it may be men- 
tioned that the Bethlehem Steel Co. have in their own plant 
a still larger forging press in the matter of capacity, hav- 
ing the power to exert a pressure of 14,000 tons. The 
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press and 15,000 horse power pumping engine used to operate 
it were illustrated and described in the October, 1899, issue 


of MACHINERY. 
* * * 


NOTES ON FORCED BLAST HEATING SYSTEMS. 


At a recent meeting of the New York Railroad Club an 
interesting discussion took place upon the subject of heating 
railroad shops and other one-story buildings of the same na- 
commonly used at the present time in plants of all descrip- 
tions. 

The distribution of the air by means of pipes should be so 
carried out that the lower part of the room is kept at a com- 
fortable temperature, while at the same time no disagreeable 
drafts are produced. It has been found that by properly pro- 
portioning and directing the delivery flues most satisfactofy 
results can be secured. Illustrating this point some very in- 
teresting examples were cited, at the meeting, by Mr. C. H. 
Gifford, of the B. F. Sturtevant Co. He said: 


Fig. 2. Boring Bolt Holes in 250,000 pound Steel Casting for Carnegie 
Armor Plate Press. (See opposite page.) 


“In the first place, if you desire air or almost any other 
form of gas or substance at any particular place at any par- 
ticular time, the best way is to provide a suitable conduit to 
deliver it there, and I would add, if there 1s any difficulty, 
which there may be, by air blowing on an individual workman, 
it is a simple mechanical detail to rectify it. If you are 
unable to predetermine where the men or machines are to be 
located in a building, you can simply have an adjustable dis- 
charge opening from the pipe delivering the air and if, 
perchance, it blows upon some one, there generally is some 
space near the person to which the air can be directed and 
therefore cause no inconvenience whatever. 

“As an example of what can be accomplished by distribution, 
I have in mind a machine shop, that of the New York Ship- 
building Co., which as a machine shop is not dissimilar to cite 
designed for railroad work. They have a building which I| 
believe is about 1,100 feet long, about 250 feet wide and 82 
feet high. The proposition was to heat one-half of this build- 
ing and leave the balance of it unheated. It was a problem 
that came to me, and I must say that I was a little phased at 
attempting to heat one end and not have any interference 
from the other end. We however conceived the idea that 
there could be a partition put across the middle of the build- 
ing about 12 feet high. We could then bring the heated 
air down to the zone which it was desired to heat, which was 
not over 8 feet above the floor, and in that way we could 
perhaps confine the air in the space, so as not to have much 
effect on the rest of the building. It was something of a 
speculation and rather a bold attempt, when you consider 
entering into a guarantee which might involve a serious loss; 
nevertheless it was done. © 
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“The apparatus is arranged under the landing platforms of 
the gallery which surrounds the shop, so that it is out of the 
way of the cranes. Pipes are carried along beneath the run- 
way of the cranes and branches are brought down on the 
posts and discharge the air toward the floor, the outlet being 
in the form of a Y, which is adjustable. 

“We were very much gratified after the plant was started to 
find that it performed just as was expected it would, and it 
is surprising to note the difference in temperature between 
the two sides of that partition; it is almost the same as when 
you pass from the building out of doors. The result is simply 
due to the fact that the air was brought down and continually 
pressed down into the space which it was desired to heat.” 

Further emphasizing the advantages of correct distributior 
Mr. Gifford says that it is “possible in some cases to introduce 
$50 worth of additional pipe to carry the air where it is most 
needed, so that you can, on account of this, leave out $100 
worth of heating apparatus. That is, you can get equal results 
by using smaller apparatus and less steam.” 

The adoption of the fan system renders the control of the 
heating apparatus and of the ventilation ideal. During very 
cold weather, or in the morning when the building is being 
heated up, the air supply may be drawn from within the 
building itself, thus effecting a great economy of heat. In 
some buildings having a very high cubic space per occupant, 
sufficient ventilation during the winter time will be supplied 
by the leakage of air through doors and crevices about the 
windows by transfusion, etc. 

“The pipes for a heating system should be so arranged that 
the air will not be discharged directly upon the workmen; 
it is also true that hot air will do the most good if it is put 
where it is needed. If the space around the walls of a build- 
ing is properly heated, one may never worry about the cénter, 
as that will keep warm. 

“We have found, therefore, that most satisfactory heating 
will result from numerous pipes discharging on the outside 
walls at a point about 6 feet to 8 feet above, and directed 
toward the floor. These pipes should be located from 25 feet 
to 40 feet apart, depending upon the character of the building. 
This arrangement causes hot air to be blown downward, 
whence it spreads on the floor, keeping it warm before the 
air has a chance to follow its natural tendency and ascend to 
the roof. Hot air has a very bad faculty of getting up in the 
trusses and if you blow the air directly at the floor and get 
the floor warm, at the same time keeping the outside of the 
building warm, your problem is practically solved. In the 
case of an underground duct, it is well to use short outlet 
pieces which will discharge along the walls at the floor. 

“At the works of the Fore River Ship and Engine Building 
Co. they have an overhead pipe system with drops on the 
walls, which was put in according to the regular practice. 
Later they added 50 per cent. to the building and are now 
heating it with the same apparatus. That is, we picked out 
a fan heater which we considered to be the proper size for that 
particular building and it worked in a perfectly satistactory 
manner. Later the ship company added 50 per cent. to the 
length of the building. We extended the piping and carried 
drops on the walls every 30 feet, blew the air on the floor 
with ample outlets on the ends, and in the coldest weather 
the heat of the building, which is 50 per cent. larger than we 
would care to guarantee with our apparatus, was perfectly 
satisfactory to them. Their success is entirely attributed to 
the excellent system of air distribution. 

“At the shops of the Atchison, Topeka & Santa Fe Railway 
Company, the underground system was adopted and low hori- 
zontal outlets were provided which distribute the air at the 
floor and along the walls. This is an extremely large shop, 
the contents being about four or five million cubic feet. ‘he 
shop is heated by four large apparatuses and the underground 
ducts extend almost entirely around the building. The pipes 
are not over three feet high, the air being discharged hort- 
zontally along the floor, and I understand that the building 
is very satisfactorily heated. 

So * * 

Water in freezing, is said to exert an expansive force of 
about 30,000 pounds per \quare inch. No wonder that pipes 
burst! 
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NEW SHOPS OF THE AMERICAN TURRET 
LATHE MFG. CoO. 

The buildings of the new plant of the American Turret 
Lathe Mfg. Co., Warren, Pa., embody a number of features of 
more than ordinary interest in shop construction. The view 
in Fig. 1 shows the plant when nearly completed. The build- 
ing at the right is the erecting shop and the buildings at the 
lett are for machine work, those in the foreground haying a 
higher roof than these in the background. The power plant 
is in the small building at the center and a raised passage 


MACHINERY. 


June, 1903. 


ally has a great many columns, which interfere with the 
operation of traveling cranes. Two of the earliest shops of 
this type were those of the De Laval Cream Separator Co., 
at Poughkeepsie, N. Y., and the Straight Line Engine Works, 
at Syracuse, N. Y. The former is used solely for the manu- 
facture of small machine parts, and while it is very well 
adapted to this purpose it would hardly serve as a model for 
a concern manufacturing medium and heavy machinery. At’ 
the works of the American Turret Lathe Mfg. Co. the majority 
of the machines built weigh less than 5,000 pounds each, but 


Fig. 1, 
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American Turret Lathe Shops—Note that Saw-tooth Roof Construction is used and that the Buildings are of three different Heights to accommodate 


different Classes of Work. 


way, clearly shown in the photograph, is located between the 
erecting and machine shops to afford room for the large over- 
head pipes of the heating system, without having to utilize 
any of the head room of the main buildings for this purpose. 
It will be noted that all the buildings are of the saw-tooth 
roof construction. 

In laying out this plant the following considerations were 
given prominence: First, arranging it in such a way as to 
permit of a systematic increase without disarranging the 
original plan of operation. Second, to so design it that the 
whole floor area should be well lighted and that future addi- 
tions would not interfere with the light of any part. Thifd, 
complete crane facilities, not only in the erecting shop but 
in the machine shop, wherever required. Fourth, a systematic 
arrangement of the tools according to the work to be done. 
Fifth, an electric power transmission along original lines. 


a considerable number weigh from 10,000 to 20,000 pounds, 
and an occasional machine weighs much more. This shows 
the need of the crane facilities. 

In the case of the Straight Line Engine Works the spacing 
between the columns is only 8 feet, while in the erecting shop, 
where there is a traveling crane, a different type of roof is 
adopted which allows a free runway for the crane. One of the 
latest examples of the saw-tooth roof is the fine plant of the 
De Laval Engine Co., at Trenton, N. J., but this again is of com- 
posite design like the Straight Line shops and no provision 
is made for traveling cranes in the saw-tooth section. 

This difficulty is obviated in the shop under description by 
using a form of truss or girder construction for the support 
of the roof, which makes it possible tc place the columns at 
a much greater distance one from the other, and gives ample 
room for the traveling cranes in the machine shop sections. 
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Fig. 2. Showing Girder Construction for Supporting Roof. 


With regard to the first of these it will be seen that the 
buildings may be extended in either direction, maintaining, if 
desired, the relative proportions between the different depart- 
ments. To obtain the second condition the saw-tooth form of 
roct was adopted but an entirely original method of construct- 
ing the roof was used, in order to obtain unobstructed room 
for the numerous cranes that it was desired to install. 

Inasmuch as a saw-tooth roof is virtually a flat roof and is 
built up of short sections, a shop of this construction gener- 


By this plan it is not necessary to have any machine tools at 
all on the erecting floor, which is thus left free for the erection 
of machinery, without interference from any of the other 
departments. The runways for the machine shop cranes are 
at right angles to the tracks of the traveling crane in the 
erecting shop. In order to transfer the machine parts and 
castings from the machine shop cranes to the crane in the 
erecting shop the latter is placed higher than the former and 
the ends of the tracks of the shop cranes extend into the 
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erecting shop. This allows the crane carrying a piece from business warrants the purchase of a second crane for the 
the machine shop to deposit it under one end of the crane of machine shop section. 

the erecting shop, where it may be picked up and transferred The cross-sectional view in Fig. 2 shows the arrangements 
to any part of the floor or to any of the other shop cranes. of the tracks very clearly and also the girder construction, 
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Fig. 3. View of High and Low Sections of Machine Shop, taken from Erecting Shop—Note the Arrangement of Heating Duct and the Extension of Shop 
Crane Tracks into the Erecting Shop. 


It also enables one small crane to be used temporarily on either which allows the roof to have wide spans between the columns. 
three of the two machine shop crane runways, since it quite The building at the right is the erecting shop shown in cross- 
feasible for the erecting shop crane to pick up the small crane — section; that at the left, the machine shop shown in longitud- 
and to transfer it from one track to the parallel track. This inal section. The arrangement of the girders which support 


expedient probably will be resorted to, until the volume of the roof will be understood by referring to Fig. 2 and also to 
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Fig. 4. Erecting Shop with Saw-tooth Roof—Machine Shop at the Right—Car Track enters at the Farther End. 
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upper trusses belong to the roof of the erecting shop, and the 
lower trusses at the left indicate the relative position of the 
roof for the high section of the machine shop; while the 
still lower trusses at the right indicate the low section of the 
machine shop. The heating duct passing up from the engine 
room appears at the extreme left, and adjacent to it are a 
gallery and store room. In the lower view on the last page isa 
section through the various machine shops taken at right 
angles to the latter and parallel with the erecting shop. These 
views in connection with Fig. 1 give a clear conception of the 
roof construction. 

Another important feature of the plant is the construction 
of the machine shop part of the buildings with roofs of two 
different heights. The low machine shop is adapted for the 
lighter tools—such as milling machines, drill presses, grinding 
machines, screw machines, turret lathes, engine lathes and 
any light tools that do not require crane service. The higher 
portion of the shop consists of that part served by cranes, 
where large tools are placed. The erecting shop is necessarily 
higher than either of the machine shop sections, both for con- 
venience in erecting machinery and in transferring the parts 
from the machine shop cranes. The buildings are thus of 
three heights, which makes an economical construction inas- 
much as no money was expended for buildings higher than 
actually required for the work to be done. It also facilitated 
an economical arrangement of shop driving, as in the low 
section where no cranes are required the group system of 
driving can be employed with line shafts. In the high sec- 
tions of the shop, where there are the larger tools, individual 
motors are employed, which is desirable for the convenient 
operation of tools of this class and which also gives clear space 
for the cranes. Constant-speed motors are used throughout, 
with a new variable speed device recently brought out by this 
company. The motors are all to be placed overhead, although 
in Fig. 7 one is shown located temporarily on the floor. ‘lhe 
method of supporting the shaft hangers is indicated in this 
view. Cast-iron clamps are provided, by means of which 
stringers are bolted either to the lower member of one of the 
roof trusses or else to an I-beam suitably located for the 
purpose. These parts are all made interchangeable and may be 
shifted about as necessary. Inasmuch as the line shafts will 
be motor-driven they can be located with reference to the 
work without the use of angle joints or quarter turn belts. 
Thus in the automatic screw machine department the shafting 
is slightly at an angle so that the screw machines may be set 
to lap by one another, allowing stock to extend through the 
spindles in the usual manner. 

In laying out the shop, arrangements were made to divide 
it into departments, of which are: First, the planer depart- 
ment; second, the drilling and boring machines; third, the 
milling and gear-cutting machines; fourth, the engine lathes 
and grinding machines; fifth, turret lathes and screw ma- 
chines. The arrangement of the high and low sections of the 
shop, aS previously explained, is such that where these de- 
partments run parallel with the erecting shop they may include 
part of both the high and low sections—an arrangement that 
would be desirable where there are both large and small tools 
in one department. The larger tools could then be served by 
a crane while the smaller tools, not needing a crane, would 
be placed in the low section of the shop but still be adjoining 
the larger tools of the same department. In the case of the 
planer department, where all or nearly all of the machines 
need the service of a crane, the department runs at right 
angles to the erecting shop and does not include any of the 
low section of the machine shop. It will be evident that a 
great variety of arrangements is thus possible and that, 
inasmuch as the different parts of the building are adapted to 
the various tools so far as height is concerned, the initial cost 
of the buildings must necessarily be a minimum. 

The foundations of the plant are of concrete, the walls are 
brick and the frame work of steel. The roof planking is of 
5-inch yellow pine and the skylights of heavy ribbed glass set 
in metallic sashes. The floor is of concrete. The building 
covers about 60,000 square feet of floor space, there are 12,000 
feet of crane runway, *4 of a mile of sewers and the expens2 
of construction is distributed as follows: 
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Steel work per square foot................ 33.7 cents. 
Conerete floor—6-inches).. s.-oe0% «6.6 6 «ei 11.5 cents. 
HOUNGaAtLONS an GsOLiCk WORK enter aoe er 10.3 cents. 
TSUMDETHeer tases cae oslo ae, Oe are aoe 14.0 cents. 
Pain tine Meraterts yard hele: sievenere cpa Pa ere eian ste 1.1 cents. 
TROOTECOVCLIN Sa ary ania inicio ba ete aks 1.1 cents. 
SOW. Gl Suet een Aa er ARG a hte tice ote ons 2.0 cents. 
MiIsCellanCOUS ers o0.e histo ee leksbe Siete tetey ole eve eres nile 6.5 cents. 

Total cost per square foot............ 80.2 cents. 


This figure is very low and was obtained only by adopting 
this economical design and using great care in letting the 


contracts. 
* * * 


EKUROPEAN ENGINEERING WORKS. 


The last annual address of the Engineering Association of 
the South, with headquarters at Nashville, Tenn., was given by 
W. H. Schuerman, president of the association. He took as 
his topic a description of some of the important European 
engineering works visited during a tour of the continent and 
in what follows will be found an abstract of his paper, atten- 
tion being given mainly to parts of the paper that bear upon 
the branches of engineering in which readers of MACHINERY 
are most interested. 

The European freight car is small compared to the American 
car. The only advantage it can claim is the greater facility 
with which a single car can be handled by man power, and at 
nearly all stations a car can be moved from one track to an- 
other by means of turntables instead of by switches; but oniy 
one car at a time can be handled. The difference in style of 
passenger coaches is so well known that it is unnecessary to 
describe it. It may, however, be worth mentioning that the 
American plan of having entrances at the ends, with a passage 
through the car and sometimes through the whole train, is 
coming into use, especially in Switzerland. The passage is, 
however, nearly always on the side instead of down the center 
of the car. The fares on ordinary trains in the different Euro- 
pean countries are: First-class, 31-3 cents per mile; second- 
class, from 214 to 2% cents per mile; third-class, from 114 to 
1 2-3 cents per mile; fourth-class (in Germany, where fourth- 
class carriages are run), 9-10 of a cent per mile. Nearly all 
American tourists travel second-class, but third-class in Switz- 
erland and Germany is not objectionable, and traveling third- 
class in these countries is an excellent way for one, whose 
funds are limited, to economize. 

European locomotives have neither cowcatchers nor bells. 
To American ears the whistles on Italian locomotives sound 
like toy affairs. Hand bells are sometimes used in stations to 
warn people on platforms of the approach of trains; and at 
one place where some switching was being done the writer 
saw a man who, to warn people of the approach of the 
switched car, was running ahead of it and ringing a hand bell 
about the size of the dinner bell seen and heard at railroad 
dining rooms and country hotels in the United States. 

Switzerland has a large number of incline railways on which 
adhesion is not sufficient for traction and a rack is made use 
of instead. These began to come into use shortly after the 
completion of the Mount Washington railway in the United 
States in 1869, largely through the efforts of a Swiss inventor 
by the name of Riggenbach. He had been working on the 
problem for many years, but some of the professors at the 
Swiss Polytechnic school had characterized his proposed con- 
struction as a monstrosity. John Hitz, the Swiss consul-gen- 
eral to the United States, returned to Switzerland in 1867 and 
gave a detailed report to the Swiss Federal Parliament of the 
Mount Washington railway, then being constructed, which 
greatly encouraged Riggenbach and facilitated the formation 
of a company. A road up the Rigi was begun shortly after 
and this was so successful that several others were built by 
Riggenbach in different parts of Europe. 

The next advance after Riggenbach in the construction of 
rack railways was made by Roman Abt, a pupil and fellow- 
worker of Riggenbach, the first of whose roads was built in the 
Hartz mountains. Up to this time the rack rail had always 
been anchored below the locomotive in which position it 
would be in compression. Abt conceived the idea of placing 
it above the wheels, where it would be in tension, and he made 
his rack rails of flat bars. As now constructed there are two 
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or three racks close together, the teeth of one rack being a 
third or a half their pitch ahead of the teeth of the adjacent 
one and there are two or three cogwheels working in the 
racks. The result is that the locomotive climbs the grade very 
quietly and smoothly. 

Another form of rack railway is that ascending Mount Pila- 
tus. The grades that were found to be necessary were steeper 
than any hitherto used on rack railways. The average grade 
is 366 feet per 1,000 feet, the maximum being 480 feet. The 
maximum grade on the Mount Washington line was 33 feet per 
100 feet; that up the Rigi, 25 feet per 100 feet. None of the 
forms of rack rails in use were considered sufficiently safe for 
this line, and a new form was devised. Instead of being ver- 
tical, the rack is horizontal—or, rather, parallel to the roadbed. 
The center plate has teeth on both sides, and there are two 
pairs of cogwheels on the locomotive which gear into the racks. 
Two trains are operated on this line, which pass each other 
half way up. Except at the passing point, there is but one 
track. On account of the form of rack rail and position of 
cogwheels, the ordinary form of switch could not be used. In 
place of switches there are two traveling carriages, movable 
by hand—one above and the other below the passing station. 
Each carriage carries two connecting tracks, which enables 
either one of the two tracks at the passing station to be 
connected to the single track above or below. 

The subject of Alpine railway engineering naturally brings 
to mind the great railway tunnels between Switzerland and 
Italy. These are more interesting to an engineer during 
construction than after completion. The Simplon tunnel will 


be about 11 miles long, and, when completed, will be the 


longest tunnel in the world. The installation at Brigue con- 
sists of the necessary offices, workshops, engine sheds, power 
houses, smithies, and the numerous buildings required for 
carrying on such an important engineering undertaking. 
Great care is taken that the miners and men working in the 
tunnels shall not suffer by the sudden change from the high 
temperature of the headings to that of the cool air outside. 
For this purpose a large building has been erected, in which 
they can take off their damp working clothes; have a hot 
and cold bath; put on a warm, dry suit; and obtain refresh- 
ments at a moderate cost, before returning to their homes. 
Instead of each man’s having a locker in which to store his 
clothes, a perfect forest of cords hangs down from the ceiling 
25 feet above the floor level, each cord passing over its own 
pulleys and down the wall to a numbered belaying pin. Hach 
cord supports three hooks and a soap dish, which, when loaded 
with their owner’s property, are hauled up to the ceiling out of 
the way. There are 2,000 of these cords, spaced 1 foot 6 inches 
apart, one to each man. 

The hydraulic power plants to be found in Switzerland are 
of as great engineering importance as the rack: railways and 
of much more importance from a commercial standpoint. The 
city of Geneva constructed a water supply and water power 
plant in the years 1883 to 1888. The Rhone, at the outlet of 
the Lake of Geneva, is divided into two branches by an island. 
The island was extended by a wall, and the left branch of 
the Rhone thereby made into a canal, closed at its lower end 
by a large L-shaped power house. In the right branch of the 
Rhone was built a rolling shutter dam, by means of which the 
water from the lake, or aS much as is desired, can be sent 
through the left branch to the turbines in the power house. 
About 4,000 horse power is obtained in this way. There are 
20 Jouval reaction turbines of 210 horse power, each operating 
two pumps. Between 8,000,000 and 13,000,000 gallons of lake 
water are delivered per day for industrial and public pur- 
poses, in addition to 2,800,000 gallons for domestic supply. 
In the years 1893 to 1899 a second plant was constructed lower 
down on the Rhone. Many other interesting examples of 
power plants, made possible by the mountainous formation of 
Switzerland could be mentioned, but of greater interest still 
are some of the hydraulic distribution plants to be found at 
different points on the continent and in Great Britain. Lon- 
don has by far the largest hydraulic power supply plant in the 
world. There are over 130 miles of hydraulic mains laid in 
London at present. Powerful pumping engines at seven 
different stations keep them charged at a pressure of from 
700 to 750 pounds per square inch. Another pumping station 
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is now nearing completion. The reservoir of power consists 
of capacious accumulators loaded to a pressure of 750 pounds 
per square inch, thus producing the same pressure as a Stand- 
pipe 1,700 feet high. The power is available, day and night 
and on Sundays, all the year round at a pressure of 700 pounds 
per square inch—a pressure which enables small machines to 
perform a large amount of work with a very small quantity 
of water. The number of consumers is constantly increasing. 
The number of gallons pumped per week increased from 1,- 
271,000 in 1886 to 14,812,000 in 1902; the number of machines 
increased from 364 in 1886 to 4,677 in 1902. 

In ‘every town where hydraulic power has been established 
it has succeeded, both mechanically and financially, notwith- 
standing the competition of all other forms of power genera- 
tion and distribution. The experience in Manchester is par- 
ticularly striking. The supply of electricity, of hydraulic 
power, and of gas are all in the hands of the corporation. The 
two former were started at the same time, in 1894. 

Other hydraulic works of interest are the numerous locks 
and dams on ship canals, especially in France and Germany; 
but all that the writer had time to visit was the ship elevator 
on the Dortmund-Ems Canal near Henrichenburg. It raises 
vessels of 600 tons in 1214 minutes through a height of 52% 
feet at a single operation. The elevator consists of a tank sup- 
ported on five huge hollow cylinders, floating in deep wells, 30 
feet in diameter, 46 feet from center to center, and going 
to a depth of 97 feet below ground level. The cylinders bal- 
ance the whole weight of the tank and its contents. Massive 
screws regulate the motion, and these screws are constructed 
to sustain the entire weight of the structure in case of fail- 
ure in any part. The elevator was selected in preference to 
the construction of a series of four costly locks, the trargsit 
through which would have occupied at least 2 hours in place 
of 12144 minutes. The massive regulating screw sockets are 
anchored to solid, square iron plates sunk 30 feet in pits taper- 
ing toward the surface and filled in with concrete. Each screw 
is subject to a maximum stress of 1,476 tons. The tank is 230 
feet long, 30 feet wide, and 8 feet deep. It is made of sheet 
iron from % to 44-inch in thickness on the sides and 14-inch 
thick on the bottom. It rests on I-beams, which in their turn 
are supported on hollow shafts bolted to the center of the 
floating cylinders and giving access to their interior. The 
cylinders are 27 feet in diameter and 43 feet high, with a 
displacement of 811 cubic yards, equal to 3,050 tons. A special 
feature is the water-tight connection between the tank and 
the canal. The regulating screws were forged in one piece of 
Siemens-Martin steel and bored down the center to test the 
uniformity of the metal. They are, approximately, 71 feet 
long, 11 inches in diameter, and work in massive collar bear- 
ings attached to the supports of the tank and also fixed in the 
overhead platform connecting the towers. Two coupled shafts, 
driven by a 150-horse power electric motor, actuate the beveled 
wheels which turn the screws. In 30 days of from 8 to 10 
working hours, 600 ships were passed through the elevator. 


The use of electric motors for hoisting purposes in deep 
mines has reached a stage of development in Germany that 
warrants serious attention. The advantages of such practice 
are not obvious at first inspection as it is the universal cus- 
tom to place the steam plant of hoisting plants in close rela- 
tion to the hoisting engine, but the development of power 
from blast furnace gas and coking plants may often in the 
future make it desirable to transmit power electrically 
through considerable distances to the pit mouth. Siemens & 
Halske, Allegemeine Electricitats Gesellschaft and other Ger- 
man electrical firms have built large motors for hoisting pur- 
poses of both the direct-current and of the alternating-current 
type. The makers are prepared to guarantee a steam con- 
sumption of 33 pounds per horse power of useful work when 
electrically developed, which is said to be considerably less 
than the consumption obtained of the average steam hoist- 
ing engine. This presumably is attained by the greater steadi- 
ness of load on the engines, especially where storage batteries 
are used in conjunction for starting purposes, and by the 
use of a more economical type of engine, running steadily in 
one direction. 
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HEAVY GERMAN MILLING MACHINE. 

In a recent issue of Hngineering (London), is illustrated 
an extremely heavy and powerful milling machine recently 
built by the Deutsche Niles Werkzeugmaschinen-Fabrik near 
Berlin for the Stettiner Maschinenbau Actien-Gesellschaft Vul- 
can, Bredow, Stettin which firm is using it principally on the 
connecting and parallel rods of locomotives. The principal 
dimensions of general interest, are as follows: 

Width between uprights............ 331% inches 

Length which can be milled.......... 11 feet 6 inches 

Maximum height between top of table 
ange centersOlespindle... .. cee. < «sete 

Maximum number of revolutions of 
cutter arbor 


14 inches 


Minimum number of revolutions of 
EU ULCT REO Lee seianeie ce atats Foe isetiorc at cee ote 14.5 
IND else OL BDEECOS scars 5 s'craaeeiacie ccc ces lp, 


Maximum feed per revolution of arbor % inch 

Minimum feed per revolution of arbor 1-32 inch 

Horse power required, about........ 50 

IG CMEVVOLE TN Gee ADOUL ts =, oss 2 o rd emeree renee 12 tons 

This design of machine, however, is made to other dimen- 

sions with regard to width, length, or height. The machine 
illustrated was guaranteed to mill 4 inches per minute in 
steel forgings over a width of 20 inches and at a depth of 


Fig. 1. German Milling Machine weighing twelve tons and requiring fifty 
H. P. for Driving. 
%-inch. This guarantee was fulfilled, the test result showing 
a milling feed of 9% inches per minute in steel having a 
width of 16% inches, while removing 3-16-inch of the stock. 
One test is cited where the tool was driven by a 50-horse 
power motor, taking a cut of .20 inch at a speed of 4.17 inches, 
from a coupling rod 23.62 inches (600 millimeters) wide. 
These are certainly most satisfactory results. The cutter in 
use on this occasion is illustrated separately in Fig. 3, here- 
with, as this form is preferred to that adopted for the cutter 
shown in the machine as illustrated. The table runs in V ways, 
the surfaces of which are inclined one toward another, as 
shown in Fig. 1. The table has longitudinal power feed at ten 


Fig. 2. Examples of Heavy Milling. 
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different rates; quick adjustment in either direction is pro- 
vided, with automatic stop. The thrust of the leading screw is 
taken up by ball-bearing. A counterweight guards the table 
from any vibration. The machine is driven by cone and two 
worm gears, giving very smooth running. The second worm 
gear is not placed direct on the spindle, but separately; the 


AppRooor 
i 
AB 5 eee 3 


Fig. 3. Type of Spiral Cutter used. 


spindle is driven by a special dog to prevent lost motion. 
Special provision is made for taking up all wear of the cutter 


arbor. An outer and middle bearing support the arbor, which 
has horizontal adjustment. The crossrail adjusts vertically by 
hand. 


* * * 


NOTES FROM THE SHOPS OF THE CHAMBERS- 
BURG ENGINEERING CO. 

The class of work now done by the Chambersburg Engineer- 
ing Co. is mostly steam hammers, hydraulic riveters, flanging 
presses, accumulators and other hydraulic machinery of 
allied nature. A large part of this work is very heavy. The 
two steel castings for the frame and stake of the 204-inch 
gap riveter built by this concern weigh about 110,000 pounds. 
As the overhead works for handling heavy castings are not 
of the best modern type, the work is not shifted about more 
than can be reasonably avoided. The practice is to do as 
much on one machine as possible for that machine before it 
goes to the next one and so on. In the case of steam ham- 
mers the frames must be planed across the top for the steam 
cylinder and parallel to the frame for the guides. Both jobs 
of planing are done on the planer to which the job is sent 
first. Two planers, one of the ordinary type and the other 
a Detrick & Harvey open-side machine, are used for this 
work. In the case of the ordinary planer the end of the 
frame for the steam cylinder is planed with the frame blocked 
up on the floor, the planer platen carrying the too] and acting 
as a shaper. A small planer housing is bolted to the platen 
in a vertical position which carries a tool slide by which lat- 
eral adjustment and vertical feed can be secured. The plan- 
ing of the guides is, of course, an ordinary planer job. The 
Detrick & Harvey machine handles such jobs in the character- 
istic manner. The point is that neither planer relinquishes 
the job until it is completed so far as planing operations go. 

Deep pits are provided for erecting steam hammers and 
hydraulic riveters. The frame of the machine sets down in 
the pit at such a depth that ordinarily the top where the 
cylinder and other mechanism is being placed, comes about 
even with the shop floor. Planks laid across the pit make 
this work as convenient as could be desired, but if it was 
done with the frame in the air, it would mean the erection of 
a staging and much climbing up and down. The largest rivet- 
ers (204 inches gap) cannot be done in this manner as the 
pits are not deep enough so they are laid down on the erect- 
ing shop floor. 

Steel packing rings made from cold-rolled steel are used 
to a certain extent in the steam hammers. These are rolled 
up from stock of the exact size required, using a machine 
which has three rolls. Two of the rolls are provided with 
five grooves of varying widths and depths to receive the 
stock and constrain it to roll into one plane. The other roll 
is left smooth. The smooth roll and one grooved roll are 
geared together; the third roll acts as an idler and is pro- 
vided with screw adjusting boxes to vary the curvature of 
the ring being rolled. Steel packing rings are used in steam 
hammers on account, of course, of the breakage incident to 
those made of common cast-iron. 

* * * 

The Canadian Pacific Ry. has ordered 20 locomotives from 
Germany in order to secure prompt delivery. This is said to 
be the first instance of an American road purchasing locomo- 
tives in Germany. 
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In setting up so simple a machine as a blacksmith’s tilt 
hammer, there are at least two conditions affecting the drive 
that must be properly met to get satisfactory action: First, 
the belt should run in the direction that brings the tightener 
pulley on the slack side of the belt; otherwise the smith 
must bring an abnormally heavy pressure on the treadle when 
using the hammer. With the tightener on the slack side of the 
belt, a slight pressure usually suffices to drive the hammer at 
top speed. Although this may seem obvious to most me- 
chanics, it apparently is not to some. We remember a tilt 
hammer that ran for years with the tightener on the tight 
side of the belt. The consequence was that a helper had to 
accompany the smith to the hammer each time it was used. 
The second condition referred to is that the center distance 
between the countershaft pulley and the crankshaft pulley 
does not exceed a certain distance, say 7 or 8 feet. If it is 
greater than this distance, Say 12 feet or more, trouble will 
likely be experienced in getting and keeping the driving belt 
the ‘right length. If it is slack enough to allow running 
freely over the lower pulley when not in use, the tightener pul- 
ley will have to move through too great a distance to start the 
machine to work. To overcome this trouble the belt will 
probably be cut so short that it rubs and frets against the 
lower pulley and soon wears itself out. 

* * * 


CHANGE GEAR DEVICES AND GEARED FEEDS. 


We begin this month a series of articles upon change gear 
devices for engine lathes by the author of the recent series 
upon shop construction. In common with others directly in- 
terested in lathe construction, Mr. Perrigo has spent a great 
deal of time investigating ‘“‘the state of the art” with respect 
to such devices; but he has also gone one step further and 
prepared a manuscript for publication upon the results of his 
researches. While the articles deal solely with devices de- 
signed for screw cutting, they embody the principles of similar 
mechanisms that are to be found on various machine tools for 
feeding the tool in the ordinary process of machining. It is 
hardly necessary to say that the series is timely and that it 
will add another to the important articles upon machine 
construction, which have been characteristic of the columns 
of MACHINERY. 

Nests of gears for machine feeds have been in limited use 
for many years on an occasional drill press or engine lathe 
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and have been employed regularly on the Bullard boring mill 
and Becker miller from the first; but it was not until 
W. P. Norton became associated with the Hendey Machine 
Co., Torrington, Conn., and the latter firm took up the Norton 
change-gear device that a geared feed became popular. One of 
the first to build a lathe with a change gear mechanism having 
a nest of gears was Prof. John E. Sweet, and he has written 
us as follows upon the subject: 

“The first application in practical form of fixed change 
gears that I know of was by Ferris and Miles, who exhibited 
a Iathe at the Centennial with a projecting spindle outside the 
bed, carrying eight gears, if I remember correctly, into which 
a tumbler gear, swinging on the screw and engaging a gear 
on the screw, communicated the motion. 

“The mechanism was in principle very like the Hendey- 
Norton, with this marked difference—that Ferris and Miles’ 
was outside the bed, whereas the Hendey-Norton mechanism is 
inside. 

‘The next, so far as I know, was the one I designed while 
at Cornell in 1878, and which was built in the University of 
Wisconsin in 1881 or 1882 and illustrated in the American 
Machinist in 1889, or thereabouts. 

“This I believe to have been the first lathe with the change 
gears inside the bed, but really Hendey and Norton are entitled. 
to the credit for what has been done, because they are the 
ones who built up such a business out of it that others have 
been forced to follow. 

“Tt is not so much who did the thing first as who made the 
thing go.” 

* * * 


IS IT A FAD? 


The changes in machine tools during the past ten years 
have all been in the direction of getting more work out of the 
machine in a given. time. This has come about through the 
introduction of automatic features in some instances, but more 
generally through increase in weight and stiffness, more 
powerful drives, more speed changes and the use of nests of 
gears by which not only is a ‘stronger and more positive feed 
obtained, but, what is more to the point, a feed exactly adapted 
to the tool and the work. Lathe manufacturers are quite gen- 
erally adopting or considering the adoption of some quick- 
change gear device for screw cutting, and in some instances 
for the regular feeds as well, while makers of milling and 
drilling machines are following in their footsteps with similar 
feed arrangements. 

The question naturally arises, Is this drift toward quick- 
change devices for screw-cutting and turning anything more 
than a fad? Many contend that a lathe with such mechanism 
is too expensive, and liable to give less accurate results; that 
a milling machine is, after all, better with a belt drive; that 
screw-cutting is done so seldom that it is no burden to change 
the gears by the old method, and so on to the end. There is 
some truth in these claims, and it is a fair question whether, 
after all, a good, strong belt-driven feed, and the old system of 
separate change gears are not as satisfactory as any, for the 
majority of work. 

The fact remains, however, that the most expensive luxury 
around a machine shop of the present day is considered to be 
the factor of time. Expensive machines are considered a 
better investment than cheaper ones, provided they will save 
time. A machine, therefore, which will give a mechanic just 
the speeds he wants and just the feeds he. wants, whether in 
screw-cutting, turning or what not, and give them quickly, is 
bound to be a time saver and so is deservedly popular. It is 
this which has made the multiple voltage system of inde- 
pendent driving. so well liked and if one is going to the 
expense of installing so elaborate an arrangement as this to 
secure convenient speed manipulation of machine tools, he 
ought by rights to have the machines equipped with equally 
as good a feed mechanism to go with it. Geared feeds have 
got beyond the fad period. While it is easy to see that there 
are many places where it would not pay to so equip a machine, 
any more than it would with a multiple voltage drive, we 
believe that fixed-gear mechanisms, both for feeds and screw- 
cutting, will be thought more and more essential in order to 
get the greatest possible amount of work out of the machine. 
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HIGH-SPEED PLANER WORK. 


We have received a communication from the foreman of a 
large machine shop, doing much heavy planing, inquiring 
what is being done in the matter of fast-cutting speeds on 
planer work with the new high-speed steels. Considerable 
data and other information have been published regarding 
fast-cutting speeds on lathes, but little has been said about 
increased planer speeds. The principal planer manufacturers 
having been solicited for information on the matter, with 
one or two exceptions, have expressed the opinion that from 
25 to 30 feet per minute is about the limit of cutting speed 
that should be attempted with the larger planers built by 
them, regardless of the speed the steel will stand. Higher 
speeds than these are believed by most of the planer builders 
to cause so much lost time and expense for repairs and grind- 
ing tools that there is little, if any, gain in the end. They 
are not, however, unanimous in this opinion, as will be seen 
from the following extracts which are substantially as ex- 
pressed in the letters received: 

William Sellers & Co. say they have built planers up to 
10’ X 10’ square between the housings with variable cutting 
speeds from 8 to 48 feet per minute and with a _ constant 
return speed of 96 feet per minute, which are in very suc- 
cessful operation. They have recently applied the variable 
speed feature to one of their 10’ x 10’ x 36’ shop planers. 

The G. A. Gray Co. do not believe that planers larger than 
30” X 30” can be run faster than 30 feet successfully as a 
general thing, although they have built one 30” X 30” for a 
customer who claims to be running it at the rate of 66 feet 
cutting speed. They have found in their own shop experience 
that large surfaces like planer platens can be most economi- 
cally handled at from 20 to 25 feet per minute and they do 
not recommend running faster than the latter speed. 

The Woodward & Powell Planer Co. say that they have run 
their planers at a speed of 40 feet per minute, cutting a fine 
quality of cast-iron. The cutting tool was made of the best 
steel they could obtain and the chip was light. They are 
of the opinion that this speed is too high for most practical 
purposes and recommend a cutting speed of 20 to 30 feet per 
minute with a return speed of about 50 to 60 feet per minute. 

The Niles Tool Works branch of the Niles-Bement-Pond 
Co., say they are conversant with cases where a cutting speed 
of from 25 to 30 feet is employed successfully, and believe 
from their own experience and that of others using heavy 
planers, that 30 feet per minute is perhaps as economical as 
any higher speed that might be obtained. 

The Whitcomb Manufacturing Co. have a 26” < 26” >< Ip 
second-belt-drive planer running at a cutting speed of 45 feet, 
which is working successfully on very difficult work, being 
planer crosshead work, and digging out and finishing angular 
and square gibs. Another planer of the same type in their 
shops is running at a speed of 36 feet per minute. They be- 
lieve that for planers 36” X 36” and larger, 30 feet per 
minute is about the limit where only one cutting speed is 
available, but if two cutting speeds are available they believe 
that much higher speeds than 30 feet can be used much of the 
time on ordinary work. 

In regard to the value of more than one cutting speed, the 
Betts Machine Co. say that there are many instances where 
higher cutting speeds could be used than would otherwise be 
practical. For one uniform cutting speed on heavy planers, 
they recommend 25 feet per minute. 

The Cincinnati Planer Co. have one of their 48” x 48” 
planers running at a cutting speed of 35 feet per minute at 
the Schenectady plant of the American Locomotive Co., which 
is doing good work and giving very good satisfaction at that 
speed. In their own shops this firm have a 24” * 24” planer 
running at a constant cutting speed of 38 feet per minute. One 
of their 36” x 36” planers is run at a cutting speed of 42 
feet per minute on light roughing cuts, but is slowed down 
for finishing, a variable speed countershaft being provided for 
this purpose. Their other planers including the large ones are 
run at 26 to 30 feet per minute. Their experience is that 
the majority of shops are not able to run at cutting speeds 
much higher than 24 to 25 feet per minute. One of their 
planers 48” < 48” x 18’ is running at the Elliott Frog & Switch 
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Works at a speed of 24 feet per minute, working on steel 
rails, but so far the only tool steel found to stand up to this 
severe work is Novo. 

Another firm, that did not wish to be quoted, wrote con- 
servatively regarding the higher cutting speeds, believing that 
the most efficient results are obtained with speeds of 15 to 20 
feet per minute. This firm, however, has recently built two 
planers for a railroad shop to plane 26 feet long with a cut- 
ting speed of 30 feet per minute. 

The Bement, Miles & Co., branch of the Niles-Bement-Pond 
Co., have an extremely heavy 72-inch frame planer used in 
the Juniata shops of the Pennsylvania Railroad working suc- 
cessfully at a cutting speed of 40 feet per minute, but it was 
not built for such high speed. Another planer in these shops 
is planing cylinders at about the same cutting speed. 

* * * 


NOTES AND COMMENT. 

Some of the expedients resorted to in the manufacture of 
very fine wire are most ingenious and interesting. It is gen- 
erally known that platinum wire can be drawn to exceedingly 
small diameters, even as slight as 1-50,000 inch, but how it is 
done is another matter. We understand that one method is 
to reduce the wire to as small a diameter as possible by ordi- 
nary drawing methods and then to coat it with a heavy layer 
of silver. The compound wire is then drawn down until the 
interior platinum wire is reduced to the desired diameter, and 
then the silver is dissolved off, leaving the platinum wire 
intact. = 


In a letter to Hngineering (London) on the stresses set 
up in a crank web when shrunk on its shaft, Mr. Albert 
Kingsbury, Worcester, Mass., concludes that a_ shrinkage 
allowance of 1-1000 the diameter (0.001 inch to 1 inch) is 
about as much as can be safely made if the stresses are kept 
within the elastic limit for wrought iron and steel. To this 
should be added a slight allowance for roughness of the shaft, 
say 0.001 to 0.002 for shafts of fairly large diameters. He 
intimates that shrinkage allowances of 1-350 to 1-500 the di- 
ameter are quite certain to cause the elastic limit to be ex- 
ceeded. For cast-iron webs the shrinkage allowance should 
be even less than with iron or steel to avoid exceeding the 
elastic limit. 


The development of the electric street railway has created a 
class of mechanical. officials who are neither “fish nor fowl” 
so far as the existing railway and electrical organizations 
go. The master mechanic of a street railway line, while he 
may be a practical electrician all right, scarcely feels at home 
at a meeting of the electrical engineers, and he certainly 
feels equally isolated at the railway master mechanic’s con- 
ventions. A society tor this body of men, called the Ameri- 
can Railway Mechanical and Electrical Association, was org- 
anized in Cleveland, Ohio, last February, and will hold its 
first annual convention at Saratoga, N. Y., September 1-4, in 
conjunction with the meeting of the American Street Railway 
Association. A number of interesting and profitable papers 
are promised. 


In the February issue mention was made of a new and 
valuable use that has been discovered for carborundum, and 
that was as a lining for covering the firebrick of furnaces 
with a highly refractory coating. It appears from recent dis- 
coveries made at Niagara Falls by Mr. Acheson that ‘‘siloxi- 
con,” which is a somewhat different product from carborun- 
rum, is more likely to be largely used for this purpose since 
it is a self-binding material, having only to be mixed with 
water to be applied. Siloxicon forms in the electric furnace 
at a temperature of from 4,500 to 5,000 degrees, whereas car- 
borundum is said to require about 7,000 degrees F. Siloxicon 
can be used alone as a refractory covering for furnace in- 
teriors, but for some purposes it is better to use a binding 
agent such as liquid tar, asphaltum, pitch, molasses, glue or 
other materials of a hydrocarbon or carbonaceous nature. 
The prospective field for the use of this refractory lining is 
large, as it will be valuable for muffles, crucibles, furnaces, 
tuyeres and other apparatus in which firebrick is exposed to 
very high temperatures. 
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CONSTANTS FOR VARIABLE SPEED DEVICES. 
JOHN 8S. MYERS. 


One of the live problems at the present time among machine 
tool designers is the perfection of a variable speed device 
capable of transmitting the horse power required for driving 
the modern machine tools. 

The advent of the new tools permitting much higher cutting 
speeds and the now increasing tendency of manufacturers 
toward as little hand scraping as possible but instead, insert- 
ing broad flat tools, and running very slow, performing the 
scraping operation in the machine, have made a wide range 
of speed imperative. This has necessitated greater back- 
gear ratio, more ratic at the cone and usually more and finer 
steps. It is here that the variable speed device usually has 
its origin. Most of these operate upon the principle of ex- 
panding disks or cones, which is a variation of the cone 
pulley problem. There are, however, quite a number of 
variable quantities involved in a simple pair of cones that 
sometimes prove troublesome. 

The following formulas and table of constants were de 
veloped for use in determining the quantities pertinent to the 
designer in a speed-varying device operating on the principle 
of expanding disks or pulleys, a pair of such disks being 
belted together. It is quite evident that the formulas are 
equally applicable to the ordinary stepped cones in more 
general use or to a nest of gears on parallel shafts. The 
writer hopes the appended table may be useful in this con- 
nection: 

Let D = Maximum cone diameter in inches. 
D,= Minimum cone diameter in inches. 
D,= Even cone diameter in inches. 
D;= Variable shaft cone diameter for mean speed. 
D,=Constant shaft cone diameter for mean speed. 
Rk =Ratio of maximum to minimum speeds. 
S = Speed of constant and of variable shaft at even cone 
diameters. 
S,—= Maximum speed of variable shaft. 
S,—= Minimum speed of variable shaft. 
S,—= Mean speed of variable shaft. 
V = Maximum belt velocity feet per minute. 
V,= Minimum belt velocity feet per minute. 
V,= Mean belt velocity feet per minute. 
V;—= Velocity at mean number of R..P. M. 
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CALCULATION OF MOMENT OF INERTIA OF A 
PLANE FIGURE. 


SANFORD A. MOSS. 


The calculation of the moment of inertia of a complicated 
figure is a laborious operation, and unless great care is taken 
mistakes are likely to be made, The following systematic 
method of carrying out the various computations will be found 
to reduce the labor and to give certainty of a correct result. 
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Let Fig. 1 be a figure whose moment of inertia is to be 
found. A dimensioned sketch of the figure must be made. 
A free-hand sketch will do if made approximately to scale. 
Divide the figure up into rectangles and triangles, as indi- 
eated by the dotted lines, approximating the figure as closely 
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as the desired accuracy requires. From the given dimensions 
find the breadth and height of each of the various rectangles 
and triangles. The “breadth” is the dimension parallel to 
the direction of the neutral axis; and the “height” the di- 
mension perpendicular to it. Of course the direction of the 
neutral axis must always be known in the beginning. 

Select a line parallel to the known direction of the neutral 
axis, as a reference axis. This we shall call the “X axis.” 
It may be at any convenient point on the figure. However, 
the work is slightly simplified if the X axis is drawn through 
the center of gravity of the lowest one of the rectangles or 
triangles. Find the distance from the X axis to the centers 
of gravity of the rectangles and triangles. 

The center of gravity of a rectangle is, of course, at half 
its height. The triangles should all be selected so that the 
base is parallel to the neutral axis. Then the center of 
gravity will be at a distance from the base equal to 1-3 of the 
height. 

Set down the various breadths, heights and distances from 
the X axis to the centers of gravity as dimensions of the 
figure. These dimensions can usually be found by mental 
computation. If the figure is drawn accurately to scale the 
dimensions may be checked by being gone over with a scale 
afterward. 

Letter the rectangles and triangles A, B, C, etc., beginning 
with the one whose center of gravity is farthest from the X 
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It is now becoming customary to make all engineering cal- 
culations on some one of the more accurate calculating instru- 
ments, such as Thatcher’s or Fuller’s slide rules. The sample 
calculation given was made on a slide rule with a scale 250 
inches long. 

In column 7 put down the distances of the various centers 
of gravity from the X axis. In column 8 put down the pro- 
ducts of the figures of columns 6 and 7. Find the totals of 
columns 6 and 8 and divide the total of column 8 by the total 
of column 6. The result will be the distance of the neutral 
axis from the X axis, which we will call Z. Subtract Z from 
each of the numbers of column 7 and put down the result in 
column 9. Negative results must of course be indicated with 
a minus sign. 

In column 10 put down the products of the numbers in col- 
umns 6 and 9, giving the negative sign when it occurs. Add 
together all of the positive terms in column 10 and then all 
of the negative terms. The results will be equal if the work 
up to this point has been done correctly. In column 11 put 
down the products of columns 9 and 10, and also the products 
of columns 8 and 5, dividing the latter by 36 for triangles and 
12 for rectangles. Add column 11 and the result will be the 
desired moment of inertia. 

In order to be sure that all of the numerical work has been 
done correctly, the moment of: inertia may be found in an- 
other way for a check. This is done with 12, 13, 14 and 15. 


FIG. 2. FORM FOR CALCULATION OF MOMENT OF INERTIA OF A PLANE FIGURE. 
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axis and proceeding successively according as the distances 
of the centers of gravity from the X axis diminish. If the 
figure is symmetrical, or if for any other reason there are 
several rectangles or triangles of the same height, and whose 
centers of gravity are at the same distance from the X axis, 
they are all to be counted together as a single rectangle or 
triangle whose breadth is the sum of the several breadths. 

Rule off a table as shown by Fig. 2, of course leaving the 
space for the various numbers blank for the present. In 
column 1 place the designating letters of the various rect- 
angles or triangles. In column 2 place the letter R or 7 
according as the figure is a rectangle or a triangle. In column 
3 place the breadth. This is to be the sum of all of the 
breadths, if there are several rectangles or triangles which have 
the same height and which are at the same distance from 
the X axis, as already stated. In column 4 place the height, 
and in column 5 the cube of the height. This is most con- 
veniently found from a table of cubes. The squares of the 
height for column 12 may be filled in at the same time. 

In column 6 place the products of the numbers in columns 
3 and 4, dividing by 2 for triangles. This evidently gives the 
areas of the various figures. In this, as in all of the numeri- 
cal calculation, care must be taken. The lower scale of a 10- 
inch slide rule will give sufficiently close results if care is 
taken to estimate the last figure. 


Of course if no check is desired these columns need not be 
filled out. 

In column 12 put the squares of the numbers of column 4. 
In column 13 put the squares of the numbers in column 9, 
and also the results obtained by dividing column 12 by the 
number 18 for triangles or the number 12 for rectangles, 
calling these quotients ‘“e.’’ In column 14 add the two num- 
bers for each line of column 13. In column 15 put down the 
products of columns 14 and 6. The sum of this column will 
be the moment of inertia and it should agree with the previous 
value. If it does not, there is a mistake in some of the 
numerical work. The sum of the two numbers for each line 
in column 11, should be the same as the number of column 
15. This fact will assist in the location of a mistake. If 
the positive and negative parts of column 10 are equal and if 
columns 11 and 15 give the same sum, the value thus found 
for the moment of inertia is almost absolutely certain to be 
correct. 

Evie ants Wet 

The amount of flow over Niagara Falls has been estimated 
to be 275,000 cubic feet per second or 500 tons per minute. As 
the total fall available from the beginning of the upper rapids 
to the foot of the cataract is 216 feet, the theoretical horse 
power figures to more than 6,000,000, of which about one-six-_ 
teenth will be utilized in the near future. 
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FLYWHEELS, 
THEIR PURPOSE, PRINCIPLE AND DESIGN—CALCULA- 
TION FOR SPEED VARIATION. 
WILLIAM BURLINGHAM. 

This article is not supposed to be highly mathematical or 
to enter into the nice points of flywheel design. It will have 
served its purpose if it gives the working machinist a fairly 
good idea of some of the difficulties that are inherent in this 
work, and the reasons for the adoption of the varying types 
of wheels. 

What is the purpose of a flywheel? In a steam engine or 
other reciprocating machine, where reciprocating motion is 
transformed into one of rotation, there must always be a varia- 
tion in the amount of rotative effort, without regard to how 
constant the force of reciprocation may be. Therefore a vary- 
ing and corresponding change of acceleration must take place, 
either plus or minus, coincident with the change of effort. 
In addition to this, the work required of the engine is con- 
stantly fluctuating and this also varies the effort. 
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Fig. 1. Steel Disk Flywheel. 


As regards the attachment of flywheels to machines, for 
the conversion of mechanical into electrical energy, the uni- 
formity of the required speed is still more important and 
the revolutions of the machine must be kept within a varia- 
tion of certain limits; or, in other words, the speed must be 
practically constant. The governor, of course, comes into 
play to help the flywheel out, the duties of the two being 
respectively as follows: The flywheel, to control the tend- 
ency to change in speed, due to an unequal amount of internal 
effort in the engine; the governor, to limit the variation 
from the change in the external load. In addition to this, 
the flywheel practically automatically compensates or smooths 
over any quick changes of the external load; if this quick 
external load continues to change for any appreciable length 
of time, the governor gradually comes into action. 

The principles involved are the following: As work spent 
is always equal to work accomplished, it follows that, if we 
neglect friction, the work represented by the “mean pressure 
on the piston acting over the length of the stroke” must equal 
the tangential turning effort on the crankpin, acting through 
half a revolution, the latter product representing the resist- 
ance. If equality existed at all points of the stroke between 
the work spent and the resistance, a flywheel would not be 
needed; but as it is, when a piston transmits more pressure 
to the crankpin than is necessary for the resistance to 
be overcome, the wheel must absorb the surplus, and the 
velocity of the wheel is accelerated by this surplus and work 
is stored up in it. If the piston fails to transmit sufficient 
tangential pressure either from want of actual pressure or be- 
cause the crank is near or at the dead center, the work stored 
in the wheel is given out to the shaft again. When the en- 
gine reaches its mean speed, which speed may vary from 
day to day in proportion to the work it is doing, it is only 
the fluctuations above or below these mean speeds that the 
flywheel has to look out for. 

The influences of the inertia of the reciprocating parts is 
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important in all large engines, where the moving parts have 
great mass and the velocity is considerable. The effect of 
inertia may be considered as a force acting in opposition to 
the steam pressure at the inner dead center, and in conjunc- 
tion with it at the outer dead center. The flywheel does 
nothing to make the mean effort of the engine equal to the 
mean resistance. 

The ordinary flywheel used in this country is built of cast 
iron, and we have had many serious accidents from the burst- 
ing of these wheels, because of bad design, hidden flaws, or 
wheels that were run way above their designed speed. Wheels 
will run away now, and will run away until the end of time, 
and the only thing we can do is to make them strong enough 
to endure until the engineer can reach the throttle and close 
down the engine. 

Fig. 1 shows a novel type of wheel suitable for the severe 
work of a traction plant. It is used on a 600 kilowatt set for 
power and lighting in the works of Messrs. Workman, Clark 
& Co., Ltd., Belfast, and was designed by Mr. Chas. EH. Allen, 
a director of that firm. The diameter is 12 feet and the ad- 
vantages claimed for it, which seem correct, are as follows: 

1st. The rim is continuous, and the strength maintained, 
therefore, practically to the full. 2d. The number of bolts 
in the rim being much more numerous than spokes, the 
stresses that occur, due to the bending of the rim between 
the points of support, are correspondingly less. 3d. The steel 
disks connecting the rim with the hub are made very strong 
to resist the great torques of sudden changes of speed, a very 
important matter in a flywheel for electric traction. 5th. It 
is exceedingly cheap to make. 6th. The stresses in the arms, 
due to the cooling and shrinkage of a cast iron wheel are 
absent from a wheel of this type. 

If a larger wheel of this type were made it could be made 
with the rim in sections, when all the above advantages 
would obtain, except the first. Another type of wheel, claimed 
to have been originated by Prof. Sharp, is shown in Fig. 2. 

Steel wire of great tensile strength is wound around the 
periphery of the wheel. With a well-made wheel of this type 
it is practically safe to run it at three times the velocity of 
an ordinary cast iron wheel. Hence it would store nine 
times the energy for the same weight, at the same radius of 
gyration, as a cast iron wheel. i 
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Fig. 4. 


A wheel of this type is used at the Mannsmans Tube Works. 
About 70 tons of steel wire was wound on the wheel with a 
tension of about 50 pounds. The flywheel was 20 feet in 
diameter and ran at 240 revolutions per minute, equal to a 
peripheral speed of about 250 feet per second. The speed of a 
cast-iron wheel of the same diameter would be about 100 feet 
per second. 

Danger of Flywheels Bursting. 

As regards the danger of flywheels bursting, Professor Barr 
states that it is not realized how dangerous they are and 
mentions a case in point. It was on an experimental engine. 
The makers of the flywheel on which an experimental brake 
was used had, contrary to his wishes, and entirely on their 
own responsibility, made the flywheel with a solid boss. One 
evening, during the run, a report like a gunshot was heard 
and the observers noticed that the flywheel was running out of 
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true. The rim of the wheel was just warm, about as warm 
as one’s hand. The engine was stopped and they found three 
of the arms out, and six broken. The middle one was open 
about 3-32 of an inch. There must therefore have been an 
enormous initial stress in the arms. There were two fly- 
wheels on the engine and the makers were told that they 
must replace both. They said they would replace the broken 
one with a new one having a split boss and cut the boss of 
the other wheel. They were warned as to what would hap- 
pen, but they put the wheel in a slotting machine and before 
they had cut half way through one side of the boss, the 
stresses of the wheel completed the job in a manner astonish- 
ing to the workman running the slotter. 

Great care must be taken regarding test specimens, as a 
test specimen cast from the same melting as the wheel does 
not necessarily indicate the same strength as that in the 
wheel. Test specimens. vary also according to the way they 
are cast, so that a high factor of safety must be allowed in 
all cast wheels—say from 12 to 15. 

Mr. C. A. Matthey, Scotland, says that, considering the 
ultimate of British cast-iron as 16,000 pounds, it was safe to 
assume a factor of safety of 8, with a speed of 140 feet per 
minute; the arms to be cast with the rim but without the hub, 
thus avoiding cooling stresses, the hub being conscientiously 
fitted afterwards. This involves entering the arms sideways 
and not radially into pockets in the hub. He justifies this by 
exampling the same construction in cane mill practice, where 
both flywheels and gear wheels are thus made, standing up 
well under the extremely severe work of these mills. He 
thinks that the attachment cf the arms to the rim, when 
separate from solid rims, should be such as to drive the rim 
around without pulling it in toward the center. Let the rim 
support itself by its own tensile strength without radial pres- 
sures at a number of points. 

The strength necessary in the arms of a flywheel has little 
if anything to do with the centrifugal force, and their sections 
should be proportioned to the driving moments they ex- 
erted in storing up energy in the rim and in re-delivering 
it to the shaft. In certain kinds of engine service a good 


rule is to make the flywheel arms strong enough to pull up 
the wheel from full speed to a dead stop in one revolution. 


DOWEL PLATE AND COTTERS LINKS AND LUGS 
b d 
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Fig. 3. Examples of Flywheel Joints. 


From Mr. A. Marshall Downie’s B. Sc. paper in rans. of 
Ins. Engineers and Shipbuilders, Scotland, I quote the fol- 
lowing: “The combined cross-sectional area of the arms in 
well designed wheels of the type used tor electric traction, 
etc., is generally from two to three times the cross section 
of the rim. The strength of the arms as beams, fixed at the 
inner end and loaded at the outer end, with the force required 
to produce an acceleration, either plus or minus, in the mass 
of one segment, while changing the velocity through the 
limits specified in the time elapsing between two consecutive 
points of coincidence of the actual and mean crank effort 
lines, should also be considered: and this, together with the 
resistance to shearing by the same load, should not tax the 
material above one-eighth of its ultimate load.” 

The fixing of the arms to the hub is usually by means of 
bolts or cotters and their strength in double shear should be 
equal to that of the arm in shear or tension, whichever is 
greater. 
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Flywheel Rim Joints. 

Several forms of rim joints are in use for flywheels. Among 
the principal ones are the following: a, flanged and bolted; 
b, dowel plate and cotters; c, arrow-headed bolts; d, links 
and lugs. As illustrated in Fig. 3, the following points must 
be observed: 

a—In flanged and bolted joints, the bolts should be as 
near the rim as possible, consistently with getting a deep 
flange. The bolts should be carefully fitted at each end and 
cleared in the center, so that the stress on them should be ten- 
sile rather than shearing. They should all be initially 
stressed by screwing up, if possible to the same amount. 

b—The accurate machining and fitting of the dowel plate 
and cotter joint is most important. It should be so designed 
that the strength of the cast-iron, cotters and portion of the 
dowel plate in shear is equal to the strength of the portion of 
the dowel plate in tension. The accuracy with which the ini- 
tial stress in this form of joint can be adjusted is an important 
feature in its favor. 

c—The arrow-headed bolt joint is a shrunk joint, and is 
open to the objection that the initial stress on the bolts due 
to the shrinkage is a more or less unknown quantity and the 
ultimate stress, therefore, indeterminate. The points to be 
attended to in its construction are accurate machining be- 
tween the lugs on the bolts and rim, and provision for clear- 
ance at the center, for the same reason as noted in a. 

d—The link and lug joint is also a shrunk joint and sub- 
ject to the same objections as c on that score. If made with 
the lug projecting, as shown in the figure, it has the advant- 
age that the section of the rim is not diminished at the joint. 
The increase of weight, however, which such a form necessi- 
tates is a good reason for removing the position of the joint 
nearer one arm. From the experiments of Professor C. H. 
Benjamin in the proceedings of the American Institute of Me- 
chanical Engineers and from the workings of the engines of 
the Metropolitan Street Railway, Mr. Downie has drawn the 
following conclusions: 

A good average value for the energy necessary to be stored 
in flywheels for electric lighting purposes is 2.9 foot-tons per 
electric horse power; and in traction plants, 4 foot-tons. 

Where practicable, cast-iron flywheels should have one-piece 
rims, but when jointed the best form is the link and lug 
type, where such can be adopted without inconvenience, and 
the next best is the dowel plate and cotter. Flanged and 
bolted joints should be avoided and the best place for a joint 
is near one arm. 

One-piece rim cast-iron flywheels may be run at a peripheral 
speed of 100 feet per second with the certain knowledge that 
the factor of safety is not under 12, and link-jointed wheels may 
also be run at that speed and have a factor of safety of 8. 
A lower factor of safety should not be used, and flange-jointed 
wheels should not be run above 70 to 75 feet per second. Built 
steel wheels may be run up to 130 feet per second. Arms 
should be joined to rims with large fillets and their fixing to 
the hub should be carefully fitted. 

The best material of its kind should be used in the con- 
struction, and homogeneity should be insured as far as prac- 
ticable by having test bars from each segment cast and 


proved. 
Calculation for Speed Variation. 
For the design of flywheels pertaining to lighting and 


traction the paper of Mr. Downie, with discussion, may be 
found in the Trans. Ins. Engs. and Shipbuilders, Scotland, and 
is recommended to the reader. 

For regular engine work, however, two sets of formulas are 
presented from Mr. Foley and from Mr. Marichal. The 
formulas from, Mr. Foley are as follows: 

Given permissible variation in velocity above and below 
mean, to find necessary weight of rim. 

W =area piston sq. in. X M. E. P. in Ibs. X stroke in ft. x 
de joyehe (eval ey, Oe RIDA Se 19) 


(Rim velocity in feet per second)? 
W=weight of rim in pounds. 
i! 
— = fraction that variation of velocity from mean velocity is 
Cc of mean velocity . 
x” per cent. = percentage that variation of work from mean re- 
sistance bears to mean resistance, viz., to mean work. 
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Suppose an engine 18 inches by 30 inches stroke 
whose diameter is four times the 
stroke, or 10 feet. Assume the variation of work from 
mean work to be 30 per cent. What weight should the fly- 
wheel rim be so that the variation of velocity shall not be 
more taan ,, on each side of mean velocity? 

x per cent. = 30. 

C= 50: 

Area piston = 254.5 square inches. 

Stroke = 2.5 feet. We have, 

Mean pressure 28.2 pounds. 


Mean work or mean resistance during one stroke = 254.5 X 


Example: 
to have a_ flywheel 


298.2 X 2.5 =17942.2 foot pounds; and 30 per cent. of this 
equals 5382.6 foot pounds. 
Vy? 
—_—_ & — — 5382.6 foot pounds, and at 120 revolutions 
82.2 C 


per minute the rim velocity would be 62.83 feet, and C being 
50, we have 
5882.6 x 322 x 50 


Wi = 2195 pounds. 
(62.88)? 
TABLE. 
S, = .097017 V? Marichal. 
Vv Si Revs. per minute for Rim Speed 
aa a Dia. of of feet per second. 
Velocity Tensile Pulley 
of Rimin| Strengthof | in feet 
feet per | Metalin Rim y 150 100 2) 
sec. lbs per sq. in. 
50 242.5 4 716.7 477.8 324.7 
60 349.3 6 477.8 318.5 222.9 
70 475.4 8 358.2 238.8 167.1 
80 620.9 [etek 286.5 181.0 133.7 
90 785.8 12 238.8 159.2 111.5 
100 970.2 14 204.6 136 4 95.5 
110 1173.9 16 179.1 119.4 83.57 
120 1397.0 18 159.2 106.1 74.28 
130 1639.6 20 148.2 95.5 66.85 
140 1901.5 22 17 1802 86.8 60.77 
150 | 2182.9 24 119.4 79.6 55.71 
160 2483.6 26 110.2 73.5 51 42 
170 2803.8 28 102.32 67.2 47.75 
180 3143.4 30 95.50 63.7 44,57 
190 3502 3 | 32: 89.55 59.7 41.79 
200 3880.7 34 84,27 56.17 89.33 
210 4278.4 36 79 64 58.10 37.08 
220 4695 6 38 75.44 50.29 35,21 
280 5182.2 40 71.76 AT.77 33.44 
210 5588.2 | 42 68.21 45.47 31.88 
250 6063.6 44 65.11 43.41 30.38 
260 6558 3 46 62.28 41.52 29.06 
270 7072.5 48 59.68 39.79 27.85 
280 7606.1 50 57.30 38.20 | 26.74 
290 8159.1 52 55,09 36.738 | 26.71 
300 8731.5 54. 58.05 35.37 | 24.76 


D = dia of wheel in feet. 5S; = .000266 x (DN)? for cast iron. 

N= revolutions per min. S, = .000292 x (DN)? for steel. 

For tandem engines, the effect is cumulative; hence calcu- 
late flywheel for each cylinder and add weights. 

For quarter-crank compounds, calculate as for tandems 
and multiply by 0.625. 

For three cranks calculate as for tandems and multiply 
result by 0.4166. 

Formula of Marichal: 

d@ diameter of cylinder in inches. 

S = Stroke of piston in inches. 

D =Mean diameter of flywheel rim in feet. 

N = Revolutions per minute. 

V = Rim speed in feet per second. 

P =Maximum pressure on piston in pounds per square 
inch (difference between initial and back pressure). 

F —Fluctuation of speed in per cent. of mean speed. 

W=Weight of flywheel in pounds. 

S,— Strain on rim section in pounds per square inch. 

a — Area of rim section required to give rim two-thirds the 
total weight of wheel. 


Then 
ad? S P aS P 
W = 76000 == = x 208 
(CLSIND) eb Wr 


S, = .000266 (DN)? 
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W 
a = .068 — 
DD) 
OP ISIE: 
F = 76000 ———__——_ 
(DN aN 


Nystrom gives: 

P=Radius of gyration of wheel in feet—W —=its weight in 
pounds. 

P,= Radius of gyration of hub in feet—W,=its weight in 
pounds. 

P,=Radius of gyration of arms in feet—W.—their weight 
in pounds. 

P, = Radius of gyration of rim in feet—W,—its weight in 
pounds. (See Fig. 4.) 

P= VRP 


Pa = VP LP LSA 
A] ae oe 
2 a 
2 


‘ ay P+ W.P2 + Ws Pe? 


Ww 
N= Revolutions per minute of wheel. 
F = Mean total force acting on piston in pounds. 
S = Stroke in feet. 
f =Irregularity in fraction of speed (\N). 


338 FS 
Pepe 
W PN? 

338 FS 


PML aA) 
18.4 FSs 


Vi den JU SE 
P Wit-a-/f) 


18.4 
pe ae eae 
N W [1 — Ghat 
A gas compressor running at N= 40, has a mean effective 
pressure of 57.87 pounds in the steam cylinder, and 68.68 
pounds per square inch in a gas cylinder. Their areas be- 
ing 113.09 and 38.484 square inches. Therefore # = (57.87 
xX 113.09) — (68.68 X 38.484) = 3,901 pounds. W = 2,276 


pounds. P= 1.872 feet: S=1.5 feet.” N= 20: 
Example— 
\/ 338 FS 
‘(ee ole 
W P? N? 
* * * 


The first vessel to surpass the Great Hastern in length and 
displacement was the Oceanic, placed in commission in 1899, 
and since that time there has been a gradual increase up to 
the present Cedric. One reason why the Great Hastern was a 
commercial failure was that sea ports, especially those of the 
United States, were too shallow to allow her entrance without 
danger of grounding. But a more important reason was the 
inability of the shops of that day (1858) to produce boilers 
and engines commensurate with the requirements of so large 
a boat. 

Near the end of the Civil War the Navy Department built 
the Wampanoag with a single regard to speed high enough to 
enable her to catch privateers. But her boilers were built 
for a pressure of only 32 pounds. The Cedric, which is de- 
signed to make about the same speed, will carry 210 pounds 
of steam. The plates were small and heavy because rolls were 
small and the material (iron) required much thickness to give 
it strength. The result was enormously heavy machinery. 
The introduction of compound, triple expansion and quadruple 
expansion engines is in great measure due to the production 
of cheap steel and the possibility of getting sufficient steam 
power without sinking the steamer with boilers. Comparing 
the Wampanoag with the Charleston, Naval Constructor Hol- 
lis has pointed out that the gain in twenty years consisted in 
reducing the weight of engines, boilers and coal from 46 to 
36 per cent. of the displacement. The engine of the United 
States steamship Powhatan, built fifty-four years ago, weighed 
508 tons, or 972 pounds per horse power. 
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HEAT RESISTANCE THE RECIPROCAL OF 
HEAT CONDUCTIVITY. 

In a paper, submitted by Mr. William Kent, at the Decem- 
ber, 1902, meeting of American Society of Mechanical En- 
gineers, he states that during a study of heat-conducting 
power of various substances used for heat insulation, he has 
discovered that the comparison of results obtained from differ- 
ent experimenters would be facilitated if the results were 
reduced to a common basis of coefficients of heat resistance, 
instead of being expressed in the number of British thermal 
units transmitted per hour, or per day, by each square foot 
of surface per degree of difference of temperature of the 
air adjoining the two surfaces. 

The use of these figures representing resistance instead of 
those representing conductivity is analogous to the usual 
practice in electrical calculations, the chief advantage being 
that resistances in series may be added together to obtain 
total resistance, while the conductance of several wires or 
other bodies acting in series cannot be added to obtain the 
total conductance. Thus, if R, and R, are the resistances of 
two wires arranged in series, or one after the other, their total 
resistance is R,+R,. If ec, and ¢c, are the conductances of 


it a 


these two wires, or the reciprocal of the resistances, = —, —, 
R, R, 


respectively, their total conductance is not ¢c,+ ¢., but 


1 1 
1+f-—4+— 
Cae Ce 


The meaning of this, as applied to heat conductance, may be 
made clear by considering the following hypothetical case. 
Suppose that in testing the heat-conducting power of a certain 
substance, say a sheet of cardboard, we find that its conduc- 
tivity, expressed in British thermal units per square foot per 
hour per degree of difference of temperature is 0.8, and that a 
sheet of felt tested in the same way gives the figure 0.4; 
placing a felt between two boards we obtain 0.2; two felts 
between three boards, 0.1143; three felts between four boards, 
0.08; four felts between five boards, 0.0615. 

Authorities on the subject of heat transmission generally 
agree that the resistance to the passage of heat through a 
plate consists of three separate resistances; viz., the resist- 
ances of the two surfaces and the resistance of the body of 
the plate, which latter is proportional to the thickness of the 
plate. 

A complete set of experiments on the heat-resisting power 
of heat-insulating substances should include an investigation 
into the difference in surface resistance when a surface is in 
contact with the air and when it is in contact with another 
solid body. As the result of a series of such experiments the 
writer has prepared a table giving the coefficient of heat re- 
sistance for a great number of combinations of boards, cork, 
pitch, paper, etc., from which their relative values for refrig- 
erator and cold storage construction purposes can be readily 
determined. 

From the results of German experiments the following 
formula has been derived for the heat resistance of brick walls 
C= 0.70 + 0.20 ¢; 
in which C= heat resistance; t= thickness of wall in inches. 

In the following table, calculated by this formula, the value 
of OC differs only slightly from that derived by the original ex- 


periments: 

Thickness. G: K. Thickness. (e K. 
eV genre oiticce eats 1.50 O.6Gi oe ite sch aL os 5.50 0.182 
Selneiebe entire 2.30 0:43 Sie Sine ee 6.30 0.159 

2: Uy eens te ae 3.10 OBPEY ORDE ii sa cn an ee 7.10 0.141 

16-in shane ei eietars. s 3.90 Ue2bG me eG-it bee! 7.90 O27 

ZO-INae ne one 4.70 Urdiss  eOSine o onan eorer 8.70 0.115 


K in the table equals the B. T. U. transmitted per hour 
per square foot of surface per degree F. difference of temper- 
ature. 

In conclusion the writer proposed the adoption of a standard 
for expressing heat resistance or the heat insulating power 
of various substances as follows: 

The coefficient of heat resistance of a substance is equal to 
unity divided by the number of British thermal units trans- 
mitted in one’hour by a slab 1 Square foot in area, and 1 inch 
thick per degree Fahrenheit of difference of teraperature be- 
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Or 


tween the two faces of said slab, both surfaces being exposed 
to still air. 

It should be noted that the coefficient of resistance thus 
defined will be approximately a constant quantity, for a given 
substance under certain fixed conditions, only when the differ- 
ence of temperature of the air on its two sides is small—say, 
less than 100 degrees Fahrenheit. When the range of tem- 
perature is great, experiments on heat transmission indicate 
that the quantity of heat transmitted varies not directly as 
the difference of temperature but as the square of that differ- 
ence. In this case a coefficient of resistance with a different 
definition may be found—viz, that obtained from the formula 

CLs 
i= , in which a is the coefficient, 7—t the range of 
qd 
temperature, and gq the quantity of heat transmitted, in Brit- 
ish thermal units per square foot per hour. 
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A REVIEW OF THE STEAM ENGINE IN 1829.* 
Go. FE: 


Hoene Wronski, a scientist of Polish origin, who died in 
Paris in 1858, published a number of works, among which 
was a pamphlet issued in 1829 entitled “An examination of the 
actual state of the steam engine, from the standpoint of 
mechanics and manufactures, in order to arrive at the solu- 
tion of the problem presented by these machines; with a sup- 
plement giving a rigorous mathematical theory of steam en- 
gines founded on a new theory of fluids.” 

In this now rare work, Wronski examined the general con- 
dition of mechanical industry. The author lays down twelve 
principal points that stand out more prominently than others 
in the progressive development of the steam engine. The 
first lies in the actual use of steam by its expansion and con- 
densation, as proposed by Papin but first realized by Savery in 
1696. The second, though purely a negative one, is the inven- 
tion of the safety valve by Papin in 1682. 

The realization of the movement of the piston in a cylinder 
by the alternating action of the expansion and condensation 
of the steam, as effected by Newcomen and Cawley, consti- 
tuted the third great step in the progressive development of 
the steam engine; a patent for the device having been issued 
in 1705. 

The movement of a piston in a cylinder, obtained by the 
action of high-pressure steam and without condensation, as 
proposed by Leupold in 1724, was the fourth step. The saving 
in steam consumption obtained by the various inventions of 
Watt, especially the condensation outside the cylinder was the 
fifth step. The sixth was the regulation of the direct action 
of the steam upon the piston in the place of air. This was 
also due to Watt. 

The seventh great step of advancement may be represented 
by the aggregation of the mechanical means used for the pro- 
duction of steam, for taking it into the cylinder, for governing 
its action, as well as for the transmission of the action of the 
piston to the shaft or principal motor, and to the different 
pieces that go to make up the moving parts of the machine. 
These improvements are due to a number of persons, among 
them Boulton and Watt. 

The realization by Watt of the cut-off, by which it became 
possible to use the steam expansively in a part of the cylinder, 
was evidently the eighth fundamental step along the line of 
improvement of the steam engine. The ninth lies in the utili- 
zation by Hornblower of two cylinders to obtain the two dis- 
tinct actions in the use of steam at the same time, namely: 
the constant action of its continuous pressure and the variable 
action due to expansion which was equally continuous. 

The combination of the two-cylinder engine of Hornblower 
with high-pressure steam, made by A. Woolf and serving as a 
sort of transient machine connecting the old condensing en- 
gines with the later high-pressure engines, can surely be 
regarded as the tenth essential step in the evolution of the 
steam engine. 

The determination by English and French physicists— 
among whom the name of Dalton is prominent— of the laws 
governing the phenomena presented by the action of steam can 


* Translated from Bulletin de la Société des Ingénieurs Civils. 
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well be regarded as the eleventh step in the progress of the 
steam engine. Finally, the use of high-pressure steam without 
any condensation, as firmly established in Trevethick’s engine, 
and which became of special value in the propulsion of car- 
riages, was the twelfth and last step in the development of the 
engine of the time. 

Wronski would have liked to have seen a thirteenth step— 
the substitution of rotary for reciprocating engines, in which 
he saw an enormous loss of power, due to the impulse of the 
piston and all of the moving parts of the machine being so 
frequently stopped and started. He also says, “It is generally 
recognized by all engineers that the total output of the best 
steam engines, such as they are building to-day (1829), is 
only one-half of the energy put into them by the steam.” But 
surely, however great the frictional resistance of the engine 
might have been, it does not seem possible that it could have 
peen equal to one-half the total energy of the steam. 

Although Wronski’s ideas may seem to us to be very ex- 
traordinary, we must not lose sight of the fact that they were 
shared by a large number of people at that time; and it is 
these incorrect ideas as to the economy of the reciprocating 
engine that led to the long-continued attempts to build an 
engine in which the rotation was accomplished direct from 
the action of the steam. 

The author laid down seven conditions that should be ful- 
filled in the construction of a steam engine. These are as 
follows: 

1. It should occupy the least possible amount of space; 2, 
in this minimum of space it should have the greatest possible 
amount of cylinder space for the action of steam, and should, 
at the same time, be of the lowest weight consistent with the 
requirements of strength and freedom from breakdowns; 3, 
its erection should be independent of the place of construction, 
so that it may be easily transported in sections; 4, its con- 
struction should be of the simplest character and consist of 
the minimum number of pieces; 5, the machine should be cap- 
able of being built at low cost and repaired at any place by 
ordinary machinists; 6, it should be so self-contained that its 
power may be rendered available without the use of wheels, 
cranks or other methods of transmission. As a consequence of 
this it should be possible to run it horizontally, vertically or 
in any other position in which it may be put; 7, finally, it 
should have a continuous and regular action and utilize the 
steam consumed to the utmost advantage and with the mini- 
mum losses from internal friction. 

In this and what precedes there is little that is not in accord 
with modern practice, but the author then goes on, in a sup- 
plement, to elaborate mathematical conditions of steam-engine 
work, in which he shows that the principles of cylinder con- 
densation were not known; for it was not until 1838 that 
Thomas gave a true solution of the phenomena of cylinder 
condensation due to the action of the walls of the same and 
the piston. 

Although Wronski was disposed to believe that the ultimate 
improvement of the steam engine lay in the direction of the 
rotary machine, he did not believe at all in the possibilities of 
the reaction machine of the Hero type. It is quite natural 
that with the lack of accurate data in 1829, the author should 
have taken erroneous positions in regard to many points; but 
in his selections of the twelve great steps in the development 
of the steam engine he did pick out the most important fea- 
tures that had been brought out up to that time, while his 
essential conditions for a successful engine might almost be 
adopted by the designers of the present day. 

* * * 

The Bureau of Statistics has issued.a summary of the growth 
of the manufacturing industries of the country since 1870 
and of the progress in agriculture, including products for home 
and foreign consumption. Since 1870 the population has in- 
creased practically 100 per cent. Agricultural production has 
increased 92 per cent., or almost the same rate as the increase 
in population, while the production of manufactures has in- 
creased 209 per cent. Of the agricultural products we now 
export 132 per cent. more than in 1870 and the exportation of 
manufactures has increased 538 per cent. Comparing figures 
with 1850 the production of manufactured products is now 13 
times as great, while the population has increased but a little 
over three times in that period. 
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STEEL CASTINGS.* 


SPECIFICATIONS, USES, PROCESSES, RELIABILITY. 

The raw materials that usually enter into the making of 
steel castings are steel scrap, pig iron and iron ore. The scrap 
consists of the crop ends of plates, shapes and forgings and 
the borings and turnings from the machine shop. The bulk 
of the furnace charge is scrap, the proportion of pig being 
about one-fifth at the beginning of a run—that is, immediately 
after a furnace has been rebuilt—and increasing up to nearty 
three-tenths at the end of the run, when the furnace lining 
and brick work generally are getting so slagged and burnt out 
as to require renewal. These proportions are of acid steel, 
basic steel using larger quantities of pig. The amount of iron 
in the ore is a secondary consideration, the ore being used 
chiefly for its oxygen, which comes into play in oxidizing the 
metalloids carbon, silicon, sulphur, phosphorus. The propor- 
tion of ore required in a charge depends upon the character 
of the other ingredients; ordinarily in an acid furnace from 
one to two, or two and a half per cent. would be used. There 
have been cases where scrap could not be procured, and the 
charge has been made up, of necessity, entirely of pig and 
ore, over three-fifths being pig. Hematite ore is the variety 
most used, and is obtained in large quantities in the Lake 
Superior region in this country and Canada; much of it is 
also imported from Cuba, Spain and elsewhere. 

The amount of carbon combined with iron makes one differ- 
ence between wrought iron and steel and between steel and 
cast iron. A second and equally important difference is the 
method of manufacture and the resulting properties and char- 
acter. Wrought iron is soft and fibrous; cast iron is hard, 
crystalline and brittle; steel comes in anywhere between. 

Basic steel is used in making castings, but not so generally 
as the acid product. Cheaper raw materials can be used in 
making basic steel, and phosphorus, the element chiefly ob- 
jected to, can be nearly eliminated. It is more expensive than 
acid steel, however, and fewer heats per run of furnace can 
be turned out. With acid steel the number of heats will reach 
nearly three for each twenty-four hours, depending upon the 
size of furnace and character and quantity of work. 


Oper Hearth Furnaces. 

These raw materials are melted down in a reverberatory 
furnace with gaseous fuel distilled from special bituminous 
coals in gas producers. Under each end of the furnace is a 
pair of regenerators—one for air, one for gas—which com- 
municate with the furnace on one side and on the other with 
flues leading to the sources of supply of gas and air to the 
chimney. Reversing valves are located at the point where the 
flues meet, and about every twenty minutes, while the furnace 
is in operation, the valves are shifted and the currents of air 
and gas turned in the opposite direction. Each regenerator 
is nearly filled with fire brick built up in such an open checker- 
board manner that the air and gas find their way among and 
through them, absorbing heat from them on their way to the 
hearth, and, when spent, giving up heat to those in the oppo- 
site regenerators. 

With this type of furnace a temperature of 4,000 degrees 
Fahrenheit can be attained, but as the supply of gas and air 
is at all times under control the temperature can be made 
whatsoever may be desired. The process in the furnace will 
be acid or basic according to the character of the furnace 
lining—basic linings and additions being used in one case and 
an acid lining, such as ordinary fire brick and fire clay, in the 
other. 

Specifications. 

Castings requiring annealing are placed in annealing fur- 
naces, where they are gradually and uniformly heated up to 
temperatures depending upon the composition of the metal 
and varying between 1,200 and 1,600 degrees Fahrenheit, kept 


soaking at the maximum temperature for a time determined 


by their size, and allowed gradually to cool without exposure 
to the air. When cold the coupons are detached and the neces- 
sary test specimens cut from them and machined accurately 
to required size. These specimens are then broken or bent 
in an approved testing machine according to the specifications 


* Abstract from Journal of the American Society of Nayal Engineers, 
February, 1903. 
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prescribed. The latest specifications of the Bureau of Steam 
Engineering are here given in full: 

(1) The physical and chemical characteristics of steel cast- 
ings must be in accordance with the following data, to meet 
the requirement of the Bureau of Steam Engineering of the 
Navy Department: Class A castings, annealed; tensile 
strength 80,000; elastic limit 35,000; per cent. elongation in 
two inches, 15; reduction of area, per cent., 20; maximum phos- 
phorus, .06; cold bend, %-inch radius, through 90 degrees. 
Class B castings, annealed: Values of above specification change 
to the following, taken in order: 65,000; 30,000; 18; 25; .06; 
through 120 degrees. There is also a third class, called Class 
C, which will ordinarily be subject to surface inspection only 
at the building yard. They will not be tested unless there 
are reasons to doubt they are of a quality suitable for the 
purpose for which they are intended. The inspector will 
select a sufficient number of castings and have them crushed, 
bent or broken and note their behavior and the appearance 
of the fracture. 

(2) Kind of material.—Steel for castings may be made by 
the crucible, open-hearth, Bessemer, Tropenas or any other 
process approved by the Bureau of Steam Engineering. The 
material must be of uniform quality throughout, In case of 
doubt on this point, the inspector will have drillings for com- 
plete analysis, taken from the surface and from the center of 
the thickest parts. In all cases analyses will be made for 
phosphorus, and no casting shall contain more than six one- 
hundredths of 1 per cent. 

(3) Treatment.—All castings, except those of Class C, shall 
be annealed, unless otherwise directed. If castings are sub- 
jected to any special treatment, the inspector will make such 
additional tests as he may deem necessary to see that the 
treatment has left the material of uniform character through- 
out. In case the results obtained by the first tests do not 
conform to the specifications, the manufacturer may re-treat 
the castings and submit additional pieces for test. 

(4) Surface and other defects.—All castings shall be thor- 
oughly cleaned before they are presented for inspection. They 
shall be sound, free from brittleness, injurious roughness, 
sponginess, pitting, porosity, shrinkage and other cracks, cavi- 
ties, foreign substance, and all other injurious defects. Par- 
ticular search shall be made at the points where the heads or 
risers join the castings, as unsoundness at such points is likely 
to extend into the castings. 

(5) Test pieces—Sound test pieces shall be taken in suffi- 
cient number to thoroughly exhibit the character of the metal 
in the entire piece from each of the following castings, viz.: 
Shaft struts or brackets, main cylinder or valve-chest liners, 
main pistons and followers, eccentric, reversing and rock shaft 
arms, crossheads, bedplates, columns of main engines and 
main air pumps, shaft couplings, and all large castings weigh- 
ing over 200 pounds. All other castings may be tested by lots, 
as follows: A lot shall consist of all castings from the same 
heat, annealed in the same furnace charge. From each lot 
two or more tensile and one or more bending test pieces shall 
be taken, and the lot passed or rejected on the results shown 
by the tests. The test pieces may, at the discretion of the 
inspector, be cut either from coupons to be molded and at- 
tached to some portion of the casting, or else from sinking 
heads, in cases where such heads of sufficient size are em- 
ployed. Coupons are to be attached so as not to interfere 
with the successful making of the casting, but at the same 
time to show the quality of the material. In the case of cast- 
ings tested by lots, and if the manufacturer so desires, the test 
pieces may be taken from the body of a casting selected by the 
inspector from the lot. In no case shall the coupons’ be de- 
tached from their castings before they are stamped by the 
inspector. In special cases where the attachment of a coupon 
would be liable to injure the casting, the coupon may be cast 
with small runners to the gate, or separately in the same 
flask, so that they may be easily identified when the casting 
is knocked out of the sand. In all such cases the sanction of 
the inspector must first be obtained. 

(6) Percussion test.—Large castings shall be suspended and 
hammered all over with a hammer weighing not less than 7144 
pounds. No cracks, flaws, defect or weakness shall appear 
after such treatment. 
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Uses of Steel Castings. 


Steel castings are used for cylinder and valve-chest covers, 
for pistons, crosshead guides and slippers, bearing caps and 
shoes, eccentric sheaves and straps, rocker arms, thrust-bear- 
ing boxes and collars, bedplates and housings and other parts 
of main and auxiliary machinery; for boiler headers, mani- 
folds, drum ends, dry pipes, manhole and handhole doors and 
other parts of boilers; anchors, anchor davits, hawse pipes, 
chocks, mooring and towing bitts, stems, stern posts, stern 
tubes, shaft brackets, manhole covers and other parts of ships’ 
hulls, gun mounts, parts of dynamos and motors. Their use 
in ship construction and aboard ship is thus seen to be a large 
and important matter. 

The cast-steel girders for the 16-inch army gun carriage, 
the gun now being tested at the Sandy Hook proving grounds, 
measure each 33 feet by 17 feet by 5 feet, and will weigh 
about 100,000 pounds apiece; the carriage presents problems 
in transportation from the foundry to the arsenal at Water- 
vliet on account of size and weight. A large casting turned 
out in the eastern part of Pennsylvania for a hydraulic forging 
press to be set up in the western part of the same State re- 
quired about 320,000 pounds of metal from six open-hearth fur- 


naces to pour it. 
Cire Perdu Process. 


Some five hundred years ago, more or less, a method of cast- 
ing bronze statuary in which wax played a chief part was 
evolved and practiced. A mass of clay was built up into a 
shape roughly resembling the desired figure, and this was 
coated heavily with the wax preparation. This wax was then 
cut and carved into the finished shape, and, in its turn, cov- 
ered with a heavy layer of clay. By sufficiently heating the 
mass the wax was melted out, leaving a perfect mold and core, 
and the molten bronze was then run into it and the desired 
statue thus produced. To-day there is a patented process in 
use, for turning out a large number of steel castings of the 
same size and shape, which makes use of this idea. A master 
mold of cast iron is made, and a number of patterns are cast 
in this of an alloy fusible at low temperature, such as a mix- 
ture of antimony and bismuth. The damp molding sand is 
thrown at and around these alloy patterns by pneumatic appa- 
ratus, and the molds, thus quickly and cheaply made, are then 
dried in the usual way. The heat of the drying ovens melts 
the patterns, and the fluid alloy runs out at the bottom of the 
mold and is caught to be used again. The bottom of the mold 
being closed, fluid steel is poured in, and when the castings 
are shaken out very little cleaning is required to present them 
ready for service or for the machine shop. 


Are Steel Castings Reliable ? 

A forged or rolled object is worked down from a billet 
which previously was hammered or pressed down from an 
ingot or part of an ingot, and during these stages of manufac- 
ture the metal is more or less thoroughly squeezed and pressed 
and caused to flow upon itself in various directions, and all 
parts, inside and out, receive some heat and power treatment, 
so that the impression grows in the minds of those who manip- 
ulate the forgings and of those who witness the manipulation 
that the accepted objects are free from weakening defects; 
the assurance of their trustworthiness is positive. 

In the case of castings no such certainty or confidence is 
created. A steel casting may come out of the final cleaning 
process a thing of beauty, the physical and chemical tests may 
gladden the heart, the required machining may show up no 
flaws, yet the fear will not down that below its surface some- 
where a treacherous cavity or other weakness may some day 
get in its deadly work—a day when most dependence is neces- 
sarily placed upon the casting, when most damage may result 
from its failure to do its duty. However, the industry is 
steadily improving; all things human, especially all things 
American, are marching forward, and in time this fear will 
disappear, and eventually as much reliance be placed in a 
steel casting as in a hammered, pressed, rolled or drawn ob- 
ject, but the question may now be asked, Is that time in sight? 

* * * 


The Treasury Bureau of Statistics report that for the first 


three months of 1903 the Beaumont oil fields shipped 16,428 
cars loaded with petroleum, or 2,791,483 barrels. 
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BLOWING ENGINE FOR THE SHARON STEEL CO. 


The large blowing engine shown in the accompanying halt- 
tones and line cuts, Figs. 1 to 5, is one of a lot of six being 
puilt by Mackintosh, Hemphill & Co., Pittsburg, Par iet OT: 
the Sharon Steel Co., Sharon, Pa., one of the constituent 
It is a 


companies of the United States Steel Corporation. 
30-inch and 60-inch 
and 60 x 72-inch 
Corliss horizontal, 
cross - compound, 
condensing engine, 
having a capacity 
of 30,000 cubic feet 
of free air per min- 
ute at the normal 
blast pressure of 18 
pounds and asteam 
pressure of 150 
pounds per square 
inch, running at a 
speed of 60 revolu- 
tions per minute. 
The blast pressure 
may be increased, 
however, to 25 
pounds in cases of 
emergency, and the 
speed may be varied 
up to a maximum 
of about 70 turns 
per minute. 

The general design of this blowing engine, is typical of 
the rugged strength and massiveness characterizing the 
rolling mill machinery built by this firm. Mackintosh, Hemp- 
hill & Co., we may mention in this connection, is one of 
the oldest machinery building and founding concerns in 
Pittsburg, having been originally the famous Fort Pitt 
Foundry which was established in 1810. A brief account of 
the early histcry of this foundry was given in the April, 


Fig. 2. Blowing Engine built by Mackintosh, Hemphill & Co. for Sharon Steel Co. 


1901, issue. To revert to the matter of design it is well 
understood that reliability of this class of machinery, which 
means the ability to run week in and week out with a 
minimum of stoppages for repairs, is of first importance and 
is a condition absolutely necessary in the economical opera- 
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tion of a blast furnace. A serious breakdown of a blowing 
engine may easily mean a loss of thousands of dollars in 
loss of product and damage to the furnaces. This being 
the case we shall look at the design of this engine with 
renewed interest since it is a foregone conclusion that it is 
one that is known to be of proven merit. 

In the elevation, 
Fig. 3, the construc- 
tion of the frame 
may be profitably 
studied as a prob- 
lem in design. This 
part of a machine 
77 feet 6 inches 
long, which must be 
rigidly connected in 
all parts, yet free 
to expand and con- 
tract with varia- 
tions of tempera- 
ture in the compo- 
nent parts, is a most 
troublesome one to 
the designer of this 
class of machinery. 
In fact it may be 
safely stated that in 
all. probability ex- 
pansion and con- 
traction stresses 


Fig.1. End View of Blowing Cylinders showing Tail-rod and Guides and Caps to Dash-pots of Outlet Valves. i 
have been responsi- 


ble for more failures of rolling mill engines and blowing en- 
gines in the past than any other cause. In this design the front 
part of the frame carrying the main bearings, is connected to 
each blast cylinder by means of a 7-inch tie-rod at the top, and 
the extended base of the blast cylinder, at the bottom. The 
steam cylinders are connected to the front casting so as to 
be perfectly free to expand and contract longitudinally with- 
out affecting the integrity of the frame in any degree. 
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Capacity, 30,000 cubic feet of Free Air per minute. 


Six separately adjustable eccentrics are provided for oper- 
ating the Corliss valve motion and the inlet valves of the 
compressor cylinders. In the plan view it will be observed 
that the connections between the eccentrics and the steam 
valves are uniformly in a straight line, which does away 


= = iia 
2 a 
io (©) (0) © LOW-PRESSURE oO 
STEAM CYLINDER ae 
oo 
qllatbs = L 
9) @ 
=<_{o {55} 


BEAST=CY-EINDER 


==l5 E 


—7 A a == Sal a 
io 
= : A Sj g HIGH-PRESSURE 


MACHINERY. 


6 © 5 aes = STEAM CYLINDER 
SS Lae © e) fo} © ) g 
x EE SH 
BE, \ 
Y/ J \ 
lz \ oy 
5 / Y 
= = yu s / y/ \\ 
! = ° = — | ny) x a 
Oo o O° Yi es 
” le] (oe) . 
10 64” o <3 a oe 
l= i — 2) 
ea YW 

® \ 
CAC er 
Too 7 = = 

a [eam Industrial Press, N.¥. \ be fa, 
==) = SON GN Se 
===) \ 
| \ 
RECEMWER=—— S 
\ | 7 
\ 


June, 1903. 


Fig. 3. Plan and Side Elevation of Blowing Engine. Total Length over all, 77 feet 6 inches. Cross-compound Condensing Engine with Corliss Double Eccentric Valve Gear. 
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Fig. 4. Plan and Side Elevation of Blast Cylinder showing Circular Grid Inlet Valves, Mechanically Operated, and Poppet Outlet Valves. 


with all twisting, canting effects that are unavoidable when 
the connections are not direct. The steam inlet valves are 
operated by one eccentric on each side, and one each for the 
exhaust valves. This of course, gives the well-known advan- 
tage held by the double-eccentric Corliss engine of having an 
extended range of cut-off, and makes it possible to operate 
their engines for a wide range of speed and blast pressure. 
The receiver between the high- and low-pressure cylinders 
is also a reheater, which feature is supposed to materially 
lessen the condensation losses in the low-pressure cylinder. 

The air outlet valves of the compressor cylinders, are of the 
single poppet type, 12 inches in diameter, and there are 
seven in each cylinder head arranged in a circle close to 
the piston rod. They are held to their seats by heavy volute 
springs, and are provided with dash-pots to prevent slamming 
when forced open by the pressure developed in the cylinder. 
The inlet valves, which are mechanically operated as already 
stated, are of the circular grid type, 5 feet 5% inches mean 
diameter, and are set between the heads and cylinders sur- 
rounding the space occupied by the poppet outlet valves. 
The inlet valves are oscillated in a plane at right angles to 
the cylinder axes which makes their movement by a simple 
reliable mechanism, an interesting feature. The construc- 
tion of the compressor cylinders and of the air inlet valve 
motion, is shown in the plan and elevation sections, Fig. 4. 
A eross section, Fig. 5, gives further details. 

The ports covered by the circular grid valve are 1 11-16 inch, 
and the bridges 2 3-16 inches mean width. The mean travel, 
that is, the travel on a radius equal to that from the center 
of the valve to the center of the valve motion connecting- 
rod pin, a distance of 2 feet 8% inches, is 1.98 inch. This 
movement is effected through the valve connecting-rod F, and 
the lever E, Fig. 5. The lever Z is pivoted and is connected at 


the upper end to a transverse slide D which is operated by 
the longitudinal slide A, Fig. 4, which of course is directly 
connected to the eccentric rod, and has hardened steel insets 
C set at an angle and engaging the rollers B B, and are 
mounted on the transverse slide D. The proportions of the 
two arms of the lever ZH, are such that the movement im- 
parted to the transverse slide by the longitudinal slide, is 
multiplied about two times, thus reducing the actual move- 
ment of the transverse slide to something like one inch. 
Both the longitudinal and transverse slides run in babbitted 
bearings. The rollers B B are of large size, being 6 inches 
diameter and 4 inches thick. 

It is scarcely necessary to point out that the air cylinder 
piston is carried free of the bottom of the cylinder by the 
tail rod, which in turn is borne up by slippers running on 
guides. This feature is of great importance in the operation 
of a compressor, as it saves great wear on the cylinder and 
much loss of power by friction. The outside bearings are 
obviously in a position to be much more effectively lubricated 
than the interior of the cylinder. The piston rods are secured 
in the middle slipper by double keys. It will also be noted 
that the blast cylinders are water-jacketed which we believe 
has not been a common practice hitherto. The clearance is 
reduced to 114 per cent. 

The flywheel is of the built-up type, 25 feet diameter and 
weighing 40 tons. The rim sections are connected together 
by shrunk links on the sides and inner circle, thus giving 
three links for each joint. The crank disks are steel dast- 
ings 86 inches diameter. 

* * * 

A summer school for artisans is to open at the University of 
Wisconsin, Madison, July 6th. Practical courses in mechanics 
and engineering, and shop work, are to be given. 
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PISTONS AND PACKING RINGS.—5. 


“SNAP RINGS.” 
J. H. DUNBAR. 


The snap ring made of cast iron is the most popular packing 
for piston heads just now, and bids fair to continue to be so 
for a long time to come. This is due principally, to its cheap- 
ness, ease of renewal, etc., and a widespread sentiment that 
it is “good enough.” While some find fault with it on account 
of its liability to break, or because of an occasional one which 
has been badly proportioned, poorly made, or which for some 
other reason has not had a chance to be satisfactory, the snap 
ring nevertheless is holding its own against the field. 

Packing rings are seldom made of any other material than 
east iron, but their relative proportions vary largely. ‘There 
are, however, but two types of snap rings, viz., the one made 
of uniform section, and the eccentric. These are shown in 
Figs. 1 and 2, respectively. Each is made about one per cent. 
larger than the cylinder, and has a corresponding amount cut 
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respects. It is shown in Fig. 4, and is laid out from the figures 
in the following table, which are copied from Unwin’s “Ele- 
ments of Machine Design.” 


10 degrees from the top, thickness is .197 times that at 
bottom. 

20 degrees from the top, thickness is .311 times that eat 
bottom. 

40 degrees from the top, thickness is .489 times that at 
bottom. 

60 degrees from the top, thickness is .630 times that at 
bottom. 

80 degrees from the top, thickness is .745 times that at 
bottom. 

100 degrees from the top, thickness is .837 times that at 
bottom. 

120 degrees from the top, thickness is .908 times that at 
bottom. 

140 degrees from the top, thickness is .960 times that at 
bottom. 

160 degrees from the top, thickness is .990 times that at 
bottom. 

180 degrees from the top, thickness is 1.000 times that at 
bottom. 
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Fig. 5. End View of Circular Grid Inlet Valve and Operating Mechanism. (See Opposite Page.) 


out of its circumference, so as to let it slide freely in the 
cylinder, when the ring is sprung into it. Their thickness 
and radial dimension are great enough to allow them to be 
sprung over the follower, or flanges of the piston, and “snap” 
into their grooves, without too much danger of breaking in 
the operation. About three per cent. of their diameter is a 
practical thickness for Fig. 1, making a ring for a 20-inch cyl- 
inder %-inch thick, and 20 3-16 inches outside diameter. Fig. 
2 has the same diameter, but % and % at its thick and thin 
sides respectively. 

It will be seen that rings of uniform section, when turned 
larger than the cylinder, and cut and sprung into it, will bear 
only on two opposite lines, top and bottom, as shown in Fig. 
3. It has been believed that rings like this will soon wear a 
cylinder oblong; hence many remedies have been proposed 
for the ailment. The eccentric ring has been mentioned as a 
panacea for the complaint, and when made according to Prof. 
S. W. Robinson’s formula, it is theoretically perfect in all 


In designing a ring from this table, first draw a circle to 
represent the diameter that the ring is to be turned and de- 
cide upon the bottom, or thickest part, say %4 inch for a 20- 
inch ring. Now space the circumference as in Fig. 3, then 
beginning with nothing at the top, make the thickness at 10 
degrees, .197 X 34 = .197 & .75 = .14775 inch, say 5-32ds, and 
so on around the ring. It will be found that if we set the needle 
point of our dividers above the center of the outside of the ring 
(.206 times the thickness of the ring at the bottom), the other 
leg of the dividers may be set to sweep through two-thirds of 
the points that have been made from the table, so there is no 
need of calculating further down than 80 degrees. In making 
the ring in the shop, it will be necessary to square up the 
points, till the ring will close enough to go into the cylinder. 

In practice, this ring would be very objectionable, owing 
to the liability of the thin ends to break off and to wedge in 
between the follower and cylinder. Or, if they do not break, 
the side wear of the grooves and ring at its thin part would 
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be excessive. To obviate this trouble, the rings are turned 
regularly eccentric, as in Fig. 5, and the ends eased off with 
a file, on each side of the joint, till they fit the cylinder. 
After fitting a number of rings in this way, one of the boys 
suggested to do the easing act in the lathe, by shifting the 
casting in the chuck, and taking a light cut off the thin part, 
as shown in the line C OC, after the rings had been bored and 
turned. This method very materially lessened the amount of 
filing required to make the rings fit, and in some cases was 
good enough, without touching with a file, a few rubs through 
the cylinder being all they needed. In order to secure uniform 
groove wear, rings of this kind are now usually recessed on 
each side, as shown in the cross section at the bottom of the 
ring in Fig. 5. 
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Types of Cast Iron Snap Rings. 


I found that for pistons, say 15 inches and under, the eccen- 
tric type of ring does not give enough groove surface to insure 
the best results, especially if the engine runs at a high rota- 
tive speed. In larger engines, after the piston is worn down, 
the same fault is found. Take our 20-inch piston, for example, 
which we will suppose has worn till it is 44 inch smaller than 
the cylinder. Now, if the piston rides on the bottom of the 
cylinder the packing ring will only have % inch of a hold in 
the groove, and when the ring wears 1% inch, something is 
going to happen. If the rings are made as in Fig. 2, and 
doweled to the piston, so that their joints are kept near the 
bottom of the cylinder, the ring contact with the piston is 
nearly uniform and the packing O. K. More groove area would 
of course be better, and I decided to make a ring having a 
uniform cross section, which should have as many of the 
eccentric ring’s virtues and as few of its faults as possible. 
This is accomplished by making a ring that is initially dis- 
torted, as in Fig. 6. The theory of this method is, that if a 
ring of uniform cross section, the diameter of the cylinder, is 
cut through at one side, and then expanded by internal forces, 
until it is open at the joint one per cent. of its circumference, 
it then presents a shape to make others by. 

I have made these rings, by first making a pattern ring as 
just described, and then having rings cast from it, the castings 
peing finished in a special grinding machine. Not enough 
advantage was found in their use to justify a claim that they 
filled a long-felt want, although they fit a round cylinder to 
perfection. Round rings of uniform section that are “flat- 
tened” at the joint, as in Fig. 5, when put into service, imme- 
diately adjust themselves to their surroundings; so that when 
worn out they still have a uniform thickness, or at least, as 
nearly so aS when new, showing an equal amount of wear on 
all parts of their circumference. 

New rings, proportioned as above, have a pressure against 
the cylinder of about five pounds per square inch. We can 
imagine how insignificant a little lack of uniform spring 
pressure will be when we consider that the ring is subject to 
an internal steam pressure of a hundred pounds or more to 
the square inch, to set it out to the cylinder. Even if a ring 
touches the cylinder only in spots at the start, it will soon 
accommodate itself to it. Suppose that to illustrate this point 
we take a round ring 20%4 inches diameter, cut it, snap it into 
its groove in the piston, and then put the piston into the 
cylinder. We now find that we can slip a steel ribbon between 
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the ring and the cylinder, say an eighth of their circumfer- 
ence on either side of the joint of the ring. When steam is 
admitted to this piston, some of it leaks past the ring, and 
some of it flows under it. It is only reasonable to suppose 
that as there is no outlet to the groove there will be a greater 
pressure on the inside than on the outside of the ring; hence 
it springs out to the cylinder and stops the leak, and after a 
while it gets worn to fit, and stays out without steam pressure. 
Of course this way of fitting packing rings to the cylinder is 
not recommended. 

It has been, and may be yet, the practice on some railroads 
to turn their snap rings the size of the cylinders, then to saw 
a diagonal joint, and force them over the flanges of the 
piston into their grooves in the usual manner. The rings are 
bent enough by spreading them till they will go over the 
flange, to give them considerable spring, when closed again 
in the cylinder. I do not believe that this method of using 
snap rings is to be commended, unless a stiff steel wire spring 
is put in the groove under them, which prolongs the life of a 
soft ring having but little elasticity of its own. 

So far, only the diametrical shapes and proportions of snap 
rings have been briefly mentioned. We now consider their 
axial dimensions, or width. It is plain that a ring must be 
wide enough to allow some travel over the counterbore, without 
danger of springing out into it, if there is a slight change in 
the length of the rods, or variation in the position of the main 
shaft, or other like causes. The width required to prevent 
leakage will in most cases be exceeded by these practical 
limits. To make a piston steam-tight, it ought not to require 
a wider ring for a 40-inch cylinder than one 5 inches in 
diameter, provided the surfaces of the ring and the cylinder 
and other conditions are the same in each case. In practice, 
I believe that rings for cylinders between 30 and 15 inches in 
diameter, are usually made from % to 1 inch wide. There is 
no single dimension of a detail of an engine where authorities 
are likely to be further apart, than on the width of packing 
rings. Unwin gives 

w—d.014 + .08 
Whitham’s formula is 
w=d.1d. 
In both formulas d is the diameter of the cylinder, and w 
the width of the ring. Unwin makes a 20-inch ring % inch 
wide, Whitham, 3 inches. If cylinder wear and lubrication 
are proportional to the width of packing rings, then ten of 
Unwin’s equals one of Whitham’s. It is to be hoped that 
authors of works on the steam engine will get together and 
agree on some of the small, but very important, details. 


Fig. 7 
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Ring with Side Twist and Ring with Joint Covers. 


The ring shown in Fig. 7 is copied from Unwin, but may be 
found in other like works. While Unwin shows the illustra- 
tion, he treats it with “a loud silence,’ when it comes to 
description. The object in giving the ring a side twist is no 
doubt to prevent its hammering in the groove, a condition 
“devoutly to be wished;” but we must remember that a 
packing ring to be a success in keeping the live and exhaust 
steam on opposite sides of the piston, must have one edge in 
contact with the piston, and its circumference with that of 
the cylinder. If a ring lies in its groove on the “bias” it is 
easy to see that steam can get into the groove on one side of 
the ring, and out at the other. Besides, a ring must be active 
in its groove, or it will soon get stuck fast with burned oil 
and then it is useless. 

In horizontal engines, there can be no leak at the joint of 
the ring, if it is doweled to the piston near the bottom of the 
cylinder, for then the flange covers the joint perfectly, as 
shown in Fig. 8. In two-ring pistons the joints should be 
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staggered, one on each side of a vertical center line through 
the piston. So far as leakage is concerned, there is no neces- 
sity of the piston being packed except where it does not touch 
the cylinder. I remember, when we were short on rings, send- 
ing an engine out with only a part of one ring, in the left-hand 
piston. The piece was long enough to pack the exposed part 
of the piston, and was kept in that position, by a dowel pin 
at each end. The engine went out, and the engineer did nol 
know that anything unusual had happened to his engine until 
several months later, when his engine was in for other re- 
pairs, and the left-hand piston was examined. When the 
cylinder head was taken off, the brake was set and steam 
admitted to the back end of the cylinder. The boys said the 
piston was “bottle-tight,” but that the cylinder was marked 
along the travel of the ends of the broken ring. Of course a 
new set of packing was put in. 

This incident was the basis of a great deal ot speculation 
aiming at minimum and uniform cylinder wear. I will not 
narrate the many schemes that were suggested, but show the 
result in Fig. 9, which does not appear to admit of further 
modifications, till after-use shall develop such as are neces- 
sary. 

The chief objection to using steel pistons is that cast steel 
and cast iron do not always work well together. For instance 
a steel shaft will run on a cast-iron box as well as on almost 
anything else, for a variety of purposes; but I do not think 
it would be good practice to run a cast-iron shaft on a steel 
box under any conditions; nor a steel piston on a cast-iron 
cylinder. The advantages of steel pistons do not need to Be 
enumerated further than to say that the lighter the piston the 
less the cylinder wear, other things, of course, being equal. 
Hence our design is for a steel head, but so constructed that 
nothing but cast-iron surfaces shall touch the cylinder. 
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Fig. 8. Ring Doweled to Piston so that Joint comes at Bottom. 


Fig. 9 shows a skeleton bull ring, well ribbed, cut in sec- 
tions, and forced into a groove in the steel piston. The out- 
side of this ring is beveled off to correspond with packing 
rings whose cross sections are, say, a 30- and 60-degree paral- 
lelogram. The packing rings are made in two sections; the 
top one is 240 degrees long, and the bottom 120. The bottom 
sections are not made from the same ring as the top, but are 
made deeper and wider, so as not only to fill the groove clear 
to the bottom, but also wide enough to be forced into it. To 
all intents and purposes, they are a part of the bull ring. The 
top sections, with the exception of the shape of their cross 
section, are proportioned about the same as snap rings. A 
flat steel spring, crimped at the top, to fit into a hole in the 
piston, has a hook at each end, and the action of the spring is 
to lift and also to expand the top section, while the weight of 
the piston keeps the bottom section set out to the cylinder. 
The flanges of the piston are cut away on the bottom to allow 
for a reasonable amount of wear of bull ring before the 
flanges can touch the cylinder. 

Of course, steam will get under these rings, just the same 
as though they had a square cross section, but it will not set 
them out to the cylinder with the same force; for, assuming 
the joint or contact between packing and bull ring to be steam- 
tight, the packing ring is steam-balanced in radial directions. 
Some pressure is necessary between the ring and cylinder, to 
keep the ring from leaking, but I think it should be constant 
for all steam pressures, and not vary with that pressure. ‘There 
can be no doubt cylinders would wear parallel if the pressure 
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was constant; as it is, the wear is most where the pressure is 
greatest. 

Mr. Ramsbottom, an English engineer and inventor of what 
is called to-day a “snap ring,’ found them to be tight against 
100 pounds steam pressure, with a radial pressure of but 314 
pounds per square inch. With present high pressures, say 
we use a five-pound tension for rings, then if they are steam- 
balanced, we shall have but about five per cent. of the ring- 
friction and ring-wear that we have now. While the direct 
saving in power would be small, it would simplify the problem 
of lubrication very materially, and very appreciably lengthen 
the interval between cylinder borings and bushings. Renew: 
als of packing ring and piston adjustments would also be less 
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Fig. 9. Piston having Skeleton Bull Ring and Beveled Packing Rings. 


frequent. I shall have to plead guilty to discussing this same 
topic in my last letter under this heading, and as an apology 
will say that the subject does not seem to be exhausted. 

Fig. 10 shows two of the most popular joint covers for pack- 
ing rings. In one, the edges of the ring are reduced to receive 
a cover-piece; in the other, the groove is milled out to let it 
in. In both, the cover-piece is held out by a spring, usually 
a flat one riveted to it. In the former the ring may revolve 
in the groove, while in the latter it must be doweled to the 


piston. 
* * * 


Probably there is no more severe test of a man’s qualities 
than to subject him to entirely changed conditions from what 
his life training has used him to. This applies as forcefully in 
the machine shop as elsewhere. Machinists are constantly 
being called on to change their methods, to adapt themselves 
to new machines and to adapt old machines to new work, etc. 
The quickness of the American mechanic to do these things 
is almost proverbial and it is one of the secrets of our mechan- 
ical success. The comparatively recent advent of the high- 
speed tool steels has worked practically a revolution in many 
American shops in the matter of output, and it has also made 
necessary a complete re-designing of the line of machine tools 
built by most makers. Our English contemporaries complain 
of the stubbornness of their machinists in adapting them- 
selves to the changed conditions since the advent of the 
Taylor-White process. One of them seriously states an igno- 
rant laborer brought in to attend a heavy lathe will soon 
secure double, treble or even quadruple the output of the 
experienced man who cannot or will not grasp the significance 
of the new order of things. The laborer is not afraid of cut- 
ting speeds of 60 or even of 100 feet per minute because he 
knows no different. While there may be a grain of truth 
in these caustic remarks, as far as it applies to English shops, 
we are pleased to note that in American shops there is little 
trouble in getting lathes and other machine tools worked to 
their full capacity when using high-speed steels, especially 
where the manufacturer is willing to pay for the additional 
work. Perhaps “there’s the rub” on the other side for it has 
become a pretty well-defined English policy to allow a man to 
earn only about so much regardless of what his output is. 
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ENGINEERING REVIEW. 


CURRENT EVENTS, TECHNICAL AND MECHANICAL—LEADING ARTICLES OF THE MONTH. 


One of the striking novelties proposed for the St. Louis 
Exposition, is an imitation $1,000,000,000 gold coin, that is, 
one in size that if made of solid gold, would be worth the 
sum stated. Taking a $20 gold coin as the standard of 
measurement, the imitation $1,000,000,000 coin will be 40 
feet in diameter and 30 inches thick. 


The Mechanical Engineer states that what is probably the 
largest steam boiler ever built, is that supplied by Normand 
& Co. for a torpedo boat built for the French Government. 
The boiler is of the water-tube type and supplied steam for 
3,550 indicated horse power. Allowing a steam consumption 
of only 1214 pounds per I. H. P., the boiler had to evaporate 
746 pounds of water per minute. “That’s bilin’ water purty 
fast.” 


In a paper read by P. M. Lincoln before the American In- 
stitute of Electrical Engineers, at a recent meeting, reference 
was made to the extraordinary sensitiveness of the ordinary 
telephone receiver which makes it one of the best detectors of 
electrical disturbances known, if not the best. An authority 
is quoted who says that the energy used in an ordinary 16- 
candle power incandescent lamp is sufficient to produce an 
audible sound in 30,000,000,000 receivers! 


In the April World’s Work the writer of an article on con- 
veniences in the modern model American residence, mentions 
the growing use of acetylene gas apparatus for lighting iso- 
lated homes, far removed from municipal gas plants, and in 
connection says that the spent carbide which has always been 
thrown away, has recently been discovered to be a valuable 
fuel. Mixed with coal clinkers it burns with intense heat in 
an ordinary house furnace. So it appears that another 
“waste” product can be profitably utilized. 


An oil fire is one that is practically impossible to extinguish 
when it is extended over an area of much size. Water is 
worse than useless for extinguishing an oil fire as it simply 
spreads it and makes it worse. At the recent (April 15) 
$1,000,000 fire on the famous Spindle Top in the Beaumont 
oil region of Texas, it was again demonstrated that steam is 
an invaluable agent for extinguishing oil fires. The steam 
from a stationary boiler was turned on a burning ditch of 
oil in which the flames were several feet high with the result 
that they were completely extinguished and prevented from 
spreading into a valuable section of the field that otherwise 
would have been burned over. 


The United States commercial agent at Hibenstock, Ger- 
many (Ernest L. Harris), calls attention in a recent consular 
report to a German device for automatically drawing off con- 
densation from steam engine cylinders without wasting steam. 
The device appears to consist essentially of a pair of poppet 
valves mounted in a suitable case which is inserted in the 
middle of a pipe communicating with both ends of the cylin- 
der. The valves are alternately opened and closed by a tappet 
worked by the valve motion, and the water drains out during 
the exhaust strokes. The discharge pipe of the apparatus is 
connected to the condenser in the case of condensing engines. 
It is manufactured by Schneider & Helmecke, Magdeburg, 
Germany, and its success in that country is said to have been 
marked. 


An apparently impossible result may sometimes be attained 
by an inversion of the ordinary process. Stahl und Hisen ina 
recent issue describes a case in point. The refractory lining 
of a blast furnace of the Metz works at Eschsurl Alzette, 
Lorraine, was nearly destroyed after eight years’ use. When 
this condition was reached in February, 1899, the market 
price of iron was so high and the demand so great, that 
serious loss would have been entailed on the whole plant 
by shutting down to re-line the furnace. A new refractory 


lining of firebrick was built outside the red brick exterior, 
brackets having been applied to support the new wall. The 
brackets were applied in 1899, but the wall was not built 
until 1900 when gas was escaping from cracks in the old 
wall. Although the interior volume was increased by nearly 
5,100 cubic feet from the original size it is claimed that 
the operation is fairly satisfactory. 


John Brisben Walker made an address recently before the 
New York Rapid Transit Commission in which he advocated 
a complete revolution in present methods of city transporta- 
tion, employing automobiles in place of street, elevated and 
sub-service cars, or rather in conjunction with them. Mr. 
Walker argued that but comparatively few passengers could 
be carried in each vehicle (all of which would have seats)” 
so that it became to all intents and purposes a through train 
making the trip in quick time and with most passengers, a 
minimum of trouble and annoyance. Not being confined to 
streets with rails the automobile system would be free to 
extend to any and every street, and he believes that the 
system can most successfully compete in the matter of cost 
and convenience with the present ones. Whether this idea 
will ever be realized to the extent advocated, or not, time will 
only reveal, but the indications are that the automobile will 
soon displace the horse-drawn cab, because of its greater 
cheapness and speed, which make it a more reliable and agree- 
able means of getting about, to those who can afford to travel 
more expensively than by street cars. 


Consul Frank H. Mason of Berlin reports that that city 
has one of the most satisfactory electric traction systems to 
be found in any city in the world. The elevated and under- 
ground electric railway, constructed by Siemens & Halske, 
has been in operation for a year and has proved a remarkable 
success. It has very low rates for fares, and yet the profits 
have exceeded the estimated profits for the first year of oper- 
ation by 80 per cent. It carries passengers a distance of three 
miles in 10 minutes for from 24% to 3% cents, according to 
the class of car. It is probable that this System will be very 
much extended to other points of the city and experiments 
are under way looking to a transformation of the steam rail- 
road system between Berlin and distant points, establishing 
more intimate interurban communication. It is proposed to 
substitute for the three or four long express trains which 
run daily between these cities hourly three-car trains capa- 
ble of carrying about 100 passengers and baggage, at a speed of 
75 miles an hour. Prizes have been offered by the National 
Society of Mechanical Engineers for the best designed locomo- 
tive and cars for this service and tests that are to be held in 
the near future will be awaited with considerable interest. 

The Transandine Railway, which is now nearing completion, 
is a most important South American engineering enterprise, 
not only because of the enormous physical difficulties overcome 
in its construction, but vastly more because of the stimulat- 
ing effect it will have on the commercial relations of the two 
countries thus brought into intimate contact, notwithstanding 
the Andean barrier between them. The new railway, which 
is nearly 150 miles long, forms the connecting link between 
the trunk lines of Argentine Republic and the state railways 
of Chile and gives through railway communication between 
the eastern seaport, Buenos Ayres, and the western seaport, 
Valparaiso. It completes the first railway line to cross the 
continent of South America. The terminals of the connecting ~ 
link are Mendoza (2,800 feet) and Los Andes (3,000 feet), 
and the highest point in the line is 10,450 feet above sea level. 
At the summit the line passes through a tunnel 12,800 feet 
long. This, however, is not the highest point reached by 
commercial railways, the Ferro Carril Central del Peru, in 
Peru, having that distinction. Where this line crosses the 
Andes it is 15,665 feet above sea level—the highest point 
reached by any railroad in the world. 
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BEAUMONT OIL WELLS. 

The oil wells in the Beaumont region are not drilled with 
a jump drill as they are almost universally in other regions 
where the oil strata is only reached by penetrating rock. In 
the Texas fields the oil strata lies beneath earth and quick- 
sand, and the ordinary method of drilling cannot be employed. 
The first wells in this locality were abandoned at shallow 
depths because the quicksands filled the bore faster than it 
could be bailed out. The prospector, A. F. Lucas, who dis- 
covered oil at Beaumont was forced to abandon his first well 
from this cause, but he later tried another method by which 
the first famous gusher was “brought in.” In this method an 
eight or ten-inch casing pipe is sunk into the ground by 
washing the earth away from the bottom and forcing it up 
through the pipe. The earth is loosened by a flat drill at- 
tached to the bottom of an inner four-inch pipe by straps so 
that the opening is clear. Through the interior four-inch 
pipe, water is forced downward and at the same time the drill 
is revolved. The water and earth rise in the outer pipe, 
which is forced downward at intervals as the hole descends. 
The four-inch pipe is turned by suitable gearing attached to 
the upper end and connection is made to a steam pump by 
means of a cap and stuffing-box which permit the pipe to turn 
freely, yet confine the water. The first Lucas well struck oil 
January 10, 1901, at a depth of 1,120 feet. Prof. O’Neill, in 
Sunset, says that the flow of oil, water and gas threw out 
700 feet of four-inch pipe weighing about six tons, carrying 
away part of the derrick, and the spray and stones went 300 
feet upward in the air. The flow was estimated at 75,000 
barrels a day, and in a short time it covered an area of nearly 
100 acres, being confined by levees. No wonder people went 
crazy with the speculative fever. Everybody began to drill wells 
and the derricks on Spindle Top were soon so close that they 
actually touched one another in some places. So much oil! 
was thrown on the market that the price went down to two 
and three cents and even to one cent a barrel at the wells. 


THE UNION ENGINEERING BUILDING. 

In the early part of May the announcement was made that 
Andrew Carnegie had offered to give $1,000,000 to the four 
great engineering societies of America and the Engineers’ 
Club of New York City, for the erection of a union building 
in New York to be the common home of these five organiza- 
tions. The plan of having a great engineering headquarters 
in this city, where the engineering interests of both the city 
and the country at large should be centered, has been long 
talked about as a possibility, though hardly as a probability, 
‘because of the enormous expense of such an undertaking. 
With the gift of Andrew Carnegie, however, the possibility 
changes to almost a certainty, depending only upon the favor- 
‘able action of the various societies involved. 

It is worthy of note that this generous action by Mr. Car- 
negie was entirely spontaneous, coming as the direct result of 
‘a meeting of the American Institute of Electrical Engineers 
which he attended and at which addresses were made urging 
a unification of the branches of the engineering profession in 
so far as it should be possible. To carry out the project, pend- 
‘ing the acceptance of the gift, options have been secured on 
property immediately adjoining the site of the new New York 
‘public library building, which if finally used, would bring the 
‘two libraries in adjoining buildings—an arrangement much 
‘to be desired. Mr. Carnegie proposed that ‘the organizations 
pay for the land for the building, and he estimated that 
with what they were now subscribing for rent they would be 
‘able to care for a building such as he would be glad to provide, 
and so the sum comprising his gift is to be devoted solely to 
constructing the building itself. Committees have been ap- 
‘pointed by the societies interested, who have plans under ad- 
visement for carrying through the project in all its details. 
The only hitch in the proceedings that is likely to occur may 
come in the action to be taken by the American Society of 
Civil Engineers, which is the strongest of the engineering 
‘societies and owns a handsome new building of its own, en- 
tirely adequate to its needs for many years to come. Antici- 
‘pating a possible disinclination of the members of this society 
to abandon its present home in favor of the union headquar- 
‘ters, the Engineering News has sent out letters to forty lead- 
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ing men of the profession, asking an expression of opinion 
upon the advisability of the move. The replies were very 
gratifying as showing a strong sentiment in favor of the 
Carnegie plan, and it seems fair to presume that the opinions 
expressed in these letters voice with a fair degree of accuracy 
the views of a majority of the members of the society. 


A.S.M.E. COMMITTEE REPORT ON THE METRIC SYSTEM. 

The report of the committee appointed at the last regular 
meeting of the American Society of Mechanical Engineers to 
investigate the subject of the metric system has been issued 
and distributed to the members. The appointment of this 
committee was the result of Mr. Halsey’s paper upon the metric 
system last winter, which led to a more extended discussion 
than any other paper ever presented before the society. A 
committee had previously been appointed to report upon the 
metric system, but as it was composed entirely of men with 
preconceived ideas against the system and their report was 
accordingly unfavorable to the system, the second committee 
was named, having two members, Mr. Christie and Mr. Miller, 
for the metric system, and two members, Mr. Kent and Mr. 
Bond, against the system, with the view of obtaining a fair 
and impartial review of the question. 

As a matter of course the four members of the committee 
could not get together on common ground and present a com- 
mon report, as there was not a majority either for or against. 
The bulk of the report is therefore made up, first, of the “‘pro- 
metric” argument by the two metric members, and the “anti- 
metric” reply by the anti-metric members, and second by an 
anti-metric argument and pro-metric reply. After these are 
several pages of notes, comments, extracts from the press, and 
various data bearing upon the subject in general. This 
pamphlet has 72 pages, and Mr. Halsey’s paper and discussion, 
which accompany the report of the committee, make up a 
pamphlet of 231 pages. These two present a mass of matter 
upon the metric system, pro and con, such as it is safe to 
say was never before gathered together, and may never be 
again. From the various pages one can find arguments to 
prove anything he wants to about the question, exactly adapted 
to his own ideas and notion of things. The papers do not 
prove anything one way or the other; they probably will not 
convince anybody one way or the other; but nevertheless are 
very good documents to have on file. The beginning of the 
report of the committee of four is composed of a few para- 
graphs that all the members subscribe to and represent prob- 
ably the only main points upon which they are generally 
agreed, and possibly upon which any similar committee could 
agree. They are as follows: 

1. Legislation designed to compel the exclusive use of the 
metric system is not desirable. 

2. We believe that such legislation could not be enforced in 
any event so far as transactions between private individuals 
are concerned. 

3. The general government has the power to specify the sys- 
tem to be used in its own work and business and can require 
that work done for it by contractors shall conform to any speci- 
fied measurements or weights. 

4. The government cannot compel anyone to bid upon its 
specifications. 

5. Recognizing the well settled fact that the consumer does 
and must pay all necessary costs of production, we believe that 
if the government specifies such dimensions as will materially 
increase costs of production, the government and not the bid- 
der will have to pay such increased costs, it being self-evident 
that a bidder, not compelled to bid, will not bid except at a 
price which will afford him a profit. 

6. The bill now before Congress is intended to make the use 
of the metric system compulsory in the several departments of 
the government, but it cannot make it compulsory in private 
transactions. 

7. We believe there is no force in that class of arguments 
which consists in taking integral dimensions in one system, 
translating them into equivalent and therefore fractional di- 
mensions in the other system and then making comparisons. 
Such arguments can be made as strong for the one system as 
for the other. 
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GAS PIPE LINE. 
L’Echo des Mines et de la Metallurgie, March 2, 1903, p. 247. 


It is proposed to erect gas houses at the mines and produce 
gas that is to be taken to Paris under a high pressure through 
pipe lines to be supplied for heating, lighting, power and elec- 
tric generation purposes. It is thought that this can be done 
and the delivery made for .05 france per cubic meter, which is 
equivalent to about 28% cents per 1,000 cubic feet. In regard 
to the liquefaction of the hydrocarbons by pressure or cold 
either singly or combined, it is argued that the temperature of 
distillation has a considerable influence upon the fixation of 
the same. Gas made at a low temperature precipitates more 
benzol than gas produced at a high one. Oil gas is richer in 
hydrocarbon than the richest coal gas, and yet this is sub- 
jected to exceedingly high pressures for transportation. 
Means are suggested for draining the pipes, and the ammo- 
niacal liquor so obtained is to be used directly for fertilizing 
purposes instead of the salts, as at present.—G. L. F. 


LOCOMOTIVE MAGNETIC TRACTION INCREASER. 
Railway Age, April 10, 1903, p. 705. 

The use of magnetism to increase the adhesion of locomo- 
tives has been frequently suggested, and experiments made 
on a small scale seem to indicate that a great increase of 
adhesive power could be obtained in this manner. The article 
under review was called forth by a magnetic traction increaser 
that is being exploited in Chicago and for which apparently 
most extravagant claims are set forth by the company, who 
say that an increase of adhesive power from 200 to 300 per 
cent. is possible. It is shown, however, that according to well- 
established laws of magnetism, the magnetic density of the 
magnets could not practically be made such as to increase the 
effective load on the drivers on a 100-pound rail more than 
1,500 pounds, allowing an area of contact of 34 square inch. 
This is, of course, an addition of only about 10 per cent. of 
the average weight on the drivers of modern locomotives. 
While the small-sized models do undoubtedly show a wonder- 
ful increase in the adhesive power, the increase is not in 
proportion with a full-sized locomotive. In fact, the figures 
given above are liberal and it is quite doubtful if they could 
be reached in practical application. 


THE BROADENING EFFECT OF INTERCOURSE. 
Youth’s Companion, May 21, 1903. 


For many hundred years manufacturers and craftsmen of 
various kinds guarded the secrets of their trades as if suc- 
cess depended upon keeping competitors ignorant of their 
methods. Monopoly of trade was sought through monopoly 
of knowledge. The day of the trade secret has passed, al- 
though there are some survivals where manufacturers are 
not content with the short monopoly that the patent system 
gives them. In its place has dawned the day of trade confer- 
ences, in which men discuss processes of manufacture and 
methods of sale. Men engaged in distinctively intellectual occu- 
pations have long recognized the necessity of getting together 
to compare notes and to talk over the things in which they 
had a common interest. The conferences of ministers and 


medical associations are good examples of the practice. Al- 


though there have been boards of trade and chambers of 
commerce for years, the trade conference in its present form 
is a recent product. It is the result of the broader education 
of the world which has made men dissatisfied until they had 
learned all there is to know about the thing in which they 
are interested, whether it be the manufacture of locomotives, 
the raising of beets, or the origin of Greek roots. 


FINISHED MACHINE WORK. 
Mechanical World. (Manchester) March 18, 1903. p. 121. 


After considerations of price and utility, buyers of machin- 
ery are regardful of appearance in the articles they purchase. 
Other things being equal, the machine with most bright work 
has decidedly the better chance of being sold, and not infre- 
quently bright parts and a high finish will effect a sale in 
spite of a high price. This fondness for polished work is, in 
the opinion of some engineers, a mere fad—a waste of money 
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on the part of the buyer; and they maintain that all the pol- 
ished work in the world will not increase the efficiency of a 
machine. Yet in spite of this we venture to say that the man 
who chooses the bright machine generally makes the better 
bargain, taking full account of the increased price he has paid. 
Probably he buys the bright tool simply to please his artistic 
sense, but there are advantages in bright work beyond a mere 
pleasing appearance. In the first place, the manufacturer is 
compelled to select good materials for those parts which must 
take a high polish. Inferior metal would not pay, because of 
the difficulty of imparting a high finish to it. Another advan- 
age of bright work is that it often shows flaws in the material 
which would have remained concealed in a black job. The 
buyer of a bright job has therefore some guarantee that those 
parts highly finished are of good material. There is yet an- 
other consideration which is all in favor of the bright finish. 
The owner can see at a glance whether the machine is properly 
attended to, and whether it receives rough usage at any time. 
In overhauling the machine the attendant is bound to use the 
bright parts with care. He dare not strike any of the bright 
parts with a naked hammer, nor dare he use bright nuts with 
violence, as the rough treatment would be detected. Hence 
for his own sake he will endeavor to keep all parts easy, so 
that when there is overhauling to be done there will be no 
necessity for rough usage in getting the parts asunder. 


REGARDING THE FIRST STEEL MADE IN AMERICA. 
Iron and Machinery World, April 25, 1903, p. 32. 


W. M. Atherton, of Chicago, Ill., while at Afton, N. Y., a few 
weeks ago, discovered an old document of considerable his- 
toric interest, being a contract made by his grandfather, Cor- 
nelius Atherton in 1772 to instruct John and Ezra Reed in the 
art of making steel. The subject of the contract was of great 
importance to the colonists at the time it was written, as they 
were entirely dependent upon the mother country and Ger- 
many for all the steel they used, and even the German steel 
could reach them only through a British port and British bot- 
toms. How Cornelius Atherton became possessed of the secret 
of making steel is not known; that he was the first manu- 
facturer in the United States is a fact well authenticated. 
The Reeds were merchants and carried on the Dover Iron 
Works, adjoining the town of Amenia. The old steel works 
were built by Cornelius Atherton under this contract. 

Cornelius Atherton was born in Cambridge, Mass., 1736, 
and came to Amenia in 1763, where he soon became the man- 
ager of the Dover Iron Works. In 1769 he returned to Boston, 
and in partnership with John and Samuel Adams and John 
Hancock commenced the manufacture of firearms and cutlery. 
Here he made his first successful experiment in steel. At the 
end of six months the works were burned by an incendiary, 
supposed to be the British soldiers then quartered in Boston. 
In 1770 he returned to Amenia and built the steel works in 
the latter part of 1772, and in 1773 went to Plymouth, Pa. 
He settled on the land upon which the Shupp’s mill was after- 
ward built. Here he made steel in small quantities, and 
manufactured blacksmiths’ anvils and made rifles for the 
hunters. During his residence there he began to use anthra- 
cite coal in his shop. In 1773 he went to Florida, Orange Co., 
N. Y., where he remained until 1783, when he returned to 
Taylorville, Pa. During his residence there he constructed 
the old Wright forge, also the forge of E. & B. Slocum at Slo- 
cum Hollo, now called: Scranton, Pa. At this place he made 
steel in small quantities. He died at South Bainbridge, N. Y. 
(now Afton), in 1809. 


PETROLEUM LUBRICATING OILS. 


Abstract from Paper read by W. F. Parrish, Jr., before the 
New England Railway Club, April 30, 1903. 

The author states that the birthday of the petroleum busi- 
ness of the world was August 28, 1859, when Col. EH. L. Drake 
struck a 25-barrel oil well on Oil Creek near Titusville, Pa., at 
a depth of 16914 feet, boring the hole after methods suggested 
by Bissell. There are three general methods of distilling petro- 
leum which are followed according to whether the desired pro- 
duct is burning oil or lubricating oil: 


1. Destructive distillation, or “cracking.” The crude oil is 
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placed in a still with a large dome and heated to a certain 
temperature, when the fires are slacked and the distilling al- 
lowed to proceed slowly. The distillate passing off condenses 
on the cooler dome, and finally falling back into the hotter 
liquid below is further broken up. This is termed “cracking,” 
and is the general method used in manufacturing burning oils. 
A large amount of product can be obtained in this way. The 
residuum is used for the manufacture of lubricating oils, etc. 
This residuum, if simply distilled and purified by chemical 
treatment after the removal of the paraffine, is what is known 
as “paraffine oil” in this country. 

2. Distillation by the introduction of superheated steam. This 
is done to prevent the overheating of the oil. 

3. Distillation in a vacuum. In this process a partial vac- 
uum in the still is maintained by a pump, and a higher com- 
parative temperature may be used without danger of destroy- 
ing any of the parts of the crude. 

The last two processes are the ones used by the manufacturer 
who regards the lubricating oil as of first importance. 

The author then goes on to show the prime importance of 
purchasing lubricating oils with some knowledge of their 
manufacture. He states that a change of the set of oils used 
in textile mills very often results in the saving of from 5 to 15 
per cent. of the power expended. Seven per cent. reduction in 
power in the average textile mill will equal the price paid for 
the better oil. 

Properly made engine oil can be used over and over again 
indefinitely if filtered and settled. Automatic oiling systems 
are advocated for all power plants, using pumps and gravity 
feed. A lighter oil can be used and fed on the bearings in a 
stream, which is the most effective method of lubrication 


known. 


INDEPENDENT AIR-PUMPS AND CONDENSERS. 
Electrical Review (London), May 8, 1903. p. 803. 


In his usual clear and forceful manner, Mr. W. H. Booth 
points out a practical disadvantage of the independent con- 
densing set in stationary practice that may be unsuspected by 
many power plant engineers. Of course when an independent 
air-pump is employed, its speed may be regulated exactly to 
what is necessary. If the vacuum falls the pump may be 
speeded up, and if it is too high the speed of the air-pump 
may be reduced. But this flexibility of action is the chief dis- 
advantage of the independently-driven condensing set. Young 
engineers are exceedingly perfunctory in their behavior to- 
wards a condensing plant. They look upon the air-pump as a 
pump for air, and take good care to supply plenty of air for it 
to remove. The air-pump is certainly intended to remove air, 
but it is only intended to remove a certain irreducible mini- 
mum and with surface condensation this minimum should, 
obviously, be very small indeed. As a fact, it is usually 
very large, and when an engine is shut down and all valves 
and cocks about it are closed, the vacuum gage on the 
condenser falls rapidly to zero, whereas it should not fall below 
24 inches in the course of an hour. This is a practical possi- 
bility. In theory it should never disappear, but it is excellent 
and exceptional practice which can show a 24-inch ‘‘vacuum” 
after an hour’s stoppage. If anything like this can be shown, 
the air-pump is not being saddled with much unnecessary work, 
and should easily maintain a working vacuum of 26 to 28 
inches. If, however, the vacuum does not hold up well in the 
stopped engine, it may be bad to run the air-pump fast 
enough to maintain 24 inches. Now this is what many engi- 
neers persist in doing. They have a vacuum which will not 
hold up well when the engine and air-pump are stopped, but 
they keep it up to 22 or 26 inches by driving the air-pump at 
an excessive speed, with great waste of power. This is where 
the independent air-pump appears at fault. By its means a 
poor vacuum is made as good as possible by furious running 
of the pump instead of by searching for and stopping leaks in 
injection and exhaust pipes, at glands and cocks, and many 
other weak spots in the chain. When the pump is driven off 
the engine, it can never be run beyond its designed speed, the 
vacuum drops in response to an air leakage, and cannot be 
improved except by stopping the air leak. 
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POWER FROM BLAST FURNACE GAS. 
Electrical Review. April 4, 1903. p. 463. 


More and more attention is being given to production of 
power from combustible gas, especially in motors of the in- 
ternal combustion type; and to ways and means for utilizing 
the lean waste gases from metallurgical plants. The develop- 
ment of the gas engine has reached a point where it is per- 
fectly safe for a large manufacturing establishment to use gas 
engines for motive power. To manufacture gas for power 
cheaply, gas companies have been organized in different cities 
to supply producer gas for fuel and power. The possibility of 
using lean gases economically when they are manufactured 
especially for the purpose, only serves to draw more earnest 
attention to the enormous waste of combustible gases that 
takes place daily in our blast furnaces. For the produc- 
tion of each ton of pig iron it is estimated that gas capable 
of generating 13,587,000 B. T. U. and weighing nearly 10,590 
pounds, is produced which is now for the far greater part 
entirely wasted. The development of blast furnace engines 
has reached its highest point in Germany, which coun- 
try leads all others in this respect. The majority of the gas 
engines in operation in Germany are over 500 H. P. and a 
number are as large as 1,000 and 1,200 H. P. One pound of 
blast furnace gas generates 1,283 B. T. U. and from 20 to 30 
per cent. of this energy can be utilized. One horse power is 
equivalent to 2,545 B. T. U. and on a basis of 25 per cent. 
efficiency something less than 8 pounds of blast furnace gas 
will generate one horse power. The gas from a blast furnace 
producing only one ton of pig iron an hour, allowing a waste 
of 25 per cent., should, if properly utilized, produce nearly 
1,100 horse power hours. This vast amount of waste power 
would be sufficient to operate a large power station. 

The importance of this is further emphasized when we con- 
sider the industry of pig iron production in the United States. 
The average rate of production of pig iron amounts to nearly 
1,500,000 tons per month. The gas generated by the blast fur- 
naces for making this amount of pig iron would be sufficient 
to run several manufacturing plants, and incidentally produce 
more power for electrical purposes than Niagara. The power 
generated by the gas could furthermore be utilized for run- 
ning the blast furnace plants, and still leave a surplus more 
than three times as great for other purposes. The operation 
of pumps and blowing engines by steam generated by coal as 
fuel could be replaced by electrical generators driven by gas 
engines. 


METALLIC TUBING AND TUBE FURNITURE IN GERMANY. 
Consular Reports, April 30, 1903. 


The manufacture of tubes and pipes from iron, steel, copper, 
and other metals and alloys, although of comparatively recent 
date, is one of the most extensive and highly developed indus- 
tries of its class in Germany. There were in operation at the 
close of 1900 seventy-seven manufactories of metallic tubing, 
some of which—as, for example, Predboeuf et Cie., the Man- 
nesrOhrenwerke, and the Réhrenindustrie, all at Diisseldorf— 
are large establishments with ample resources and equipped 
with every facility for cheap production on a large scale. 

The Mannesmann process for rolling seamless tubes and the 
Ehrhardt system by which seamless pipes are drawn by forc- 
ing a mandrel under hydraulic pressure through a block of 
metal, are both German inventions which have been developed 
and worked with notable success in this country; while Lar- 
son’s Swedish process for making steel tubes, the Murphy 
process, and the Robertson and Elmore patents for making 
copper and brass tubes are all employed here under the most 
advantageous circumstances. 

Among the various uses to which iron, steel, and brass tub- 
ing are applied in Germany, one of the most modern and im- 
portant is the manufacture of furniture—especially bedsteads, 
cot frames, and tables for household, hospital, and military 
purposes. Tubular metallic bedsteads are not only cheaper, 
lighter, and more easily flexible than those made of wood, but 
they offer no harbor for vermin and lend themselves readily 
and without injury to disinfection and all the processes of 
sanitation. For these reasons and because they are cheap, 
light, and serviceable, the manufacture of tubular bedsteads 
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and other articles of furniture, which began in England and 
was adopted in Germany hardly a dozen years ago, now em- 
ploys capital estimated at 15,000,000 marks ($3,570,000) and 
from 50,000 to 60,000 operatives. As the industry has devel- 
oped, there has been a steady progress in the effectiveness of 
the machinery employed for shaping, cutting, and jointing the 
parts; soldered joints have given place to screw connections, 
detachable when desired. 

Bedsteads are made either wholly of iron and steel tubing, 
of the same tipped and decorated with brass and nickeled 
mountings, or wholly of brass tubing, the latter class being, of 
course, the most decorative and expensive and adapted to lux- 
urious households, hotels, and private sanitaria. When in- 
tended for hospitals, iron bedsteads are covered with a water- 
proof varnish, which protects them from oxidation or injury 
in cleaning or disinfection. 


THE LJUNGSTROM CONDENSER. 


Abstract from Paper read by William Cross before the British 
Institution of Naval Architects. 

The paper describes a new form of steam engine condenser 
invented by F. Ljungstrom, a Swedish engineer, which is 
remarkable for the great efficiency of the condensing surface 
as compared with the ordinary surface condenser commonly 
used in marine service. The area of condensing surface 
usually allowed per indicated horse power for triple ex- 
pansion engines in the merchant marine, is about 1.3 square 
feet. For the somewhat more economical engines of the 
British navy, and on account of the restricted space, the 
condensing surface is cut down to about 1.1 square feet per 
indicated horse power for the heavy powered vessels like 
battleships and cruisers, and to 0.75 square feet per indicated 
horse power in the case of torpedo boats. Small vessels 
fitted with condensers consisting of D-shaped copper pipes 
attached to the outside of the hull, have the surface still 
further reduced to about 0.50 square foot per indicated horse 
power. The Ljungstrom condenser requires only 0.27 square 
feet of condensing surface per indicated horse power for 
equal engine efficiency. 

Briefly, the Ljungstrom condenser consists of a number of 
thin diagonally corrugated chambers or elements of brass 
fixed together in packets, so arranged that the corrugations 
mutually support one another. These packets are fixed in a 
rectangular casing in such a manner that the cooling water 
flows horizontally through the chambers, and the steam flows 
vertically outside the chambers, it being understood that the 
space through which both steam and water have to pass is 
limited to the depth of the corrugations. The result is that 
a very large number of fine streams of steam and water 
are compelled to travel a sinuous course in close proximity 
to each other, being only separated by the thin walls of the 
corrugated chambers. The upper part of the rectangular 
easing is full of steam at a pressure due to the exhaust, while 
the under side is open to the air pump, the two being separated 
by the packets of corrugated chambers. The steam therefore 
is constrained to pass along the corrugations in intimate con- 
tact with the cooling water, and with sufficient velocity to 
sweep with it all condensed water. The action is thus very 
different to that in a condenser of the ordinary type where 
the steam is admitted into a large chamber full of cooling 
tubes, and allowed to wander about until finally condensed, 
when it drops to the bottom and is drawn off by the air 
pump. 

In large condensers the evil of the steam endeavoring to 
take a short cut to the suction pipe is, to a certain extent, 
recognized, and diaphragm plates are fitted so as to compel 
the steam to traverse more completely over the tubes, but 
even then it is certain that the circulation of steam is very 
defective. 


SLIPPING OF LOCOMOTIVES AT HIGH SPEED. 
Mechanical Engineer, May 9, 1903. p. 624. 

The writer, Mr. C. E. Wolff, refers to the obvious and well- 
known fact that when the horizontal inertia forces in a locomo- 
tive are balanced, a vertical disturbing element is introduced 
which causes a variation in pressure of the driving wheels on 
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the rails. Since these forces vary as the square of the velocity, 
there is clearly a limit of speed beyond which the drivers will 
lift clear of the rails every revolution. Consequently slipping 
must take place at certain points when the speed is such as to 
cause the adhesion of the drivers to fall below the tractive 
force of the locomotive. Based on this theory Mr. E. L. Hill 
in 1892 predicted that it would be impossible to run one of 
the Midland single-driver locomotives faster than 80 miles 
an hour, but unfortunately for his calculations the engine sub- 
sequently drew a train at 87 miles an hour. With the view 
of discovering the reason of the apparent contradiction of 
theory and fact the writer made an investigation of the sub- 
ject with results that are not without interest. 

Plotting the tractive and adhesion curves he found that the 
curve for adhesion fell below the tractive effort curve, it is true, 
at the higher speeds, but only for a period of time of about 
1-18 second for the locomotive investigated by the author. 
Hence before the driving wheels have had time to acquire any 
great velocity the adhesion is once more greater than the trac- 
tive force and no slipping takes place until the crank arrives 
at the same point in the next revolution. 

In order to test this matter the results of Galton and West- 
inghouse’s experiments on the coefficient of friction at differ- 
ent velocities of slipping were made use of. These results 
showed that the value of the coefficient of adhesion is very 


4 
accurately given by the expression 


V + 20 

locity of slipping in feet per second. The moment of inertia 
of the driving wheels and axle was known, having been cal- 
culated for some previous tests in connection with the same 
engine. From these data the accelerations and velocities of 
slip were calculated for successive intervals of 1-500th of a 
second, the coefficient of adhesion for any interval being ob- 
tained from the velocity of slipping at its commencement. No 
appreciable error is introduced by this method of calculation, 
as the intervals of time were so short that the increase of ve- 
locity during any one interval was very small indeed. As a 
matter of fact, the maximum increase of velocity never 
exceeded 1 foot per second. 

The result shows that the total slip to be expected under 
the conditions of the test at 35 miles per hour is about 86 
inches per mile, or % inch per revolution, while in the test 
at 65 miles per hour the corresponding figures are 18 inches per 
mile, or less than 1-10 inch per revolution. It would ap- 
pear that the adhesion curve may fall very considerably below 
the curve of tractive force during part of a revolution without 
continuous slipping taking place. It is also worthy of note 
that the smaller the diameter of the driving wheels the 
greater will be the variation in the adhesion. Hence it is 
possible for the percentage slip to be much greater in the case 
of a coupled engine with small wheels than in the case of a 
single engine having large driving wheels without the slip 
ever becoming continuous. As this slip represents a pure waste 
of energy, this fact may serve to partially explain the superior 
economy of engines having large driving wheels. 


where V is the ve- 


MANUFACTURE OF COLD ROLLED SHAFTING. 
Modern Machinery, May, 19038. p. 148. 


Open-hearth steel of a low percentage of carbon, is the ma- 
terial most generally used for making cold rolled shafting, but 
it must be most carefully made and perfectly homogeneous 
throughout, otherwise the hard spots will cause the shaft to 
“cockle”’ in the planishing process. After being heated to a 
good yellow heat the ingot is passed through an ordinary pair 
of reducing rolls until it is rolled to about one-half inch 
larger than the finish diameter, the allowance, of course, de- 
pending on the size of the shaft. 

The next pair of rolls that the bar is passed to on its jour- 
ney (for this is a continuous operation and the ingot com- 
mences at one end of the mill and never stops until it is ready 
to be planished at the other end) is of an entirely different kind 
than the ordinary rolls, being a pair of horizontal pass rolls 
with a pair of vertical rolls just behind each gully and of a 
slightly smaller diameter than the preceding one. As it is 
necessary to impart a rotary motion to the bar, as it passes 
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through these rolls for the purpose of leaving no seam on the 
bar, oné of the vertical rolls is slightly skewed relatively to its 
mate, thus bringing their centers out of line and imparting the 
rotary motion that is so essential to the high finish given 
to the bar at the end of its journey. The shaft is passed 
through these rolls until it is reduced to about 1-64 inch of 
the finished size and when cold enough to handle is taken to 
the planishing lathe for the final operation. 

This operation is only resorted to, to finish the highest 
class article that is turned out, as the horizontal and vertical 
rolls can be adjusted to finish the bar very closely; but to get 
a bar that is absolutely straight, and of the right size, the 
planishing lathe must be resorted to. This lathe is espe- 
cially built for the purpose and has a pair of hardened steel 
rollers set in a frame on the carriage. These rollers must 
be made very accurate and polished to the highest degree, 
otherwise the bar will show each inaccuracy or flaw as the 
rollers pass over it. The size most generally used is about 
4 inches diameter by 214 inches face, nicely rounded off and 
one roller set 4% inch ahead of its mate. The bar is placed in 
the lathe in the condition it came from the mill and the rollers 
are forced together by a hardened steel gage until the re- 
quired size is obtained. The feed is thrown in and the rollers 
begin the journey and put the size and finish on the bar that is 
almost impossible to obtain with the turning lathe. The travel 
of the rollers is very rapid as the lathe is run at high speed and 
the bar is soon finished so far as this part is concerned. After 
being taken from the lathe, the bar has a beautiful smooth 
finished surface and will be found as straight as it is possible 
to make it; and if the condition of the tools used is as it 
should be, the bar, after passing to the cold saw to be sawed to 
length, is ready to be made part of any engine or machine that 
requires accuracy of finish and beauty of material entering into 
its component parts. 

As this high grade product commands a good price on the 
market and the uses for it are becoming more general each 
year, no expense or care is spared in the machinery used in its 
production. Large sums are spent to produce rolls that will 
do the work in the most efficient manner and great care must 
be exercised in their adjustment to manufacture a product 
that will compete with the best lathe work obtainable. Water 
is used as a polishing medium on horizontal and vertical 
rolls, and the best result is obtained with a fine spray as a 
heavy stream cools the bar too quickly. With the proper mix- 
ing of the metal in the first process the bar when finished 
needs no annealing, but as this is not always done, annealing 
is sometimes required to have the bar soft enough to work 
properly. Especially so when the proportion of carbon is 
greater than it should be; but as the art of making open 
hearth steel has become a science, one might say the product 
from old established firms is very uniform and gives the best 
of satisfaction to the user of this modern and splendid product 
of the rolling mill. 


HIGH-SPEED TOOL STEELS. 

Abstract from Paper read by William Lodge before a recent 
meeting of the Cincinnati Machine Tool Manufacturers 
and Published in the Iron Trade Review. 

In using high speed steels on cast iron we are obliged to drop 
down to a speed of about 45 feet per minute in order to get 
the best results; and while a good deal of cast iron may be 
turned at 70 feet per minute, if this feed is given to the work- 
man he becomes confused as soon as he strikes a casting a 
little bit harder than will admit of this speed. I find in gen- 
eral that the ordinary workman does not reason cause and 
effect sufficiently well to know that the fault lies in the iron 
being a little harder, but is rather inclined to fall out with 
the whole institution as requiring something unreasonable. 
Forty-five feet per minute on cast iron is double what we have 
been accustomed to, and all day long the high-speed steel will 
show about the same tendency to become dull that the ordinary 
tempered steel formerly showed at 20 feet. 

In taking light cuts in cast iron we may readily run up to 
100 feet and even more per minute. On the same line of argu- 
ment, 75 feet for steel in roughing would be more economical 
than a much higher speed on an entire day’s run, because if 
the extreme high speeds were to be kept up all day, it would 
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require a foreman or superintendent to about every three 
men, which we all know would not be at all economical. We 
have found more astonishing results, perhaps, in using this 
steel for the boring of spindles than in the turning. It will 
astonish some of our members, I know, when I say that we 
can bore 50 carbon steel all day long about as follows: Our 
24-inch lathe spindle is 44 inches in length. In this we bore 
a 2%-inch hole, and we do this in 58 minutes. In an entire 
day’s run, counting the mounting into the machine and the 
taking of it out, we average eight spindles on one ma- 
chine in ten hours. Our 14-inch lathe spindle is 24 inches 
long, and in this we bore a 14-inch hole in 18 minutes. The 
tail spindle for the 24-inch lathe receives a 114-inch hole its en- 
tire length, less two inches, and we can readily bore this hole 
every nine minutes. 

On finishing operations and light cuts and in 30 carbon 
steel we do run up to 200 feet, and find on this class of work 
that a high speed and a fine feed are more economical than 
attempting a lower speed and coarser feed, preparing the work 
for the grinding machine so as to leave less work on the 
grinder. I know that this statement is not in accordance with 
the practice of some other concerns; but after having used 
the coarse feeds on work that was going to the grinder, cover- 
ing a. period of six months and tested out carefully, and com- 
paring the results with those secured with a higher speed and 
a finer feed, we find the latter to be preferable. Moreover we 
can get closer to the exact diameter required, leaving less work 
for the grinding machine than when we used very coarse feeds. 

We have been making some experiments on our drill presses 
with the high-speed steels and find that the most astonishing 
results may be had by taking flat drills in Novo steel and on 
account of the high speed possible do much more rapid drilling. 
The flat drill will do its work nearly as well as the twist drill 
if care is taken to have the cutting points ground with the 
same nicety that we would grind the cutting points on a 
twist drill, and, except in cases where blow holes are met 
with, we believe we are going to find great advantages in 
using this steel either for flat drills or straight grooved drills 
made from round stock. On planing work there is no difficulty 
at all in having tools stand for roughing operations up to 55 
feet per minute, arid even more than this on light cuts for 
finishing. In the matter of finishing cuts it depends a good 
deal on the piece as to the advisability of using a higher or 
lower speed; but we get very good results at highest speeds on 
finishing cuts, and the same thing holds good on lathe work. 

We have recently been trying some rather interesting ex- 
periments on heavy tools by brazing flat pieces of high-speed 
steels on to machine steel; and as this steel is so exceedingly 
costly and particularly for heavy planer tools and heavy lathe 
tools, it might be wise for our members to look into this fea- 
ture of economy. I shall be glad to show quite a number 
of these tools fixed in this manner. Of course, much higher 
speeds may be used in planing where the cuts are intermittent 
than where they are continuous or where the piece being 
planed is short. We also find that it is quite possible to use 
the Novo as a steel for finishing—for instance, as “V” thread 
chasing and at rates of speed never dreamed of in our old 
shop practice. It is our experience, and I judge the expe- 
rience of nearly all other machine shop owners, that the ten- 
dency on the part of the men is to use as fine feeds and as 
low speeds as the man in charge will permit, and we find 
that the substitution of the premium system of doing work 
is of greater value in this particular than close superinten- 
dence or increased wages as applied to the regular daily rate. 


CRUSHED STEEL AND STEEL EMERY. 
Abstract of Paper read by M. M. Kann before the American 
Society for the Advancement of Science. 

The author states that crushed steel is a well-known arti- 
ficial abrasive which dates back its origin about fifty years. It 
was first used in some German industries where a harder cut- 
ting material than emery or corundum, was required. Resort 
was made to broken files, but the product was an expensive and 
uncertain abrasive on account of the difficulty in getting uni- 
form fracture and shape of grain. Reference was made to the 
organization of a company for the regulary manufacture of 
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crushed steel in the United States. The Pittsburg Crushed 
Steel Company was organized in 1889 and after a vast amount 
of experimental work they were able to produce an artificial 
abrasive in uniform grains, structure and sizes, of the required 
hardness and toughness, and at a cost that enabled it to be 
placed on the market in competition with natural abrasives 
like emery and corundum. 

This abrasive is manufactured preferably from pieces of 
high-grade crucible steel, heated to a temperature of about 
2500 deg. F. and then quenched in a bath of cold water or 
other suitable hardening solution, which gives the steel a 
granular structure. The pieces are placed under powerful 
hammers or crushing machines, and are reduced to small 
particles, varying from fine powder to grains of many different 
sizes. The steel particles are then tempered, preferably in a 
cylinder or pan and heated to a temperature of about 450 de- 
grees, F., until the particles change their appearance to a straw 
color; they are then cooled by being subjected to cold air in 
various ways. The material at this stage, or before the tem- 
pering process, is graded into many sizes, according to the 
number of mesh openings of the sizing screen per square inch. 
The sizes of diamond “crushed steel” run in numbers from 
No. 5 to No. 60 inclusive. Diamond “steel emery” is similar to 
crushed steel, but it is given an intensely hard temper, and its 
numbers range from No. 60 to No. 200 and above. These two 
abrasives, so closely related to each other, are used for en- 
tirely different purposes in the various trades. Crushed 
steel and steel emery rank very close to the diamond in hard- 
ness, being 9.27 if the diamond is taken at 10. 

Crushed steel is tempered mostly to a tough hardness, while 
steel emery, having different work to perform, is made in- 
tensely hard. A grain of crushed steel, examined under a 
magnifying glass, exhibits a series of sharp points and cut- 
ting angles. In work, as fast as the point is worn down 
another is presented, while should a grain break it presents on 
the fractured face a multitude of new cutting points. 

Crushed steel and steel emery are now used in the sawing, 
rubbing, and polishing of stone, marble, granite, onyx, etc., 
in lens grinding, glass beveling, brick grinding, and by litho- 
graphers, engineers, and plate-glass manufacturers. If a bond 
could be found, so that these steel abrasives could be placed 
on the market in the form of a wheel or brick, the length of 
the above list would be much extended. 

After referring at some length to the various uses to which 
crushed steel and steel emery are put, which practically covers 
all abrasive operations except those requiring a solid material 
like grindstones, emery wheels, etc., the author states that engi- 
neers are finding out the value of this abrasive, which “cuts 
but never breaks.” In grinding metal, the work which steel 
emery will do is considerable, and now all important railroads 
in the United States and Canada consider it an indispensable 
material in their shops. Hardened tool steel, against which 
emery instantly pulverizes, and which will resist the bite of a 
file, yields to the cutting power of these minute grains. 

Lack of acquaintance with steel emery may lead the work- 
man to believe that it has ceased to cut long before its power is 
exhausted. This is due to the absenve of the peculiar grating 
sound produced in its operation, now deadened by the minute 
particles of abraded metal, which thicken the oil and so pre- 
vent the steel emery from doing its work properly. The 
addition of a little oil permits the grains of steel to move 
freely and new life is given them. In ordinary grinding and 
on flat surfaces steel emery is used in precisely the same man- 
ner as ordinary emery, but special care must be exercised in 
its use, because the grains of steel emery are so much smaller 
than the abrasive heretofore used for the same purpose. Oil 
must be applied sparingly to prevent the steel emery being 
drowned or floated away. On curved surfaces, or where there 
is a double seat, one above the other, it frequently happens 
that a lateral “dishing” or swinging movement cannot be 
given. Where such surfaces are to be ground, the work should 
be frequently lifted, so as to prevent grooving. 


THE ARNOLD ELECTRIC-PNEUMATIC RAILWAY SYSTEM. 
Western Electrician, May 2, 1903. p. 345. 

The electro-pneumatic railway system invented by Bion J. 

Arnold, of Chicago, has been subjected to practical tests with 
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gratifying success and is soon to be installed on a twenty-mile 
line in Michigan, the Lansing, St. Johns & St. Louis Ry, which 
has been built on private right-of-way and closely approximates 
standard steam railroad practice, and which it is expected 
will eventually be extended to St. Louis. 

The general features of the Arnold electro-pneumatic sys- 
tem were given to the public in a statement presented by Mr. 
Arnold bfore the annual meeting of the American Institute of 
Electrical Engineers at Great Barrington, Mass., last June. 
(See Macutnery, August, 1902.) Briefly considered, the in- 
vention consists of the use of a single-phase (or, if desired, 
other alternating-current) motor, operating at constant speed 
under constant load, the acceleration and retardation of the 
motor being accomplished by means of compressed ait eee 
single-phase motor with which each car is equipped has both 
its armature and its field capable of revolution about the 
common shaft, either separately or together. An engine Ca- 
pable of compressing air is attached to the armature and a 
similar one to the field, and both are connected to an air-storage 
reservoir on the car. Each of these engines is also capable 
of driving, by means of the compressed air, that portion of 
the motor to which it is connected. Under normal running 
conditions the field magnet is at rest with respect to the car, 
and the armature, which is connected to the car wheels, rotates 
at its constant speed. Slowing down the motor is accomplished 
by releasing the clutch which holds the field motionless. The 
field begins to revolve and the field engine starts to compress 
air. As the speed of the car is decreased the rotation of the 
field is increased, and when the car is stopped the armature, of 
course, comes to rest, but its relative speed, with respect to 
the field, is maintained constant, and the field engine continues 
to store compressed air in the reservoir. 

In starting the car the operations are practically reversed, the 
field engine being throttled, and, in addition, the armature en- 
gine is connected with the air reservoir and aids the arma- 
ture in coming up to speed. Speeds above normal are secured 
by actuating the field engine by compressed air, the actual 
speed of the field being added to the synchronous speed of the 
motor. In ascending a grade the natural capacity of the motor 
is increased by the armature engine, and in descending a 
grade the energy of the motor may be entirely converted into 
energy of compressed air. 

The signal advantages to be derived from such a system 
may be briefly stated as follows: The motor, operating at con- 
stant speed under constant load, will always work at maximum 
efficiency. The customary variations at the power house will 
be considerably decreased, as the different motors on the 
road will always carry the same load. By the use of the 
alternating current motors the elaborate and expensive system 
of rotary-converter sub-stations will be done away with, thus 
effecting a great saving in installation and maintenance. The 
energy now wasted in braking and in descending hills will be 
stored up for future use. Other advantages are the operation 
in towns and for switching by means of the pneumatic power 
alone, and the use of a high-tension, single-phase current with a 
rail return. 

The Lansing road uses a 15,000-volt current on the line, and 
this potential is stepped down on the car to 200 volts, the 
working voltage of the motors. In passing through large cities 
the working voltage on the line may be reduced to the working 
potential of the motor by a stationary transformer, placed at 
the limits of the city. 


HOLLOW PRESSED CAR AXLES 

Abstract from Paper read before the May meeting of the Iron 

and Steel Institute by Camille Mercader. (London, Eng.) 

The paper is an interesting exposition of the modern ten- 
dency to form iron and steel parts required to be made in 
large quantities, by heat and pressure rather than by cutting 
cperations. It describes a method followed at the Carnegie 
Steel Co.’s works at Homestead, Pa., in the manufacture of 
hollow pressed car axles, which is one developed at the sug- 
gestion of the author. A rolled steel blank, uniformly 
heated, is inserted in a two-part die, A, Fig. 3, having a 
matrix cavity of the shape of a rough-turned axle. The 
diameter of the journals is made equal to the smallest 
diameter of the axle in the center, which also equals the 
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diameter of the round blank. After the dies are clamped 
about the heated blank the latter is axially perforated sim- 
ultaneously at both ends by two cylindrical punches, which 
force the metal of the blank to conform to the shape of the 
matrix die and fill out the same. The blank is heated up to 
1,800 degrees F., and the total hydraulic pressure re- 
quired for penetration with a punch of 3 inches diameter 
amounts to about 50 tons. During the last end of the stroke 
a total hydraulic pressure of about 150 tons is required be- 


MACHINERY. 


539 


herewith the chief cause of hot journals, also economizing 
materially in the expenditure for lubrication. 

5. No straightening after punching is required, the axle 
being as straight as the die, thereby eliminating entirely the 
injurious effects of the gagging operation. 

6. No centering, no cutting of the ends, no rough turning 
is required, thereby saving considerably in finishing labor 
and increasing the finishing capacity of existing plants. 

7. The punching of treble the amount of axles as compared 
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cause the blank loses its initial heat through contact with the 
dies and because the end collars upset, at which time the 
metal may flow back against the punch. The punch, being 
tapered, acts as a wedge and the pressure that can be exerted 
upon the axle blank is consequently enormous. To prevent 
the punches becoming overheated by contact with the hot 
metal, water circulation is provided, the punches being made 
hollow for the purpose. 


This great compression improves the quality of the steel 
in the central part of the axle by destroying the injurious 
effects of segregation and piping usually found in ingot steel. 
It is absolutely necessary to have the greatest possible uni- 
formity of heat throughout the body of the blank, the tem- 
perature determining the resistance which the punch must 
overcome. 

The advantages of a hollow pressed axle may be summar- 
ized as follows: 

1. The axle has a perfect form; its shape can be best 
adapted to resist the strain to which it is subjected with the 
least amount of metal, combining minimum weight with 
maximum strength. 

2. The forging effect being carried out throughout the ma- 
terial, both internally and externally, the material is found 
to be far more homogeneous than solid axles made in the 
usual manner; segregation is destroyed, and, consequently, 
the axle is much more reliable, 

_8. The journals being highly compressed, will in finishing, 
attain a more highly polished surface, thereby minimizing 
the friction, resulting in economy of draft. 

4. The journals, being hollow, will remain cooler and per- 
mit the storage of a considerable quantity of oil, removing 
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with forging with an equal number of hands, resulting in sav- 
ing of forging labor. 

8. The detection of a defective axle without performing 
any extra work—that is, without the necessity of rough-turn- 
ing it over all, which provision is now included in the latest 
M. C. B. specifications. 

9. Approximately uniform fiber stresses throughout the 
body of the axle, due to the straight and uniform taper be- 
tween the wheel seats. 
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10. A saving of 33 per cent. of steel in the manufacture. 

11. The weight of a 100,000 pounds capacity steel car is 
decreased by 1.7 per cent., permitting this load, which 
amounts to 24,000 pounds in a train of 40 steel cars, to be 
carried without any additional expenditure of energy. 


HEAT TREATMENT OF WHITE-IRON CASTINGS, 
Abstract from Paper read by A. E. Outerbridge before the An- 
nual Meeting of the American Society for Testing Ma- 
terials, held at Atlantic City June 12-14, 1902. 

In the year 1882, while engaged in metallurgical work at the 
car-wheel foundry of A. Whitney & Sons, in Philadelphia, my 
attention was called by the inspector of wheels to an unusual 
and remarkable change that had occurred in the chilled or 
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white iron forming the “treads” of a number of wheels poured 
from one heat. This change was first observed on removing 
the wheels from the annealing ovens. It was customary for 
the inspector to prove the hardness of the chilled treads by 
testing them with a cold chisel all around the “throat” or 
place where the tread joins the flange. On this occasion he 
found a number of wheels which were quite soft on one por- 
tion of the rim, extending the entire width of the tread for a 
length of 6 or 7 inches, while on either side of the soft spots 
the chilled tread was so hard that the steel chisel slipped 
over the surface without biting. In order to study the nature 
of this singular occurrence I caused the wheels to be broken 
through the soft spots so as to examine the fracture, and I 
found that the white iron (chilled iron) had been changed into 
perfectly gray iron, evidently after the wheels had been cast. 
The change was not equally well marked in all of the wheels 
and the soft spots were smaller in area in some cases than in 
others, but in all, the dividing line between the white portion 
and the gray portion of the chilled tread was sharply de- 
fined. 

It is perhaps necessary to state that in the establishment 
where these wheels were cast it was customary to pre-heat 
the annealing pits by means of soft-coal fires before the wheels 
were lowered into them, the flames passing through the pits or 
ovens. The rule was to close the dampers just before the pits 
were opened to receive the red-hot wheels, in order to shut 
out the flames. 

After careful investigation, I found that through an over- 
sight the dampers of the annealing pits had not been closed 
and the flames from the fires impinged upon the surfaces of 
three or four red-hot wheels in the lower part of each pit, 
causing a complete change of the carbon from the combined 
form to the free condition wherever the flames touched the 
castings. 

Specific gravity tests showed that the gray cast-iron result- 
ing from this accidental heat treatment of white iron differed 
materially in density from the normal gray iron forming the 
unchilled parts of the same castings; the specific gravity was 
about 7.80 as compared with specific gravity of about 7.20 for 
the normal gray metal; a cubic foot of the gray iron produced 
by this annealing process therefore weighed about 37.5 pounds 
more than a cubic foot of the normal gray iron of the same 
casting. It was noticed that the fracture was of much finer 
grain than normal gray iron, and “chips” or drillings of the an- 
nealed chilled iron differed greatly in appearance, size and 
shape from the chips or drillings of the normal gray iron 
made with the same drill. 

Several metallurgists, to whom the pieces of annealed 
chilled iron were exhibited, offered a plausible explanation of 
the phenomenon, saying that it was merely an accidental con- 
version of the white iron into malleable iron, and therefore 
presented no novel features. The analyses quickly showed the 
fallacy of this theory, for the total carbon was the same after 
annealing as before annealing, being about 34 per cent. in 
each case, while in the ordinary conversion of white-iron cast- 
ings into malleable iron, a large part of the carbon is re- 
moved by the oxidizing material in which the castings are im- 
bedded when subjected to heat-treatment, and this conversion 
of white iron into malleable iron can only be successfully ac- 
complished on sections of metal of moderate thickness, say 
less than 3 inches. 

Although this accidental discovery of annealing of white 
iron on the treads of car wheels was regarded as an interest- 
ing and novel one at the time, the only practical use made of 
it was to guard against a repetition of the accident in the 
annealing pits of the car wheel works with which I was at that 
time connected. 

After the lapse of several years I was called upon to inves- 
tigate in a professional capacity, and in the interest of some 
prospective investors, the merits of a new process of converting 
white-iron castings into steel, and received from the manu- 
facturer a number of axes, hatchets and other edge tools, 
which had been cast in white iron and subsequently converted 
into a metal having evidently many of the qualities of steel. 

Without describing in detail the process to which these 
white-iron castings had been subjected, I may say, briefly, that 
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they were placed in the muffie of a furnace together with a 
chemical compound claimed to be necessary to the conversion 
of the cast iron into steel. Common salt and crude hydro- 
chloric acid were two ingredients of this compound. The 
similarity between this process and the accidental over-anneal- 
ing of the car wheels (with consequent change of the condition 
of the carbon) suggested to my mind that the chemical com- 
pound was probably unnecessary and that the secret con- 
sisted solely in the heat treatment, and I so advised my clients. 

The conversion of white-iron castings into dense gray iron 
having high strength (approximating that of certain grades of 
steel) capable of being hardened and of taking a sharp cutting. 
edge is no longer a secret, and is carried out on a commercial 
scale in a number of establishments. While I cannot speak 
positively, I am of the opinion that the heat treatment alone is 
now relied upon’to produce the desired results. These pro- 
ducts are not steel castings, though sold in: some instances 
under the name of steel; neither are they malleable iron, but 


»they may be described as occupying a peculiar position midway 


between cast steel and cast iron. 

Although it is a misnomer to call castings, such as hatchets, 
axes, etc., made from white iron changed to gray iron by heat 
treatment and subsequently hardened on cutting edges, steel 
castings, they are certainly very different from true malle- 
able iron castings or from ordinary gray iron castings, pos- 
sessing qualities more closely resembling steel. If we can 
eliminate the false name of “steel’’ which has been given to 
converted white iron castings, a distinct advantage will have 
been gained, for I believe that the new metal is worthy of tak- 
ing a special place in the metallurgical arts, and I anticipate 
extended practical applications of the process as knowledge 
of the proper methods of heat treatment and of the valuable 
properties (as well as the equally marked limitations) of the 
metal shall become better known and appreciated. 


* oe 


TEXT BOOKS. 


In a circular issued to the alumni of the Massachusetts 
Institute of Technology, with reference to various matters con- 
nected with that institution, is a paragraph upon text books 
which expresses an idea that will be appreciated by all who 
have occasion to use works of reference on engineering sub- 
jects. 

“Text books are largely unsatisfactory. While they may be 
written by men who have knowledge of their subject, their 
authors usually have but little experience in the presentation 
of the subject or the systematic arrangement of a book. As 
a result we have many books with good subject matter poorly 
presented, some so poorly as to render them of little value as 
works of reference. It would seem that a very important 
function of any school, especially of a technical character, 
would be to provide the best sort of tools for its students, and 
it is suggested that no more important branch of any such 
school could exist than one systematically taking care of the 
preparation of proper text books. A systematic handling of 
this text book matter would be of value, not only to students, 
but to graduates or engineers. To show that this point is of 
value, we cite the case of the International Correspondence 
School, at Scranton, Pa. This school was started in 1891 with 
a capital of $12,000, and now has a capitalization of $3,000,000. 
A large part of its success comes from its systematic text books, 
treating in a uniform, clear, concise, and very simple manner 
the various subjects which it gives. It offers something over 
one hundred courses, and has prepared text books for them all. 
The text writers of these books are not men of note, and yet 
the books are of value to men in their profession on account of 
the uniform and systematic treatment. We have only to point 
out how great is the value of text books written by men most 
eminent in their profession and edited in a systematic manner.” 

* * * 

One thing about the heavy, high-speed, high-powered auto- 
mobile that recommends itself to the traveling public, is that 
it is undoubtedly the best vicious dog killer ever invented. 
The dog who gages his provoking antics to the pace of the 
ordinary horse-drawn vehicle, is totally unprepared for the 
speed of the automobile and often before he knows it he is 
rolled ignominiously in the mud—usually with serious results 
to his dogship. 
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THE INSPECTION DEPARTMENT OF THE 
GARVIN MACHINE Co. 

The inspection department and stock room of the Garvin 
Machine Company, New York, covers a space 30x 81 feet on 
the north side of the second floor of their eight-story machine 
shop at the corner of Spring and Varick Streets. ‘The half- 
tone, Fig. 1, shows the stock clerks’ desks, the inspectors’ 
benches and a portion of the stock racks. Fig. 2 is the floor 
plan. It will be observed that the arrangement is such that 
the work for inspection enters at the receiving window, or 
door, passes the inspectors’ benches and then goes either to 
the stock racks or to the delivery. All work that is of a size 
that it can be conveniently handled, such as gears, cams, 
disks, pins, screws, studs, collars, spindles, dials, brackets, 
collets, shanks, index olates, centers and the thousand-and- 
one other small parts that go to make up the construction of 
the variety of machinery built here, passes through the in- 
spection department at least once, and in some cases two 
or three times. This latter, of course, applies to such parts 
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as require a series of operations, the accuracy of each of 
which depends upon the preceding one. The larger parts 
such as frames, tables, etc., are inspected on the shop floors 
wherever they may be located, and the assembled machines 
are inspected at various stages of the assembling and when 
completed, on the erecting floors. 

Inspection is interpreted to mean something more than 
mere measurement and gaging of parts: they must pass a 
certain standard of finish and general appearance which, 
of course, is well within the province of the department. 
The “personal equation” is also recognized, as it must always 
be in any human institution; machine parts finished by men 
of good mechanical standing may not in all cases be subjected 
to the searching investigation given the work of the party 
who has the reputation of “letting things slide.’ While it 
might be argued that in a well-appointed shop there should 
be no room for a representative of this class, the practical 
difficulties of getting first-class machinists in large cities 
make it imperative te keep some of them. The work can 
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then only be kept up to a high standard by close inspection 
and “firing back’ such parts as do not fulfill the standard 
requirements in every particular. So prone is this class to 
overstep the limits allowed that they (the limits) have in 
many cases been made closer than really necessary for com- 
mercial work. Thus if the requirement of accuracy for any 
part should necessitate its being within 0.003 inch the shop 
limits would be set at, say 0.002 inch, which condition gives 
the inspector a chance to exercise some discretion in the 
matter of passing work. In case any part is passed in which 
appears a minor defect that in no way injures the working 
of the machine, the fact is noted and a record kept along with 
the record of tests. 


The inspectors’ benches are equipped with long surface 
plates which are provided with T-slots the same as a milling 
machine table. In fact, the plates are tables that have been 
adapted for this purpose. Such parts as dividing heads are 
set up on these surface plates and tested with reference to 
the top surface of the plate, and to the positive side of the 
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General View of Inspection Department of the Garvin Machine Co. 


middle T-slot. The parts of a dividing head have all been 
inspected separately before it goes to the inspection depart- 
ment in the assembled form. The taper hole is again in- 
spected for fit of the taper center, a test bar is put in to 
test the running of the taper hole and for parallelism in a 
horizontal direction when the head is set at zero, and then it 
is tested sidewise from the positive side of the T-slot. The 
alignment of the head and foot stock centers is tested to 
determine their accuracy. The spindle is set perpendicular 
to the base of the head to determine the accuracy of the 
graduation and its relation to the main spindle. 

When these tests have been concluded an accurately cut 
disk about 8 inches in diameter, having 40 teeth and mounted 
on a taper mandrel, is applied, the mandrel being slipped 
into the spindle hole. The test indicator is set to the posi- 
tive side of one of the teeth on the horizontal diameter 
so that the pointer stands at zero. The handle is then re- 
volved once, thus turning the disk one division. The test 
indicator is then applied and the reading taken. The opera- 
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tion is repeated for each tooth and the readings recorded on 
special sheets prepared for the purpose. When the error 
is in one direction it is marked +; in the opposite direc- 
tion, —, The arithmetical sum of two greatest deflections 
from zero, + and —, are recorded as the error of the head. 
Thus, if the reading at starting is 0; at the tenth division, 
-- 0.0015 inch; at the twentieth, 9; and at the thirtieth 
division, — 0.0015 inch, the total error would be 0.003 inch. 

It would be an interminable and most difficult job to test 
the accuracy of the holes drilled in the index plates, and it 
is not attempted. The method of producing them and the 
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easy matter. 
and if found 
holes in the 
the knee is 


overhanging arm and knee a comparatively 
Inspection is made after the holes are bored, 
“out” the error is corrected by scraping the 
boxes and the front surface against which 
clamped. 

The assembled machines are tested for alignment with the 
the following limits allowed in the case of plain milling 
machines: Alignment of knee with spindle in horizontal 
and vertical planes, 9.003 inch in 14 inches; top of table 
with spindle 0.0015 inch in 5 inches; slot in table at right 
angles to spindle 0.003 inch in 30 inches; ways of table with 
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Fig. 2. Plan of Inspection Department, Garvin Machine Co. w 


fact that any error of spacing is reflected in the movement of 
the dividing head spindle in the ratio of 1 to 40, so that 
it would require a serious error in the index plate to produce 
an appreciable error in the spacing of the spindle, are taken 
into consideration. The index plates are drilled under a 
sensitive drill press, using a Brown & Sharpe master plate 
for indexing. The drill is guided by a bushing in the 
manner described in the April, 1903, issue. The master 
plate is made of considerable thickness, but the indexing pin 
enters it only a short distance. At such a time that it is 
found that wear of the master plate has affected its accuracy, 
it is removed and the surface faced off, leaving a series of 
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sharp-edged unworn holes for the index pin, which is then 
set further up to engage with them. This, of course, restores 
the original accuracy to the device. This is mentioned as 
an instance where absolute inspection is both unfeasible and 
unnecessary because of the method of manufacture and the 
relation of the piece to action of the machine. 

In the April issue mention was made of a combination 
boring machine for boring the holes in milling machine 
frames at one setting. The accuracy of this machine has an 
important influence on the product, and the fact that it does 
produce accurate work makes the alignment of the spindle, 


} 


slot 0.001 inch in 12 inches; overhanging arm with spindle 
0.002 inch in 14 inches; outboard bearing with spindle 0.002 
inches high or low. 

In regard to keeping the shop gages accurate the chiet 
inspector says that the men largely take the initiative in 
seeking that the gages be corrected, if they have reason to 
suspect them worn sufficiently to be inaccurate. Of course, 
it is to the self-interest of every employee that the gages he 
uses are right; otherwise he will be responsible for a lot of 
defective work which he must make good. It thus appears 
that under a moderately rigid inspection system. the correc- 
tion of the shop gages is largely automatic, in the sense that 
the men act as their own inspectors in this regard. 


% * * 


The National Machine Tool Builders’ Association, at their 
October, 1902, meeting in Cleveland, O., passed a resolution 
to hold the next meeting at Worcester, Mass., in April, of the 
following year. As many members of this Association are 
also members of the National Association of Manufacturers 
and of the Metal Trades Association whose conventions took 
place in April, it was decided to postpone the meeting of the 
National Machine Tool Builders’ Association. This convention, 
it is officially announced, will be held on Tuesday, June 9, at 
Worcester, Mass. 

; * * * 

In his book, “The Great Siberian Railway from St. Peters- 
purg to Pekin,’ Michael M. Shoemaker makes a curious state- 
ment regarding American locomotives which he saw near 
Port Arthur. “As we were moved around the yards I notice 
a very familiar sound to the locomotive, which I find is one 
from the Baldwin Works in Philadelphia—poor specimens 
of American engines; certainly not such as the Balwin Works 
are in the habit of turning out.’ Probably Mr. Shoemaker 
does not realize how essential to the life and well-being of a 
locomotive, is good care. Judging from what he says of the 
average Russian in his book we should not expect the 
Russian engineer to keep his engine in very excellent shape. 
It is absurd to blame the builder for the bad appearance of 
his product which is in the hands of presumably careless and 
untrained men. 
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ILLUSTRATIONS* OF THE VARIOUS USES TO 


WHICH A MODERN SAW BEN CH 
CAN BE PUT. 
I. MC KIM CHASE. 

In consequence of the diversity of pattern work the machines 
usually found in woodworking establishments for doing one 
particular kind of work are not well adapted for use in pattern 
shops. The most useful machines for the pattern shop are 
those that will admit of various kinds of work being done on 
them. A patternmaker will use a machine some minutes to 
do a part of a piece of work he is engaged upon. Another 
workman will follow him with work requiring the use of the 
machine in quite a different way. Within the past few years 
several machines have appeared on the market specially de- 


signed for use in pattern shops that will admit of them being 


used in a variety of ways. Not the least important of these 
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holes provided for the dowel pins so that the fences may be 
set at various angles. To illustrate the various settings possi- 
ble on some up-to-date machinery the accompanying cuts are 
largely self-explanatory. 

Fig. 1 shows the top of the bench arranged to cut the see- 
ments required to form an octagon. 

Fig. 2 shows the arrangement for cutting the segments for 
a triangle. By setting the fence at the required angle, for 
which holes are provided for the dowel pins, all of the most 
important angles may be cut, such as miters, angle to form 
pentagon, hexagon, etc. (See Figs. 8 and 9.) 

Fig. 3 shows a special fence and gage for sawing the ends 
of segments for circular work. Every patternmaker can 
appreciate this handy device, as by its use the building up of 
segment work can be expedited. 

Fig. 4 shows the top of the bench tilted and arranged to 


Fig. 1. 
Fig. 4. Sawing Compound or Flaring Angles, 


Sawing Sections for Octagons. Fig. 2. 


such as the Sides of Trays, Etc. 


Fig. 7. Sawing out Round Core Boxes. 


machines is a combination saw bench. These benches have 
- two circular Saws, a crosscut and a rip saw. The arbors of 
the saws are journaled in a revolving frame and by means of 
worm gearing either saw may be raised above the top of the 
table to make any desired depth of cut that the diameter of 
the saw will allow. This makes the machine convenient for 
cutting grooves, roughing out plain, round core boxes, and 
similar work. Another important feature embodied in these 
machines is a slide which forms a part of the top and to 
which the fences and guides are attached by dowel pins. 
The tops of these benches are usually graduated and have 


*The illustrations accompanying this article were made from photo- 
graphs of a saw bench manufactured by the Colburn Machine Tool 
Co., Franklin, Pa. 


Sawing Sections for Triangles. 

Fig. 5. Sawing Bevels for Cylinder, Column and 
Similar Patterns; also Cisterns, tanks, Etc. 

Fig. 8. Sawing Sections for Hexagons, 


Sawing Segments for Pattern Work. 


Sawing Newel Posts, Etc. Table can be 
tilted to square, octagon, hexagon, etc. 
Sawing Miters for Square Frames, Etc. 


Fig. 3. 
Fig. 6. 


Fig. 9. 


cut compound or flaring angles, such angles as required for 
the sides of trays, hoppers, ete. 

Fig. 5 is the arrangement for cutting staves for cylinders, 
large core boxes, ete, 

Fig. 6 shows how the top may be tilted and, in combination 

with the fence, any shaped prism, such as Square, triangular, 
hexagonal, octagonal, etc., may be cut. 
' Fig. 7 shows the arrangement for performing a very im- 
portant job, and one frequently required in making patterns. 
It is that of working out the inside of a plain cylindrical ‘core 
box. The angular position of the work relative to the saw, and 
its line of travel, produce a close approximation to a semi- 
circular concaved shape which can be afterward trued up 
with the core box plane with a minimum of labor. 
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LETTERS UPON PRACTICAL SUBJECTS. 


A DUPLEX DRILLING ATTACHMENT. 
Hiditor MACHINERY: 

An operation that is carried on continuously, day after day, 
and week after week, will well repay the cost of tools a little 
more elaborate than those required for occasional work. The 
illustration represents an arrangement for drilling two holes 
at once on repetition work of this kind. The piece to be 
drilled is a chain link used in a certain class of textile ma- 
chinery and has two holes, about 15-16 inch apart, which are 
respectively .050 and .100 inches in diameter? 
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A Duplex Drilling Attachment. 


A is the adjustable head of a sensitive drill and B the slid- 
ing sleeve carrying the spindle C. To the taper hole in the 
end of the spindle is fitted the shank D which drives, through 
a key, the large gear H. F is a brass casting which encircles 
the sleeve B and is clamped thereto by the bolt G. This 
casting is provided with bearings for two small spindles, H 
and J, whose lower ends are supported by the brass cover plate 
J, which is screwed and doweled to the main casting. The 
spindle H is driven, from large gear E, by a pinion made 
integral with it, while spindle J is driven by the pinion K, 
keyed to it and also meshing with the gear H. The diameters 
of these two pinions are so proportioned to the driving gear 
that each drill is given a speed suitable to its diameter. The 
spindles are bitted out to fit the drills, which are held in the 
split ends by screwing up the nuts L on the tapered thread. 
The mechanism is entirely covered so as to be free from flying 
chips, and ample provision is made for oiling. The motion of 
the spindle C must, of course, be reversed in order to use 
right hand drills. The feeding is done as usual, by the 
pilot wheel WM. 1gy LOW 1a 


—__—— 


TURNING A BALL. 
Editor MACHINERY: 

To make a ball as nearly perfect as a billiard ball is not a 
piece of work that a machinist or patternmaker has often to 
contend with, but sometimes there is a necessity for such 
work. There are several cases in which ball valves are used, 
such as in pumps where chips, dirt, or sawdust are liable 
to get under the valve seat, or in tannery works where small 
pieces of bark are apt to be mixed with the liquid. The 
rolling action of the ball has a tendency to remove the ob- 
structions and let the valve seat fairly. Costly machines have 
been made for the purpose of turning balls, but the method 
here described is capable of producing just as good results on 
an ordinary lathe. 

To make the pattern of the ball, first turn the piece on 
centers, using the calipers to get it somewhere near to the 
shape. Then cut off the centers and make a chuck block, of 


hard wood, as shown at OC in the sketch. This is cupped to 
suitable shape to take in a small section of the ball. For the 
outer support use a blunt wood center, or an ordinary steel 
center with a strip of copper between the point and the work. 
Put the piece in the chuck so as to take the first cut around 
in the direction of its first centers. Take just a light chip, a 
narrow ribbon, and do not try to turn a wide space. Having 
turned it round in this direction, change the chuck so as to 
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Arrangement for Turning a Ball. 


make another turning at right angles to the first, using the 
first cut as a guide to the depth of this second turning. Then 
change the work so as to make a turning between these cuts 
and continue to change it around until the entire surface has 
been turned, when it will be a perfect sphere. When it comes 
to finishing up the casting, bolt the chuck block to the face- 
plate and use the regular tail center with a concave piece of 
copper, as shown at AB. Use a hand tool or scraper after get- 
ting under the scale. R. B. Orts. 
Leeds, Mass. 


—_—_—— 


A COMBINATION PUNCH AND DIE. 


Editor MACHINERY: 

The cuts on the next page, Figs. 3 and 4, show a com- 
bination die and punch that is used for cutting out, bending, 
perforating and ejecting from the press such an article as is 
shown in Fig. 2. This is a plate, 6 inches by 4%4 inches, with 
the sides 144 inch deep, bent over at right angles with the 
face of the plate. It is made of aluminum, brass, or tin, and 
forms the back part of a metallic picture frame. 

In operation the outside cutting edge of the punch comes 
in contact with the inside cutting edge of the die, thereby 
cutting out the blank shown in Fig. 1. The punch, then con- 
tinuing its downward travel, forces the blank over a forming 
plate, which is fastened to the inside of the die, so as to bend 
the sides to their proper shape. At the same time two small 
punches perforate the holes in the back of the plate. The 
punch then rises and the finished product is ejected from 
the press by a set of knock-out devices. 


eS Se op ae es 


———— = 
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Fig. 1. The Blank. Fig. 2. The Finished Piece. 


Fig. 3 represents the die or bottom part of the mechanism. 
It is composed of a cast iron or steel shoe, or bolster, the 
sides of which are beveled out on the inside at an angle of 
about 10 degrees. Held within this shoe are six tool steel 
sections, A, A, which form the cutting die. These are hard- 
ened and ground all over and when put together the space be- 
tween the cutting edges is of the exact shape of the blank, 
Fig. 1, allowing no clearance on the inside of the cutting die. 
The four outer sections are beveled at an angle of 10 degrees, 
corresponding with the bolster, and thin strips or liners are 
inserted between the dies and the shoe, the whole being locked 
tightly by means of setscrews. The die sections project % 
inch above the top of the bolster to allow for grinding the die. 
A tool steel forming-plate B of the size of the inside of the 
plate is fastened to the inside of the bolster by means of flush 
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head screws and dowel pins. This is ground all over and the 
upper edges are slightly rounded off with an oil stone to pre- 
vent cutting or scratching of the plate. Between the forming 
plate and the inside of the die are the three L-shaped pieces 
C, 0, C, which form the knock-out mechanism. They are con- 
nected by the bolts D,D, to the plate HZ. Beneath this plate 
is placed the rubber spring F, which is held to the central 
stud @ by a washer and check nuts. At the ends of the knock- 
out plate are two vertical studs, H, H, which are of sufficient 
length to come up even with the top of the die. As the punch 
descends it encounters the tops of these studs and forces 
down the knock-out plate and with it the L-pieces, thereby 
drawing them out of the way of the part of the blank that is 
being bent over. As the punch rises and the pressure on the 
rubber is released these pieces rise and eject the finished work 
from the die. Three steel gages, K,K,K, are fastened to the 
top of the shoe and are bent over the top of the die to within 
1-16 inch of the cutting edges, thus forming a gage for the 
material as it is placed in the die. 

The punch, which is shown in Fig. 4, has a soft steel punch 
holder, on the front and back ends of which extend flanges of 
sufficient length to bring the studs M, M, opposite the studs 
H, H, in the knock-out plate of the die. The center of the 
face of the punch holder is elevated 1%4 inch above the rest of 
the plate for a space equal in width to that of the finished 
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THE CUTTING POINT. 
Editor MACHINERY: 

When one stops to consider he cannot but be impressed 
with the vital bearing that the point of the cutting tool plays 
in the profit of any manufacturing concern. The amount of 
work that a machine will do is more often limited by this 
than by any weakness of the machine or its drives. The out- 
put of the heavily built lathes and planers, with their special 
drives, may be reduced to that of ordinary machines by the 
improper treatment of the cutting tool, either through igno- 
rance or carelessness. Mr. Markham’s recent articles in 
MACHINERY have pointed this out, but how many of us realize 
to what an extent it affects every-day work in practically 
every shop in America? Whether you are using any special 
steel or not, there is a right way to treat it for best results 
and a tool that is not in its best condition is reducing the 
output of a machine that may have cost several thousand 
dollars. 

Perhaps we have been too economical to buy a good heating 
furnace and a few other appliances for the hardener, and we 
are “getting along” with the old forge where it is simply 
impossible to heat large tools uniformly or without forcing the 
fire so hard that the air blast strikes the steel. The tools 
cut, of course, but do we count the cost of stopping the ma- 
chine more often to grind or change tools? Or the difference 
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Figs. 3 and 4. Combination Punch and Die used for Forming Picture Frame Backs. 


product and % inch less than its length. Against the edges of 
this elevation are placed the punch sections N,N, which are 
of tool steel, hardened and ground. When fastened in place 
the outside dimensions should equal those of the blank, Fig. 
1, and fit between the cutting edges of the die. The inner 
corners should be slightly rounded with an oil stone to prevent 
cutting or scratching of the stock when turning over the 
edges of the blank. The space between the inside of the sec- 
tions is equal to the size of the finished blank, Fig. 2. A 
tool steel plunger or plate O forms the knock-out device. This 
is not hardened but is nicely machined to fit between the 
punch sections. A tapped hole in the center receives the stud 
P, which projects through the shank of the punch holder and 
is held by the check nuts Q. Between the plate and the holder 
are placed the springs R,R, which are of sufficient length to 
produce a tension on the back nuts © when the plate is flush 
with the face of the cutting sections of the punch. Two 
small punches §, 8, are fitted into the punch holder opposite 
the small dies 7, T, in Fig. 3. They are long enough to project 
¥ inch beyond the plunger plate when it is fully compressed 
inside of the holder and are fastened in the plate by the screw 
plug U. These serve the purpose of perforating the two small 
holes in the back of the holder. H. Roprnson. 
Montclair, N. J. 


in the total day’s work when the machine cannot be run up 
to its maximum capacity? But the loss is not confined to 
tools of this kind when the new air-hardening steels are doing 
so good work. If your milling machine cutters are not in 
their best possible condition the difference in the amount of 
work that can be done will go a long ways toward putting 
in proper facilities for hardening and tempering. “Standing 
up” under a heavier feed, or needing fewer grindings, means 
more in the cost of production than we are apt to realize. 
Taps, dies, forming cutters and other tools come under the 
same category with the added feature of being more apt to be 
cracked in hardening. The spoiling of a tool, that perhaps 
represents several days’ labor, from lack of knowledge or 
facilities means not only the direct loss of the tool but often 
serious delay to the work for which it was intended. When 
I recall the milling cutter with numerous teeth missing from 
“fire cracks,” as we called them, taps minus part of their 
cutting edges and dies that were sprung out of shape I wish 
that we had known how to handle steel years ago. “Fire 
cracks,” by the way, used to be our Scape-goat and if a tool 
showed these cracks all hands were usually exempt, some- 
times including the hardener. I used to do something in the 
hardening line myself and do not recall many serious mishaps 
although without doubt the tools were worked far below 
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their best capacity. Many of the tools were hardened on an 
old portable forge, although they were too large for this to 
have been attempted, and if the cost sheets were accurately 
made out the amount of work which these tools did was prob- 
ably way below normal. And so it all comes back to the first 
statement that the efficiency and economy of our up-to-date 
tools depend on the condition of the cutting point of the tools. 
I believe there is a larger return for the money invested to 
be had here than in any other place in the shop. 
New York, N. Y. Frep H. CoLvIn. 


PLANS DRAWN QUICKLY. 


Editor MACHINERY: 

In order to effect the sale of a large amount of their ma- 
chinery to a foreign customer, an American firm was asked to 
submit plans at once with their “tender” showing the full 
construction of the machine, including certain changes asked 
for by the customer. These changes were slight and were 
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not in themselves difficult to make. The plans, however, were 
in the form of tracings, quite elaborate and in use every day. 
The firm did not wish to make any changes on the tracings, 
neither did they have sufficient time to make new ones. It was 
about decided to take off blueprints from the original tracings 
and make “stickers” showing the changes, which could then 
be pasted on over the original print. This is always a make- 
shift and in this case was strongly objected to, since the 
customer might possibly infer that the machines were manu- 
factured in the same slipshod manner. In this emergency 
one of the draftsmen became inspired with an idea which 
prompted him to make the following offer: “If you will give 
me an order on a photo supply house for some paper, I will 
agree to make all the changes required and have the plans 
printed and ready to mail to-morrow morning.” As no one 
had any better proposition, and as he seemed confident of his 
ability, a carte blanche requisition was given him. Although 
this was a hurry order he did not appear in any haste, but 
proceeded leisurely to make a small tracing showing the 
changes, then spent the rest of the afternoon lettering a very 
elaborate title stating that the machine was designed spe- 
cially for “So and So,” naming the intending purchasers. He 
went home to supper with the rest of the boys, and on his 
way back to the office in the evening he stopped in at the 
photo supply dealers and on the strength of his requisition 
obtained a package of bromide paper of the size of his draw- 
ings (the kind marked “thin, hard,’ is the best for this busi- 
ness). After dark—for this paper is very sensitive to the 
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light—he loaded a printing frame as though to make a blue 
print, using the bromide paper in place of the blue. He put 
in the tracing bottom side up, so that the lines came in con- 
tact with the paper. After exposing the frame to an incan- 
descent light for about 15 seconds he developed and fixed the 
print according to directions accompanying the paper, thereby 
securing a negative like the one shown in the illustration. 
As you will see, everything is reversed, dark for light, and 
left for right, so that the lettering, etc., reads backward, this 
latter feature being the result of turning the tracing over. 
After this negative was washed and dried, he cut out the 
portion which was to be changed, and inserted the print 
shown at the right, which he had made embodying the changes, 
covering the joint with black court plaster. 

In this simple and inexpensive manner, with only a few 
hours’ work and without defacing the original tracing, he 
secured a complete negative embodying the changes so neatly 
that the alterations would not be noticed. From this negative 
it was an easy matter to make the necessary number of prints 
on the bromide paper, the resulting copy showing black lines 
on a white ground, giving the effect of an original drawing 
even to the slight gloss of the ink lines. This feature is quite 
an advantage when the plans go to 
England, as in that country the ap- 
preciation of handwork amounts 
almost to worship. 

Drawings on paper can be copied 
in the manner described, being care- 
ful to load the frame so that the ink 
lines will be in contact with the 
sensitive paper. Of course paper 
drawings require a longer exposure 
than, tracings, a drawing on white paper like a patent office 
drawing requiring two or three minutes by an incandescent 
lamp, while a drawing on buff, “duplex,” or detail paper could 
hardly be printed by artificial light as the yellow color retards 
the printing to that extent. | 

Velox paper can be used equally well, except that it is very 
much slower to print. This difficulty is largely offset by the 
fact that it can be handled with much less care as regards the 
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PUNCHES AND DIES USED IN MAKING RIM 
FOR LENSES. 
Editor MACHINERY: 

The accompanying drawings show three dies and punches 
that are used to produce the ring shown in Fig. 1 in three 
successive operations. This ring is used as a rim for holding 
lenses and the construction of the dies may be of interest to 
those who have occasion to make a set of tools for any similar 
article. The material from which these rims are made is 
“half-hard brass,” as it is called. In Fig. 1, A shows the punch- 
ing after the first operation, while Fig. 2 shows the punch and 
dies by which the operation is performed. The forming 
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A B 
Fig. 1. The Successive Operations by which the Ring is Formed. 


punch O was first turned to the outside diameter of the lens 
and a templet of soft wire, representing the cross section of 
the rim, assisted in obtaining the proper form of the face. 
The hardening of C was postponed until the last, as the two 
holes for the screws G,G, were not drilled until the die had 
been assembled. The punch M was then turned, leaving it 
a little larger than finished size, and while in the lathe the 
recess and the hole for the knock-out mechanism were drilled. 
By the use of the templet the recess X was turned out nearly 
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to size. The templet was then soldered across the face of C 
and with the help of a little red lead, to show up the high 
spots, this recess was readily finished correctly. To obtain the 
diameter of the cutting die and punch, B and M, the wire 
templet was unsoldered and straightened out. After the out- 
side of M had been turned to this diameter it was taken to 
the gas furnace and hardened. As no grinding facilities were 
available, great care was taken to heat the punch slowly and 
evenly with the result that it came out of the bath as true as 
when it was taken from the lathe. 

In making the blanking die B it was bored from the back 
so that the hole was about .004 inch smaller at the cutting 
edge than at the back. The die bed A, of cast iron, was bored 
out to receive this die and after it had been inserted three 
holes were drilled and tapped, half in the die and half in the 
bolster, as shown at HE. In these were fitted three screws to 
keep the die in place. This die was hardened with the same 
care that was exercised in hardening the punch. The next 
step was to make the tool steel bushing D, which slides be- 
tween the forming and the blanking dies. The parts of the 
die were then assembled and two holes for the screws GG 
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Fig. 4 
Punches and Dies for making Lens Rings. 


were drilled and tapped from the back of the die bed into the 
forming punch @, which was then ready to be hardened. 
FF represent two of the steel pins which press against the 
bushing D, and I is a soft rubber bolster by which the pins 
are held up in place. 

The die operates in the following manner: The blanking 
punch M, entering the die B, cuts out the blank to the proper 
diameter. As the punch travels downward it bends the blank 
over the forming die C and, coming to a stop, it forms the 
ring shown at A, Fig. 1. When the punch ascends, the bush- 
ing D, having compressed the rubber bolster, strips the blank 
off from the forming die @ and the punch carries it upward 
until the knock-out strikes the knock-out arm in the press at 
the end of the upward stroke. As the press is tilted, the 
blank then drops clear of the die, into a box. 

Fig. 3 shows the punch and die used for reducing the diam- 
eter of the punching, as shown at Bei Thewdies O 
is turned out on its facé to receive the blanks, one of which 
is shown in the position in which it is placed ready for the 
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punching. In the punch, the recess Z is bored to the required 
diameter and the hole and recess for the knock-out and knock- 
out stem, § and R, are also bored at the same setting. The 
recess Z is beveled off slightly to locate the punching. The 
action of this punch is similar to that for performing the first 
operation. The punching is carried upward until the knock- 
out strips it from the punch and the tilted press allows it to 
drop into a box. Between the punch and die is shown one of 
the pieces as it is ejected from the punch. Fig. 4 shows the 
tools that are used for blanking out the bottom, leaving the 
work in the shape of a ring shown at 0, Fig. 1. Before the 
bottom is blanked out, however, the ring is reduced consider- 
ably at its rim as at L. This is done in a monitor lathe, the 
punchings being mounted on a spring collet and an ordinary 
cut-off tool being used. The reduced part is afterward bez- 
zeled over a lens, FRANK GREINER. 
New York City. 


SIMPLE SLIDING GATE FOR MACHINE SHOP. 
Editor MACHINERY: 

At the new shops of the American Turret Lathe Co., Warren, 
Pa., recently visited by the writer, a simple sliding gate for 
the gallery was observed which is made entirely of pipe and 
pipe fittings, and which utilizes the adjacent pipe railing for 
guides. As it appeared to serve its purpose fairly well, a 
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Shop Gate made of Pipe Fittings. 


sketch is given herewith which makes the construction under- 
stood with little explanation. The gate is, of course, made of 
a size of pipe smaller than the adjacent pipe sections consti- 
tuting the gallery railing so that the ends a@ can slide freely 
within them. The ends bb also Slide into the opposite pipe 
ends of the opening when the gate is closed. 


F, EMERSON, 
* * * 


In a paper on radium and other radio-active substances 
read by William J. Hammer before an extra meeting of the 
American Institute of Electrical Engineers, April 17, some 
interesting facts regarding radium and selenium were dis- 
cussed. It has been demonstrated by the Curies that radium 
at all times maintains a temperature of 1.5 degrees C. (2.7 
degrees F.) above its surroundings. A half-pound of radium 
salt is estimated to evolve as much heat in one hour as the 
burning of one-third cubic foot of hydrogen gas, and the 
heat radiating from pure radium would melt more than its 
own weight of ice every hour. Mr. Hammer has recently re- 
ceived a notification from the Société Centrale that they will 
Shortly put pure radium on the market at a cost of 30,000 
francs per gramme or about $2,721,555.90 per pound. The 
enormous cost is due to the great difficulty of separating 
radium from the uranium residues from which it is separated, 
it being necessary to handle 5,000 tons of the residue to ob- 
tain 2.2 pounds of radium. In regard to selenium the author 
referred to an interesting and valuable application of selen- 
ium to regulating the light- emitted by Pintsch gas buoys, 
which are anchored at the mouths of bays and rivers to mark 
the entrance, etc. Heretofore it has been necessary to let 
the gas burn night and day because of the impracticability 
of any ordinary apparatus designed to shut it off during the. 
daylight hours. A selenium cell, which is highly sensitive. 
to light in the matter of electrical conductivity, gives a 
practicable means for turning the gas on and off so that 
it is only consumed during darkness. In this way it will 
be possible to make the gas of a Pintsch buoy which now lasts: 
only a month, last two or three times as long. 
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A GEARED VARIABLE SPEED MECHANISM. 
FRED S. ENGLISH. 

At the present time there seems to be, among machine tool 
and automobile designers, a tendency for a geared variable 
speed transmitter, capable of a wide range of speed coupled 
with an almost instantaneous change without stopping the 
machine. This has already been accomplished in various 
ways, several of which might be enumerated with their good 
points and faults, would space permit. The scheme which I 
am about to describe for accomplishing this is more elaborate 
and probably more expensive than any the writer has seen, 
but to offset this objection the method of operation is ex- 
tremely simple; the operator simply pulls a rope and the 
machine automatically shifts one notch, with no shock, and 
locks itself in the new position. It can easily be arranged 
with a positive reverse and backing motion for an automobile. 

“The fundamental idea of the device consists in driving from 
a cone of gears to a sliding gear through a series of free run- 
ning intermediates so placed that the faces next the sliding 
gear all come in line so that the gear is simply slid on the 
shaft without the necessity of moving on a swinging arm. 
Now, if when the machine is assembled the intermediate 
gears are arranged so that the teeth opposite the sliding gear 
all line up, they will always line up whenever the cone of 
gears comes into the same position again. In this position the 
sliding gear can be moved from one intermediate to the next 
by means of a cam, with no shock and no danger of breaking 
the teeth. 
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Free on a stud and meshing in the rack teeth U is a gear 
X and made integral with this gear on the top is a ratchet 
Y, while on the bottom is a plate AQ having a series of 
notches in its circumference and under this another ratchet 
Y’ with its teeth pointing in the opposite direction from those 
in Y. Swinging on the same stud as the gear are the bell 
cranks A J and A J’ carrying pawls Z, Z’. These pawls are 
normally held out of contact with the ratchets by means of 
a spring between A G and A F, the stop A H resting against 
A I, (this is not shown on pawl Z’;) either pawl is placed in 
action, when required, by pulling the rope A E or A LH’, one 
rope moving the sliding gear in one direction and the other 
moving it in the other direction. Lever A CO, swinging about 
a stud in A O carries the roll A D; this is held against the 
notched plate A Q by means of a spring A Band serves to lock 
the gear X, and consequently sliding gear F, in any position. 
Bell cranks A J, A J’, are operated with the cam W through 
the levers A L, A L’. 

Gears A, B, etc., are keyed in such a position that the teeth 
in the intermediate D, EH, etc., opposite gear F are all in line 
so that F may be slid easily from D to H ‘e’ Place the gear 
F half way between any two intermediates and the gear 
X in such a position that the roll A D comes exactly half way 
between the two notches corresponding to the position of F. 
Set the cam N so that the lever A L has moved to mid posi- 
tion. Pull the pawl Z% into action and turn the shaft M 
around until the still run of cam is reached and gear F' will 
have moved fully into gear with the intermediate at the right. 


Fig. 2 Fig. 1 
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Detail of Geared Variable Speed Mechanism. 


Referring to the cuts, Fig. 1 is a plan of the machine, Fig. 
2 is an end elevation, showing the layout of the gears 
while the other end elevation, Fig. 3, shows the cam and shift- 
ing mechanism. It will be noticed that the frame and hous- 
ings are omitted, simply the bearings for shafting and levers 
being shown, as the drawings are not intended for a complete 
design but simply as a means of description. As will be seen 
in Fig. 1, we have eight different speeds with a reduction 
of twelve to one. Running loose on the shaft M is a quill 
L, which carries the cone of gears A, A’, etc., while fast on 
the same shaft is another cone of gears B, By Cue,  AMasse 
gears and shaft are driven from the main driving shaft J 
through the gears 0,0’. This scheme of driving A, B., etc., 
from shaft J instead of putting the pulley J directly on shaft 
M is to keep gears B, B’, etc., from becoming excessively large, 
and could easily be omitted if the range of speeds was not 
over six or eight to one. Fast in bearings O, O’, is a shaft 
carrying eccentrics G,G’, etc., collars of which are pinned to 
the shaft with the taper pins W, W, and may be braced from 
the frame if thought necessary. Running free on the collars 
are the intermediate gears D, H, etc. Sliding on a feather S, 
on shaft 7, is a quill having rack teeth U cut in its circum- 
ference, and carrying gear F. The ends of the teeth on gears 
D, E, F, etc., are tapered off (see Fig. 5) to give an easy en- 
trance for the sliding gear. Shaft T carries the pulley 
P which drives the mechanism in question. 


When the shaft has made a half revolution the intermediates 
D, EH, etc., are again in line (provided the number of teeth 
in gears A, A’, etc., are divisible by eight and those of 
B, B’, etc., are divisible by two), and the cam is moving the 
bell crank AJ’. Now, if the pawl is in action, gear F will be 
moved to the left. It is seen that each bell crank is moved 
forward and back every revolution of M and at just the proper 
time to slide gear F, but that the gear does not slide except 
when the one or the other of the pawls is pulled into action. 

When the gear has been moved to one end or the other of 
its throw it cannot be moved out of gear, no matter how 
much the rope is pulled, if the remaining teeth are cut off the 
ratchet. By continuing to pull one cord the speed can be 
changed from one extreme to the other during seven revolu- 
tions of shaft M, or during about six revolutions of shaft 
T, depending on the ratio of the gears. 

Fig. 4 shows the cam developed, and Fig. 5 shows various 
positions of gears H,’’ H,’’’ ‘and F (looking directly down on 
the tops of the teeth), while the cam moves from B D to 
BQ; it is seen that the gear F begins to move some time before 
E’’ and £’’’ are in line and that they are not exactly in 
line until F is half way across. The first position is with 
the cam roll at B D while #’’’ is one-quarter of a tooth be- 
hind #’’ and F just passing by the ends of tooth # POs nNe we 
second position H’’ has moved one-quarter of a tooth and 
E’’’ three-eighths of a tooth, making H’’’ only one-eighth 
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of a tooth behind #’’; in the third position B’’ has moved 
one-half of a tooth and £’’’ three-quarters of a tooth making 
E’’ and #’’’ exactly in line while F is just half way across; 
in the fifth position H’’ has moved one tooth and E’’’ one 
and one-half teeth, making H’’’ one-quarter of a tooth ahead 
of £”, while F is just leaving H’” and being driven entirely 
DY eaice 

An indicator moved by gear F should be placed on the 
outside of the frame (in case the gears are inclosed) to show 
the operator the exact position of gears, A better action could 
be obtained to the pawl by making the ratchet teeth parallel 
to the teeth of gear X¥. They were made as shown for construc- 
tive reasons, it being easier to cut the teeth of ratchet in this 
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Fig. 4. The Cam and its Development. 


position, and it also requires a less number of sheaves to 
bring the rope into a convenient position. The ropes should 
be provided with balls at the bottom for pulling easily and 
also with a guard to prevent them from swinging in an arc 
with the bell cranks. V is a bearing for the quill rack that 
keeps it from springing out of mesh and makes it possi- 
ble to have shaft 7 lighter than would otherwise be re- 
quired. 

For an engine lathe the pulley J should be replaced by 
the usual reverse pulleys and clutch or with tight and loose 
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Fig. 5. Position of Gear Teeth during Portion of the Cam Throw, 


pulleys as required. Suppose it is required to make a positive 
reverse and backing motion, say for an automobile. Turn the 
cone of gears A, A’, etc., end for end and drive them in a 
reverse direction by means of an intermediate between ( and 
A’’’; spread intermediates at D’’’ and BE far enough apart 
to put another gear similar to them between them and driven 
from either one by means of a spring key, which is thrown 
from £ to D’’’ by motion of the gear F. To reverse, pull 
the rope moving F off from E onto the intermediate between 
E and D’’’. By means of this motion the spring key can be 
moved from # to D’’’ and when the gears come into register 
the spring gear will drop into place reversing the gear F; 
pull the rope again and F moves on to D’’’ and so on to the 
fastest backing motion. The gearing can be so arranged as 
to make # and D’’’ revolve very slowly, thus making but 


little strain in reversing. 
* * * 

The craze for high speed has resulted in some racing auto- 
mobiles equipped with engines of extraordinary power. Ata 
recent tournament at Nice, France, a machine was entered 
having a wheel base 9 feet 9 inches long and a four-cylinder 
gas engine of 110 horse power. 
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ITEMS OF MECHANICAL INTEREST. 


MILLING CIRCULAR T-SLOTS-COMBINED DRILL DRIFT 
AND HAMMER-NEW TYPE OF MILLING MA- 
CHINE—STEAM STEERING GEAR—MAM- 

MOTH TRACTION ENGINE. 

The band saw which is now generally used in all up-to-date 
woodworking mills, probably puts tempered steel to the sever- 
est possible test. It runs like a belt over wheels of moderate 
diameter, under considerable tension and at high speed. 
Every time a section of the saw makes a complete circuit it 
is bent back and forth twice, and this takes place many times 
a minute, day after day for astonishingly long periods before 
the saw breaks. And then the practice is to mend the break 
by sweating together with silver solder and scarfing down 
the ends until the joint is of the same thickness as the body 
of the saw. How long a band saw can be run before it begins 
to break so often as to make it unprofitable to continue re- 
pairing it, we do not know. A comparatively recent innova- 
tion in band saw machinery, which puts the steel under 
still further duress, a combination of bending and twisting 
stresses—is a band cut-off saw. In this machine the saw is 
twisted one-fourth way round by guides just after leaving 
the wheels so as to present the teeth of the saw in a plane at 
right angles to the log. ‘ 


The operation of electric motors in a dust-laden atmosphere, 
especially that of a cement-grinding mill, is a problem that 
does not appear to be successfully solved by the use of the 
so-called “dust-proof” motors. A scheme tried in the Edison 
cement mills by which ordinary motors can be successfully 
used, consists of surrounding the motor with a light frame 
carrying a covering of porous textile material like gunny 
cloth, which acts as a dust sieve, but permits the air to pass 
through. To secure the necessary circulation of air to pre- 
vent heating of the motor, the air is drawn through the cloth 
covering and discharged at an opening by a small electric 
motor fan. The area of the casing is, of course, so propor- 
tioned that sufficient air is readily drawn through by the in- 
ductive action of a comparatively small fan, which is located 
within the casing and discharges through an opening in the 
side. To give a comparative idea of the size of the casing re- 
quired, it may be mentioned that a five-horse power motor 
was incased in a frame four feet wide, four feet long and six 
feet high. This was covered with two thicknesses of cloth 
Spaced two inches apart. 


Mr. W. H. Booth, the well-known English writer on technical 
subjects, in a recent letter to the Mechanical Engineer dis- 
cusses the errors that develop in limit gages of their (Eng- 
lish) manufacture, and suggests the cause. He Says that it 
does not appear possible to mechanically grind a gage to a 
guaranteed accuracy of 0.0001 inch, and consequently it is 
necessary to finish them by hand. In the hand-finishing pro- 
cess errors of parallelism are usually corrected by gentle 
pening on the sides or edges, thus putting the surface under 
tensional and compressive stresses. When a gage treated in 
this manner goes into the workshop, it maintains its accur- 
acy until the varnish or japan on the body of the gage has 
worn away under the influence of the grimy, gritty hands of 
the workmen. The abrasion of the hand then soon wears 
away the surface particles, which at once permits a readjust- 
ment of the shape of the gage as the stresses are relieved. 
The result is, of course, an inaccurate gage with no apparent 
reason for such a condition. Mr. Booth then infers that ad- 
justable gages of the type used by the Newall Company, are the 
best in the long run since the material is annealed and free 
from stress. This system of limit gages is considered less 
cumbersome and expensive than the solid type, and more ac- 
curate. The best makers of American gages grind them as 
closely as possible and then finish by lapping, no hammering 
or pening being allowed. 


It so rarely happens that a steam boiler fails when sub- 
jected to the usual hydrostatic test by the builders, that the 
rupture of a large Scotch boiler under test at the Polson Iron 
Works, Toronto, Canada, is of considerable general interest, 
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especially when the physical properties of the steel plates 
revealed by the accident, are known. The shell plates were of 
steel, having a tensile strength of 60,000 pounds per square 
inch, and were 11-32 inches thick. At the time of the test 
two pressure gages were attached to the boiler and both indi- 
cated a pressure of 270 pounds when without warning the 
shell cracked in the solid metal, from one end to the other. Ex- 
amination of the plates showed them to be very brittle, 
and when attempts were made to straighten them under a 
hydraulic press, they broke cleanly like glass. A number of 
fine cracks were discovered in the plates about 3-16 inches 
deep that had been produced by rolling them into shape for 
the shell. The incident demonstrates anew that eternal vigil- 
ance is the price of safety in the construction of steam 
boilers, especially in the material used. Who knows how 
many mysterious boiler explosions have been caused by de- 
fective material rather than the carelessness of firemen and 
engineers? 


MILLING CIRCULAR T-SLOTS WITH PLANER ATTACH- 
MENTS. 


The half-tone herewith shows a method of cutting circular 
T-slots, that is employed at the shops of the Adams Co., at 
Dubuque. The castings, ‘in which the slots are cut are quite 
large, weighing about 1,000 pounds, so that any method of 
machining that will save handling is of decided advantage. 
‘The plate is set on the platen of an ordinary planer and 
the top planed off in the regular way, using a tool in the 
planer head. The T-slots are then bored out by using the 
traverse head in connection with a Farwell milling attach- 


Planing Plate and Milling T-Slots at one Operation. 


ment. The tools for this are placed in the sliding portion 
of the traversing head and are fed radially by the star at 
the other end. The vertical feed is obtained by lowering the 
cross rail. There will be no trouble in giving the miller an 
accurate vertical feed, by raising and lowering the rail, if 
care is taken not to loosen it too much from the housings. 
The rail should be just tight enough to prevent it from falling 
by its own weight which will allow the screws, instead of 
eravity, to impart the feed. As soon as one of the slots has 
been bored, the platen of the table is run forward and the 
milling head set across the cross rail until the work is 
brought into position for the second hole which is then milled 
exactly as the first. The entire work on the piece is thus 
accomplished with a single setting. 


A COMBINED DRILL DRIFT AND HAMMER. 

Although a drift for removing drills from the drill socket 
is usually to be found chained to the drill press, so as to be 
always handy, any one who has had much experience in 
drilling has often realized that but one-half of the purpose is 
accomplished, for aS soon as the drift is inserted in the 
hole the machinist must hunt about for a hammer with which 
to drive it, The hunting part of the operation generally 
occupies more time than the actual removal of the drill 
so it has occurred to some one to combine with the drift 
a device for pounding the same so that the use of the hammer 
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will be unnecessary. This device, as shown in the cut, con- 
sists of a regular drill drift at the end of which is 2 
cylindrical shank. Sliding on this shank is a heavy iron spool 
which is retained by a nut on the outer end. When a drill 
is to be removed the drift is inserted in the usual way, the 
spool pulled back on the shank and then pushed briskly 
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Combined Drill Drift and Hammer. 


forward against the head of the drift, thereby producing a 
sharp blow which drives the drill from its socket. In the 
end of the shank, where it projects from the nut, there is a 
drilled hole by which the drift can be chained to any con- 
venient point on the drill press. This drift is manufactured 
by the Maria Stein Machine Works, Maria Stein, Ohio. 

AN INTERESTING MILLING MACHINE. 

In the May number of Macuinery there was published a 
description of a grinding machine employing the sun-and- 
planet motion by which the erinding spindle is made to 
describe a circle as it grinds the interior of a hole. This 
style of machine is employed in grinding holes in work that 
is too large or not suitably shaped to allow it to be rotated. 
The same principle has been applied by Mr. Eric Johnson, 
of the Seattle Machine Works, to the milling machine which 
is illustrated by the accompanying photograph and drawing. 
This machine, as originally designed, was intended for milling 
circular recesses in the rims of a variety of circular saws 
but it is equally applicable to all kinds of milling where it is 
necessary for the work to remain stationary while the cutter 
describes the circle being cut. 


Fig. 1. A New Type of Milling Machine. 


At the foot of the machine shown in the photograph, will 
be geen one of the saws that has been milled with several 
holes and slots showing the class of work of which the 
machine is capable. The saw to be milled is mounted on the 
pin H which has a vertical adjustment, by means of the 
handwheel J and the miter gears J, to accommodate saws 
of any diameter within the capacity of the machine. For 
general use this pin would be replaced by an elevating table 
on which the work would be held. The milling cutter M is 
carried on a spindle D which runs in an eccentric hole in 
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the sleeve EH. This sleeve, in turn is carried in another 
eccentric sleeve O which is free to rotate in the head of the 
milling machine. Upon the back of the sleeve # is a worm 
wheel which is operated by the worm F, mounted on the 
end of the sleeve ©. Turning this worm, by means of a 
wrench applied to the flats on the end of the worm 
shaft, will therefore cause the inner sleeve to turn within 
the outer, and as the eccentricity of the shaft in the 


MACHINERY. 


aol 


of the mechanism is that part connecting or regulating the 
relative motions of the steering wheel, the rudder and the 
engines. When the steering wheel is moved, the engines must 
start, which in turn moves the rudder; and when the rudder 
has reached the desired point its motion must act upon the 
engine valve to stop the motion of the engines, 

The essential features of this mechanism of the engines 
under consideration are indicated in the diagram in Fig. 2, 
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Fig. 2. Details of Special Milling Machine. 


inner sleeve is equal to that of the inner sleeve in the 
outer it will be seen that it is possible to bring the shaft 
concentric with the outer sleeve or to off-set it so that during 
a revolution of the outer sleeve it will travel in a circle whose 
diameter is equal to the combined eccentricity of the two 
sleeves. A pointer S upon the sleeve £ indicates the amount 
of eccentricity as shown by the graduations on the sleeve C. 

The cutter itself is driven by a rope running over a 
grooved pulley which is keyed directly to the spindle. From 
another sheave on this pulley a rope passes over a sheave on 
the end of the shaft G, while a counterweight provides for 
the difference in distances between the spindle and the 
shaft G, due to the spindle moving about a center while the 
shaft G remains stationary. Upon the forward end of this 
shaft is the friction disk K which, by means of a cam 
and lever N and O may be forced into or thrown out of 
engagement with the friction wheel L. The shaft on which 
this friction wheel is mounted carries a worm P which 
meshes with a worm wheel on the front end of the sleeve 0 
and causes it to revolve in the head of the machine, thus 
causing the spindle to describe a circle of the required 
diameter. The head itself is dovetailed to the column of 
the machine and may be fed forward or back by means of 
a rack and pinion operated by the hand wheel Tare 


STEAM STEERING GEAR FOR U.S. TORPEDO BOATS, 

The accompanying cuts show a simple type of steering en- 
gines and gear used on some of the sovernment torpedo boats, 
the particular engines illustrated being used on a boat built 
at the yards of the Fore River Engine Co., Quincy, Mass. At 
the center of the crank shaft of the engines is a worm which 
drives the rack, Fig. 1, through a worm wheel and pinion. 
This rack gives motion to the rudder. There are two engines 
operating on the same shaft and between their cylinders is 
the controlling valve, which is moved up or down to start the 
engines in one direction or the other. The valve is moved by a 
lever actuated by a nut on a threaded section of the tall ver- 
tical shaft at the front of the engines. The problem is to have 
this valve so operated that when the steering wheel is turned 
in one direction a definite amount, the rudder will be turned 
by the engines ina corresponding direction, and also a definite 
amount, depending on the distance the steering wheel is 
moved. In any steam steering gear the interesting portion 


and the most important parts of this diagram are the steering 
wheel A, the vertical shaft Bb, the nut © on the threaded por- 
tion at the lower end of the shaft, and the connections; first, 
between this nut and the engine valve, by means of the lever 
D; and second the rack R by means of the gears # and Ji. 

When the steering wheel is moved, the shaft B turns, and 
as the nut © is kept from rotating by its geared connection 
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Steam Steering Gear. 


with the rack R, it screws up or down on the shaft B accord- 
ing to the direction in which the latter rotates. This ver- 
tical movement of the nut C actuates the engine valve by 
means of lever D, whereupon the engine starts and slides rack 
R one way or the other and so moves the rudder. Ag soon 
as the rack moves, nut 0 begins to turn, being driven through, 
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gears F and H, and screws back to its central position, closing 
the engine valve. This of course stops the engine, and the 
distance that the rudder has moved is gaged by the distance 
nut @ has been raised or lowered by the motion of the steer- 
ing wheel A. It will be seen that the function of the nut @ 
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Fig. 2. Diagram of Steam Steering Gear. 


is the same as that of a floating lever, the rising or lowering 
of the nut being in effect the same as the tilting action of a 
lever. 

The steering wheel A is located in the pilot house of the ves- 
sel and connection may also be had with a wheel on the 
bridge by means of gears H at the lower end of shaft B, this 
connection being thrown in or out by the clutch K. 


110 H. P. Traction Engine. 


With any steering arrangement it is necessary to have some 
way of knowing what the position of the rudder is at any 
time, and this is here accomplished by the pointer or indi- 
cator L, also shown in plan at M. On a threaded section at 
the upper end of shaft B is a nut P, on the outside of which 
is cut a spiral groove. The pointer fits over the outside of the 
nut, and a key is fitted to the spiral groove and also to a 
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spline in the pointer. The nut cannot turn but moves up and 
down with the motion of the shaft and the spiral groove 
causes the pointer to indicate the position of the mechanism 
and hence the position of the rudder, to port or starboard. 


MAMMOTH TRACTION ENGINE. 

The development of the traction engine for hauling pur- 
poses, has reached an advanced state in the far West, espec- 
ially in California where it is largely used for drawing trains 
of wagons in place of mule teams. The relative cost of 
freighting by traction engines and mule teams, is said to be 
about as 1 to 2. It is not unusual for the larger traction 
engines of, say 50 H. P. to haul loads of 20 to 25 tons at 
the rate of 3 to 4 miles per hour, and on grades of 12 to 15, 
per cent. they will handle from 75 to 80 per cent. of the 
above loads. One striking feature of these western traction 
engines is their very large and broad driving wheels, 7 feet 
diameter and 2 feet width of tire being common. The steam 
pressure is high, being from 125 to 150 pounds. 

The accompanying illustrations show side and rear views 
of a heavy high-powered traction engine, being a 110 H. P. 
three-wheeled engine built by the Best Manufacturing Com- 
pany for the Middle River Farming Company. The steer- 
ing wheel is 5 feet diameter and the width of the tire is 14 
inches. The rear driving wheels are 8 feet diameter and 
the tire widths 26 inches. The total width of the engine 
is 9 feet 7 inches and the weight is 31,000 pounds. The haul- 
ing capacity is equal to that of 50 horses which means that 
it can draw loads of 50 to 65 tons exclusive of the weight 
of the wagons. The boiler is a combination vertical and 
horizontal and can safely carry a pressure of 150 pounds. 
The obvious advantage of a vertical boiler is that when work- 
ing on grades, there is no danger of the crown sheet being 
uncovered if the normal water level is maintained. 

It will be noticed that the cab is tightly constructed and 
that there is a small fan blower in front of the water tank 
with its discharge pipe connected to the cab. This construc- 
tion was necessary for the engine shown, as it was made for 
plowing on an island having a very soft, light, ashy soil, 
The dust rises in such great clouds when the engine is pull- 
ing the plows that it is impossible for the engineer to breathe, 
let alone seeing ahead from his position on the engine. Hence 
it was necessary to overcome this difficulty by building the 
cab tight like a house, with openings near the roof so that 
when the dust penetrates it the blower can be set in opera- 
tion to furnish fresh air and to blow the dust out. 

Fuel oil is used for this engine, the oil tank showing in 
the rear view just above the firebox. When using coal or 
wood a small supply is stored in the space occupied by the 
oil tank, and a larger supply carried on a tender. While the 
traction engine is scarcely a thing of beauty, it has proved to 


Traction Engine (Rear). 


be a most valuable and indispensable factor in conducting 
large enterprises of the West, especially in regions remote 


from the railways. 
* * * ’ 

The nickel-steel alloy having the least coefficient of expan- 
sion (about one-thirteenth that of wrought iron) to which 
we have referred several times, is patented. In England it 
is sold under the trade name of “invar.” 
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HOW AND WHY. 


A DEPARTMENT INTENDED TO CONTAIN CORRECT AN- 
SWERS TO PRACTICAL QUESTIONS OF 
GENERAL INTEREST. 


Give all details and name and address. The latter are for our 
own convenience and will not be published. 


26.—Will you kindly tell me what features the Engineering 
Edition of Macuinery has, not included in the shop edition, 
that would be of benefit to the ordinary machinist? 2.—wili 
you or some of your readers give details of a boring attach- 
ment to go on the head of a planer? If this is to be driven 
by rope drive I would like details of that also. 3.—Also de- 
tails of attachments for a lathe for internal and external 
grinding of reamers, cutters, etc. 


A.—The Engineering Edition contains a summary or con- 
densed report of the leading articles upon mechanical subjécts 
that have appeared in other publications, thus giving a reader 
of MAcHINERY information upon important topics discussed in 
various journals which he probably would not subscribe for 
or even see at all. To show how much valuable material 
appears in this department we will mention the subjects of a 
few articles reviewed in the last number of the paper. Among 
these were: The application of reversing motors to planers; 
the construction of concrete chimneys; description of the new 
Curtis steam turbine, which is now manufactured by the Gen- 
eral Electric Company; description of a new type of German 
boiler in which a water tube boiler is combined with an 
internally-fired boiler; description of an English grinding 
machine operating on a new principle; reports of tests on the 
Banki motor—a German gasoline motor which operates on a 
new principle enabling very high economy to be secured; re- 
port on the performance of water-tube boilers in the govern- 
ment boat Marietta, this being the first thorough trial of 


marine water-tube boilers in which unbiased results could be. 


made public; and finally the results of tests by Geo. H. Barrus, 
the consulting engineer, to show whether reheating receivers 
in compound engines are really of value—a disputed question 
among engine builders. All of these subjects are live topics, 
and important ones, and any machinist who is trying to keep 
in touch with things will be interested in them. In addition 
to this review the Engineering Edition contains several arti- 
cles not found in the shop edition, some upon machine design 
—sood to file away for reference—and some of a descriptive 
nature telling about machinery of general character aside 
from machine shop tools—steam engines, for example. What 
is consideréd by many of the greatest value, however, is the 
monthly data sheet given with the Engineering Edition, in 
which are tables, diagrams and condensed data relating to shop 
work and machine design. 2.—We will refer this question to 
our readers and also suggest that you write the Adams Co., Du- 
buque, Ia., who manufacture a milling attachment for planers. 
3.—If you will consult our advertising! columns under the 
head of manufacturers of “center grinders” you will find 
several attachments mentioned suitable for cutter grinding 
in the lathe. You can probably purchase these cheaper than 
you could make an attachment yourself. 


27.—S. T. E.—Will you kindly explain the term horse power 
as applied to a steam boiler? Does it mean the same as when 
applied to an engine, and how is it determined? 


A.—The term horse power as applied to an engine repre- 
sents the capacity of the engine to perform a given number 
of foot-pounds of work, 33,000 foot-pounds per minute being 
taken as the standard horse power. This is determined by the 
formula: 

H.P.=PXLXAXN + 33,000 
in which 

P = mean effective pressure, in pounds per square inch, act- 
ing on the piston. 

L = length of stroke in feet. 

A = area of piston in square inches. 

N = number of strokes per minute — twice the number of 
revolutions per minute. : 

In a boiler the work is that of converting water into steam 
and cannot, therefore, be expressed in foot-pounds of available 
energy, so the standard of measurement usually adopted is 
the capacity of the boiler to evaporate a number of pounds of 
water of a temperature of 100 degrees F. into steam at a pres- 
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sure of 70 pounds above that of the atmosphere. The evapora- 
tion of 30 pounds per hour under these conditions is called a 
boiler horse power as it is considered that this is the average 
requirement per indicated horse power of the engine. The 
horse power of a boiler depends directly upon the heating 
surface, but can be made to vary over a wide range by varia- 
tions in the draft or in the method of firing. In designing a 
boiler it is generally customary to allow 12 square feet of 
heating surface per horse power, but this amount varies 
considerably with different builders. A very good rule for 
finding the approximate horse power of a tubular or water 
tube boiler is: 

Nee ee 
in which 

N = number of tubes. 

L = Length of tubes in feet. 


28.—O. H.—In making the pattern for a sprocket wheel, 
I have made use of the formulas given in Brown & Sharpe’s 
catalogue for determining the outside, bottom and pitch dia- 
meters. These are, of course, correct, but I would like to in- 
quire if some one has not a simpler method or formulas by 
which these dimensions can be determined. 

A.—The formulas above referred to are the simplest that 
we know for determining the diameters for making sprocket 
wheels. If any of our readers can contribute any others or 
describe a graphic method for obtaining the same results, we 


should be pleased to receive the information. 


29.—H. T.—How can I estimate the H. P. of a steam tur- 
bine, or figure out the indicated horse power. 2.—Are there 
any books on steam turbines showing different designs and 
data regarding the relative economy of turbines and recip- 
rocating engines? 

A.—The horse power of a steam turbine can be determined 
only by using a prony brake to measure the power; or, if the 
turbine is direct-connected to a generator, as is usually the 
case, by reading the ammeter and voltmeter on the switch- 
board. There can be no such thing as the “indicated power” 
of a turbine. The term applies to the power of a motor as 
determined by the steam engine indicator. An indicator can- 
not be applied to a steam turbine. The object of an indicator 
is to trace a line which shall show the pressure within the 
cylinder at every point in the stroke of an engine. In a 
turbine, of course, there is no cylinder and no means of deter- 
mining what corresponds to the indicated horse power. 2.— 
We will refer you to “The Steam Turbine,” by R. M. Neilson, 
and published by Longmans, Green & Co.; price $2.50. 

* * * 


A recent call at the Lehigh Valley R. R. shops at Easton, 
Pa., revealed some interesting locomotive tire turning work, 
which is, we think, far ahead of what is being accomplished 
in most railroad shops that are attempting increased product 
in this line, Locomotive driver tires are turned in a 90-inch 
Pond lathe at a cutting speed of 20 feet per minute, using 
tools made of Novo and Midvale steels. At the time of our 
visit one tool rest carried a Novo tool and the other was one 
made of Midvale steel. The difference in the work and 
durability of the two tools, is said to be practically inappre- 
ciable. A pair of 56-inch tires are turned complete in about 
three and one-half hours, or three pairs in something more 
than a day’s work. A recent record showing rapid work, is 
the turning of the tires of a six-wheel-connected engine that 
went onto the drop-pit at one o’clock in the afternoon. The 
wheels were dropped and the tires turned, two new wedges 
put in and some other minor repairs made. The engine was 
ready to go out the next day at noon. Of course the wheel 
lathe ran all night, but the tires were turned the next morning 
at six o'clock. 

Tires were being bored on a Niles boring mill working at 
a cutting speed of about 32 feet per minute, roughing cut, 
and 50 feet finishing cut. They have run finishing cuts as 
high as 80 feet per minute. This is very high speed when 
the hardness of locomotive tires is considered. The ordinary 
roughing cut is % inch and 3-16 inch feed. The three 
sizes, 56-inch, 62-inch and 70-inch tires are all bored in 
the same time, or 1 hour 20 minutes, no change of the belt on 
the cone pulley being made for the three sizes of tires. 


554 


MACHINERY. 


June, 1993. 


NEW TOOLS OF THE MONTH. 


A RECORD OF NEW TOOLS AND APPLIANCES FOR MACHINE SHOP USE. 


PIPE CUTTING-OFF AND THREADING MACHINE. 

The half-tone presented herewith illustrates the ‘‘Peerless”’ 
special improved pipe machine, for cutting off and threading 
pipe, that has recently been placed on the market by the Big- 
nall & Keeler Mfg. Co., Edwardsville, Ill. This machine com- 
bines simplicity of design with good proportion and accurate 
fitting of its parts which are so designed as to occupy a mini- 
mum amount of floor space. This machine, as regularly con- 
structed, is driven from a cone placed parallel with the spin- 
dle, but when it is desired to secure a minimum amount of 
floor space occupied the cone may be mounted, as 
shown in the illustration, at right angles Tomuucne 
spindle. The capacity of this machine is from 14-inch to 2- 
inch pipe inclusive, and it is furnished with a complete set 
of dies, eight in all, for cutting each size of pipe within this 
range. Each set of dies consists of four chasers which are 


regulated in the die head by the “Peerless” die adjustment. 


J. 


“Peerless” Threading and Cutting-off Machine. 


The pipe to be threaded is securely gripped by a universal 
chuck in the front and held parallel by a scroll chuck on the 
rear. As both chucks are self-centering, accuracy and quick- 
ness in chucking is secured. The machine is furnished with 
an automatic oil feed arrangement whereby the oil is supplied 
to the dies and cutting-off tools and then returned to the bed 
of the machine. Cut gears are used throughout thereby 
insuring easy and noiseless running that cannot be obtained 
where cast gears are employed. 


TEN-SPINDLE TURRET DRILL. 

The A. E. Quint Co., Hartford, Conn., have just added to 
their line of turret drills the ten-spindle drill illustrated 
herewith. This machine is designed for light jig drilling 
where it is desirable to use several sizes of drills upon the 
work without removing it from the jig. The drill is so con- 
structed that the feed of the work to the tool, the indexing of 
the turret head and the change of speed are all performed 
by the use of foot levers, leaving the operator’s hands free 
to handle the jig or the work. Only the spindle pointing down 
to the center of the table rotates, and as all spindles, when 
indexed, point to same center the pressure of tool at work is 
at all times in center of table. Any spindle may be thrown 
into or out of action without stopping drill by means of the 
center foot lever which will release the turret locking pin. 
When the turret head is revolved to the spindle wanted the 
pin locks the head before the spindle rotates. 

The two speed changing device consists of two friction 
pulleys on countershaft fastened to back side of the drill with 
a friction clutch between them, the clutch being held in con- 
tact with one of the pulleys by means of a weight, shown 


on end of foot lever. When necessary to change the speed of 
drill the foot is pressed on lever; this raises the weight and 
moves the clutch from one pulley to the other, then the flat 
spring on front side of base springs’ over top of lever and 
holds the clutch in contact with pulley. When the size of 
tools used demands more than two speeds, an overhead two 
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Ten-spindle Turret Drill. 


speed countershaft may be used. Belted to countershaft on 
drill this will give four drilling speeds. The table is 14 inches 
by 20 inches; the distance from face of column to center of 
spindle 814 inches, while the greatest distance from the table 
to the spindle is 20 inches. 


THE “HERO” EMERY GRINDER WITH DRILL GRINDING 
ATTACHMENT. 


Figs. 1 and 2 illustrate a very convenient little emery grinder 
that has lately been placed on the market hy the Robertson 
Mtge. Co., Buffalo, N. Y. It is designed for use in repair 
shops, blacksmiths’ shops or in any place where power is not 


Fig. 1. Twist Drill Grinding Attachment. 


available. It will also prove convenient in the large shops 
where, at times, a grinder is needed when the power is not 
in operation. The shaft runs on ball bearings and carries two 
solid emery wheels 6 inches in diameter and 3%, inch wide. 
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The spindle is driven by a chain running over a large driving 
wheel, which is operated by a crank and foot lever. ‘The head 
is provided with the ordinary grinding rests and Special hold- 
ers are made for knife and skate grinding. The twist drill 
grinder, shown in Fig. 1, can be readily attached in place of 
one of the regular grinding rests, 


Pig. 2. “Hero” Foot Power Emery Grinder. 


THE “YANKEE” BENCH PRESS. 

The half-tone herewith illustrates a form of power press 
that was originally designed by Mr. Robert C. Manville for 
light blanking, piercing, clipping, forming and similar work 
which was formerly done in the ordinary foot and screw 
presses. The main features that were embodied in the origi- 
nal press are still retained in the new model with such im- 
provements as time and experience have brought about. For 
the adjustment of the slide to accommodate the different 
heights of dies and lengths of punches, there is, in the connec- 
tion, an eccentric bushing which slips onto the crank pin. By 


The “ Yankee” Bench Press. 


loosening this bushing, which is done by simply loosening the 
screw at the top of the connection, it may be turned so as 
to obtain any required height. : 
There is a variety of work that has to be placed in position 
by hand, and in order to do this the press must be brought to 
a stop at the end of each revolution. In order to make it 
practically safe for the operator there is provided a combina- 
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tion stop clutch which is so arranged as to render a second 
revolution of the press impossible without raising the foot. 
If a continuous motion is required, as with the ordinary power 
press, it can be obtained by throwing out a trip, which is done 
by simply turning a screw on the upper end of the treadle 
connection. These presses are made in two sizes, and may 
be used on the bench or mounted on an iron table, as illus- 
trated. The builders are the Manville Bros. Co., Waterbury, 
Conn. 


Twenty-eight inch Carriage Turret Lathe, for Valve Work. 


TWENTY-EIGHT INCH CARRIAGE TURRET LATHE. 

Fay & Scott, Dexter, Me., have lately brought out a 28-inch 
carriage-turret lathe which is especially fitted for valve work. 
This is a modification of their regular 28-inch lathe and has 
double friction back gears and the same style of feed mechan- 
ism and lead screw clutches that were described in MACHINERY 
in March, 1902. In addition to the regular features of the 
lathe there is mounted on the carriage, in place of the regular 
tool rest, an octagonal turret having 24-inch holes, with key- 
ways, for holding boring bars and tools. The faces of the 
turret are finished and are drilled and tapped, by templet, 
with a series of holes for fastening special tools or fixtures. 

At the top of the turret will be seen the hand lever by which 
it is operated. A single motion of this lever, forward and back, 
is sufficient to release the turret, turn the next tool into 
position and again lock the turret. Being mounted on the 
carriage, the turret partakes of the regular feeds, both friction 
and screw-cutting, and may also be used with the cross feed 
or locked, by dowel pin, so that the holes will come in line 
with the centers of the lathe. This lathe is mounted on an 
8-foot bed with oil pan and pot beneath connected to an oil 
pump, which is fastened to the back of the lathe and driven 
from a small pulley on the countershaft. The total weight of 
the machine is about 8,000 pounds. 


LOCOMOTIVE CONNECTING-ROD PLANER. 

We illustrate herewith a planer, recently built by the Wood- 
ward & Powell Planer Co., Worcester, Mass., that is designed 
especially to meet the requirements of locomotive builders. 
The special features of this tool are its simplicity and the 
adaptability of its design to the Special purpose for which it 
was made. The head housing remains fixed in its position 
while the rear one can be slid along the bed so that the heads 
3% feet long on connecting rods up to 11 feet in length can 
be planed with both sets of planer heads in use. The cross 
rail of each housing carries two heads with an independent 
power feed for each, and both heads have hand vertical feeds. 
Four other heads are mounted, one in the face of each hous- 
ing, making in all eight heads to the machine. These last 
heads are provided with a vertical power teed and a hand 
horizontal feed. The belt shifter is a cam device which shifts 
one belt before the other and is controlled by a hand ever on 
either side of the bed. There is a device on the rocker for lock- 
ing the shipper when the belts are on the loose pulleys so that 
they cannot accidentally work onto the tight pulleys and start 
the table. Two dogs govern the length of the stroke, and each 
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has a latch which can be raised to allow the table to be run 
back either way without changing the position of the dogs. 

The feed works are very simple, and are designed to give a 
fine feed or one that is very wide for smoothing cuts. The 
feed is operated by a positive device, which takes its power 
from the gearing inside of the bed, so that no load comes 
upon the shaft except that of moving the heads. The driving 
gear is such as to give a belt speed of about 90 feet to 1 foot 
of table movement, the speed being the same forward and 
back, so that cutting takes place in both directions. 
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located hand knob. There is an automatic stop to the down 
feed, which is set by graduations on the spindle and can be 
readily adjusted. The spindle has a quick return and is 
counterbalanced. 

The back gears, which form a new feature on this size of 
drill, are engaged very quickly and easily. The belt shifter 
is so located that the machine can be started and stopped by 
the foot, leaving the hands free to attend to the work. All 
levers and handles are placed where they can be easily oper 
ated by the workman without changing his position. 
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Locomotive Connecting-rod Planer. \ 


TWENTY-INCH UPRIGHT DRILL. 


The accompanying illustration shows the latest 20-inch up- 
right drill that has been brought out by the American Tool 
Works Co., Cincinnati, Ohio. This drill is of new design 
throughout and has been made heavier and more compact in 
every way than their former patterns. As shown, it is 
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“ American” 20-inch Upright Drill. 


equipped with wheel, lever and automatic power feeds, back 
gear and automatic stop. The back gears and automatic feed 
can be omitted, when desired. The table is raised and lowered 
by means of a screw and crank. The power feed is engaged 
or disengaged by a friction which is operated by a conveniently 


THE CARVER KNIFE GRINDER. 

The grinder shown in the cut herewith is designed for 
grinding huller, planer, paper-cutter, or other knives that 
require a straight and true edge. The knives are fastened 
to a table which may be set to hold the knife at any angle 
while the carriage automatically carries it back and ‘forth 
actoss the face of the wheel. At the same time the wheel is 
automatically fed forward onto the knife that is being ground. 
The pinion that reciprocates the carriage is provided with a 
clutch which allows either power or hand movements of the 


Carver Automatic Knife Grinder. 


carriage and permits the carriage to be stopped at any time 
without stopping the wheel. The length of the stroke is 
governed by adjusting stops. 

The feed can be set to grind fast or fine, as may be desired, 
and when once set for any piece of work, requires no further 
attention. When ground to the point for which the index is 
set, the feed ceases to act so that the knife is not unduly 
wasted by further grinding. The machine can be used either 
for wet or dry grinding, and when used for wet erinding 
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a constant supply of water is furnished from a tank by means 
of an automatic pump, located on the back of the machine. 
The water is fed to the wheel by an adjustable hood which 
prevents it from being thrown off from the wheel and it then 
returns to the tank where it is used over and over again by 
the pump. This grinder is the product of the Carver Cotton 
Gin Co., East Bridgewater, Mass. 


KEMPSMITH UNIVERSAL MILLING MACHINE. 

Fig. 1 illustrates an entirely new universal milling machine 
that hasS just been brought out by the Kempsmith Mirta@ox 
Milwaukee, Wis. This machine has been wholly redesigned 
with a view to fitting it for the higher speeds and coarser feeds 


Fig. 1. New Kempsmith Universal Milling Machine, 


that are possible with the new tool steels. Besides contain- 
ing the desirable features of their former machines this miller 
has new features which not only make it more powerful 
and rigid but also add to its convenience and ease of operation. 


Fig. 2. Diagram of Feed Mechanism of Kempsmith Miller. 


The handles for engaging, tripping and reversing all the feeds 
are at the front of the knee within easy reach of the oper- 
ator so that he can observe the action on any work in hand and 
have the movements of the table under absolute control with- 
out moving his eyes from the work. 
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Sixteen spindle speeds are obtained by means of a four-step 
cone, back gears-and double friction countershaft and these, 
like the table feeds, are arranged in geometrical progression. 
Fig. 2, which is a view through the center lines of the gear 
shafts, shows the arrangement of the gearing. Fig. 3 shows 
that these gear shafts are not in the same plane in the ma- 
chine but they are so shown in Fig. 2 for the sake of clear- 
ness. The feed is direct, driven from the spindle of the ma- 
chine by means of a chain to sprocket wheel A which is keyed 
to its shaft. B is a sliding clutch operated by eccentric shaft 
C and lever No. 1 (Fig. 3) and may be engaged with either 
D or E£, which in turn will transmit a fast or slow motion tc 
cone gears on shaft #. Cone gears corresponding to those on 
shaft F are mounted on shaft @ in swinging cage H. Cage H 
carries four intermediate or idle gears J which are made to al- 
ternately engage in different pairs of cone gears by means 
of lever No. 2. Back gear K’is mounted in cage H and drives 


Fig. 3. Feed Box of Kempsmith Miller. 


pinion L. M and N are clutches keyed and pinned to shaft G. 
O is a sleeve with a helical groove on shaft G operated by lever 
No. 3 to engage either M or N. P is the universal joint con- 
necting with the feed works in the knee through the tele- 
scopic shaft. An index plate showing all the feeds from .004 
inch to .150 inch per revolution of spindle is attached to 
feed gear box and indicates the positions of the levers for the 
desired feed, as the arrangement of the figures and letters on 
the index plate is in the same direction as the movements ot 
the levers, the feeds may be read instantly. 

The straight overhanging arm, heretofore used on the plain 
miller, has been adopted for use on this machine and this 
may be pushed back flush with the 
face of the column when it is desired 
to place high pieces on the table. The 
vertical screw is now telescopic and 
permits lowering knee and table the 
full distance of feed without need of 
serew hole in floor or foundation. 


NEW INDEX HEAD FOR UNIVER- 
SAL MILLING MACHINE. 


The illustrations herewith show a 
new universal indexing and dividing 
head, for milling machines, that is 
made, in three sizes, by the Cincin- 
nati Milling Machine Co., Cincinnati, 
Ohio. The method of indexing by 
means of index pointer, plates and 
connecting gearing is the same as 
that in general use in mechanisms 
of this kind. It will make all divi- 
sions up to and including 360 and a 
great many beyond this number. 
Some of the details are entirely new, 
particularly the method of taking up 
the wear between worm and worm 
wheel and the arrangement for clamp- 
ing the swivel block at an angle. 
Angular settings of the work spindle can be made from 5 
degrees below the horizontal to 50 degrees beyond the per- 
pendicular when geared to universal machines. When fitted 
to plain machines, it may be swiveled through a complete 
circle if the front index plate is removed. 
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The worm and worm wheel may be thrown out of mesh for 
any position of the work spindle by turning the T-bolt, Fig. 2, 
through half a turn, and this is accomplished without remov- 
ing any parts, slacking up any lock nuts, or disturbing any 
adjustments whatever. The end of this T-bolt is made eccen- 
tric and engages a slide attached to the worm casing, which 
slide is free to move endwise, and the worm casing itself being 
confined between the walls of the swivel block, as shown in 
Fig. 3, can only move in a vertical direction. The slide takes 
the horizontal motion of the eccentric end of the T-bolt. From 


this it will be seen that the worm moves away from, or toward 
the worm wheel in a plane, perpendicular to the axis of the 


Fig. 1. Index Head of Cincinnati Milling Machine. 


worm wheel, that is, a plane through the line XX, TNS. Bs 
Compensation for wear between these two members is obtained 
by adjusting the screws which attach the slide holder to the 
worm casing, all of which is evident from Fig. 2. It will be 
noticed that this compensation for wear is made along the 
same straight line XX, Fig. 3, so that these parts may be ad- 
justed repeatedly without danger of disturbing their alignment. 

The swivel block has large trunnions of diameter A, Fig. 2, 
and it is firmly secured in any position by means of the clamp- 
ing straps shown, which are made to grip the trunnions by 
tightening two cap screws, one of which is shown in Fig. 3. 
These trunnion bearings have an arc of contact of 360 degrees; 
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bed to the slide being sufficient to accommodate special tools 
or fixtures for a large variety of forgings. 

The press is equipped with outside cut-off which has power 
for shearing or cutting off bars of considerable size either 
hot or cold. It has an improved gravity releasing device in 
which the releasing of the clutch does not depend in any way 


New Tool Forging Press. 


By means of this clutch the machine is under 
control of the operator at all times. The outside trimming 
attachment may be provided or not, as desired. The press 
illustrated is provided with adjustable pitmans, but solid ones 
can be used when they are preferred. The frame is in one 
piece, thus giving great rigidity. The press is built in three 
sizes by the Toledo Machine & Tool Co., Toledo, Ohio. 
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Fig. 2. Cross Section through Index Head. 


are always fully protected, no part of them being exposed at 
any time, no matter at what angle the spindle is set. Instead 
of the usual single notch on the index plate for locking, there 
is a series of small notches milled on its edge, which permit 
of moving it a véry small amount. This is very often conve- 
nient when adjusting work to the cutter. The tailstock has 
the usual elevating center. It may be set at any angle up to 
10 degrees above or below horizontal to bring the centers in 
line with the center of the work when milling taper reamers 
or similar work. 


A NEW FORGING PRESS. 

A new type of forging press, that is adapted for general 
tool forging, is shown in the photograph herewith. As shown, 
the press is equipped with a special fixture for forging pick- 
eyes, but this is a separate fixture and may be replaced by 
one for any other purpose desired, the distance from the 
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Fig. 8. Longitudinal Section through Index Head. 


A NEW TEN-FOOT BORING AND TURNING MILL. 

The Bullard Machine Tool Co., Bridgeport, Conn., have just 
placed on the market the new boring and turning mill, of 
unusually large proportions, that is illustrated herewith. Al- 
though rated as a 10-foot mill it has an actual maximum 
swing of 123 inches, and a maximum height under the cross 
rail of 84 inches. The machine is driven from a five-step 
cone by means of a 4-inch belt. The table is turned by a spur 
pinion running in an internal spur gear, and the intermediate 
gearing between this pinion and the driving shaft may be 
manipulated so as to give three different ratios of the driv- 
ing gear. This, together with the five belt speeds, gives 
a total of 15 table speeds. The total ratio of the gearing 
between the driving shaft and table is 252 to 1, so that high 
belt speeds are employed. To enable the machinist to shift 
the belt, running at this high speed, swinging guides are 
placed around each side of the belt so that it may be shifted 
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from one step to another by a simple movement of levers. 
All of the driving gears are completely covered with iron 
casings and are run in a bath of oil. The shifting of the 
driving gears is all accomplished by levers operated from the 
side of the machine. 

The spindle is 20 inches in diameter by 60 inches long and 
the lower end runs in an adjustable quartered box So that any 


Ten-foot Boring and Turning Mill. 


possible chatter or shake may be prevented. The spindle sup- 
port, which is 50 inches in diameter, is accurately fitted and 
runs in a bath of oil, the height of which is maintained 
by means of an indicator placed in a conspicuous position. 
Two heads are mounted upon the crossrail and each is 
driven from an entirely independent mechanism operated 
from its respective side of the machine. Each head has hori- 


“Burr” Cold Saw with Grinding Attachment. 


zontal feed of 1-82 inch to 1 inch and vertical feed of 3-128 
inch to % inch, both of which are positive. In addition to 
this the head on the right-hand side of the machine has a 
thread-cutting device which cuts threads from 1 to 12 per 
inch, including the 11%. Each head has a quick traverse, 
in either direction, driven by friction gearing, which is thrown 
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into operation by the hand lever that may be seen at the side 
of the machine, fitted with a counterweight for keeping it 
normally out of action. 

The screw-cutting, power and quick feeds are so arranged 
that putting any one of them in operation places the others 
out of action so that any accident from interference is im- 
possible. The tool bar has a vertical movement of 48 inches. 
The crossrail is raised and lowered by power and all of the 
flat bearings are provided with tapered gibs. The mill, as 
shown, is belt driven, but when desired it may be operated by 
a 20 horse power electric motor. The total weight of this 
machine is somewhat over 90,000 pounds. 


ELECTRICALLY-DRIVEN TOOL POST GRINDER. 

L. 8S. Heald & Son, Barre, Mass., have just placed on the 
market the electrically-operated toolpost grinder shown in 
the accompanying half-tone. It is adapted for use in the tool- 
post of either lathe, planer, shaper or milling machine. The 
motor is mounted just above the spindle and drives it by a 
round belt running over grooved pulleys. As these pulleys 
may be changed for others of different diameters any speed 
of the spindle may be attained, thus fitting the machine for 
carrying large or small grinding wheels. The tool is provided 


Electrically-driven Tool Post Grinder, 


with a universally adjustable gage, or rest, for the work and 
also with an extension spindle for internal grinding. It has 
an independent feed of three inches by means of a worm and 
hand wheel. The base, where the grinder is bolted to the 
holder, is graduated so that the spindle may be set at an 
angle for grinding tapers. The motor may be wound for alter- 
nating, as well as direct current, of any voltage, and the power 
is supplied by connecting to any convenient incandescent lamp 
socket. 


NEW “BURR” COLD SAW. 

The photograph herewith shows a new cold saw that has 
just been placed on the market by John T. Burr & Son, Brook- 
lyn, N. Y. This machine uses a 10-inch circular milling saw 
1-16 inch thick, and has a capacity for cutting off stock up to 
3% inches, round or square. It is operated by means of a 
pair of cut pinions, worm wheel and worm. The saw carriage 
or slide is fed by gravity, the weight being adjustable on 
the lever and the movement being transmitted to the car- 
riage by a chain running over a srooved sleeve. The vise and 
vise arch may both be removed from the frame and fixtures 
for cutting special work substituted. 

The saw runs in a bath of oil and a stock stop provides for 
cutting any number of pieces to the same length. The ma- 
chine is especially adapted to cutting up disks, gears, collars, 
etc., and for any work where it is desired to have the ends 
parallel. It is claimed that it will cut off to within .005 
inch of parallel. The machine is furnished with a saw grind- 
ing attachment which is operated by a pulley on the driving 
Shaft. For the purpose of illustration a saw is shown both 
on the saw arbor and also in position to be ground. 
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FOUR NEW LATHE TOOLS. 
COMBINATION STRAIGHT AND SIDE TOOL HOLDER. 

The tool holder illustrated herewith is manufactured by Carr 
Bros., Syracuse, N. Y. It is, in a way, a combination of three 
tools, taking the place of a right-hand, left-hand and straight 
holder. The cut shows the blade in one of the side positions 
while the dotted lines show how it can be turned to the other 
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hand or straight. The blade is locked in its position by the 
nut on the top and the angle of the clamp is such as to give 
the proper rake without top grinding. When in the off-set posi- 
tion it has an additional rake, as this position raises the cut- 
ting edge. 


“Champion” Right-hand Side Tool Holder. 
“CHAMPION” SIDE TOOL HOLDER. 
This tool holder is designed for facing work and also forms 
a convenient tool for turning or reducing stock. The cutter is 
supported both on the side and bottom and is held by a wedge 
shaped cap that clamps it firmly in place. This holder is 
made both right and left hand, the one shown in the cut being 
the right hand tool. It is made in three sizes and is the pro- 
duct of the Western Manufacturing Co., Springfield, O. 


RIGHT AND LEFT HAND OFF-SET TOOL. 

This tool is designed for using extra large cutters made of 
sélf-hardening tool steel and is made very rigid to stand the 
excessive strains which are encountered in heavy work. It is 
fitted for use on lathe, planer or shaper and may be used 
either as a right or left-hand tool, as desired, by simply chang- 
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ing the set-screw from one side to the other. As will be seen 
from the cut, the offset of the holder permits the cutter to be 
removed for grinding without taking the holder from the tool 
post. This tool is made by E. A. Warburton, and is for sale 
in ten sizes by N. S. Ashworth & Co., Amber and Adams 
Streets, Philadelphia, Pa. 
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MULTIPLE DIAMOND-POINT TOOL. 

A novelty in the way of a diamond-point tool is shown in the 
sketch herewith. The tool is drop-forged and has three 
points at each end connected by webs, and as each point be- 
comes ground away so that it is no longer useful, it is broken 


Industrial Press, N.Y. , 


off and the next point is smoothed up on the grinder and is 
then ready for business. In this way practically the whole of 
the steel comprising the tool is available for use. The tool 
is made by the Jaques-Bush Mfg. Co., Providence, R. I. 


TWO TOOLMAKER®’ VISES. 

The Atlas Machine Co., Providence, R. I., have just placed 
on the market two new vises designed especially for holding 
work at angles in the planer or milling machine and for such 
similar purposes as occur in general toolmaking work. The 
body of the vise shown in the cut may be tipped and clamped 
at any angle up to 55 degrees and may also be swung around 
the base in a complete circle. A series of graduations on the 
base, in connection with a pointer, indicate the angle at which 
the vise is set, while a clamping bolt retains it firmly in posi- 
tion. Both jaws have hardened steel plates which are held 


“Atlas” Toolmakers’ Vise. 


in place by screws so that removal and change from the 
rough to smooth jaws is the work of but a few minutes. The 
other vise is similar in construction, but is provided with the 
rotary movement only, the jaws remaining fixed in a horizontal 
plane. In this vise a screw is provided for locking the table 
in any desired position. 

A NEW CORUNDUM WHEEL. 

The Vitrified Wheel Co., Westfield, Mass., have for some time 
been turning their attention to the corundum that has been 
found in large quantities in Canada, and their investigations 
and experiments have developed the fact that this corundum 
is unusually pure and efficient and that its cutting and lasting 
qualities are quite remarkable. An analysis of this abrasive 
shows that it contains 95 per cent. of pure corundum. The 
company is now placing on the market wheels made from this 
Canadian corundum obtained from the “Craig” mine, which are 
claimed to be very rapid cutting wheels. Owing to the absence 
of non-cutting properties these wheels will not glaze. Experi- 
ments in grinding tough and hard steel have shown that there 
is an almost entire absence of heat generated either in 
the wheel or in the material being ground. This shows that 
instead of having to crowd the work against the wheel until 
it reaches an extreme heat, the wheels cut so rapidly that the 
work is completed without creating enough friction to cause 
heating. 


* * * 


NEW TRADE LITERATURE. 


Trn EmMprson Evectric Mra. Co., St. Louis, Mo. Advertising ecard 
calling attention to the ‘‘Hmerson’”’ fan motors, and especially to 
desk fans for office use. 

Tun W. C. YounG Mra. Co., Worcester, Mass. Catalogue of lathes, 
punches and shears. The 9, 10, 12, 138 and 14-inch engine lathes are 
shown, and also a set of lathe tools. 

Tum CHALLENGE MACHINE Co., 3223 Turner St., Philadelphia, Pa. 
Booklet calling attention to the “Challenge” emery grinders and illus- 
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THE NEW FOUNDRY OF THE BROWN & SHARPE MFG. CO.—1. 


The original building of the Brown & Sharpe Mfg. Co.’s 
plant at Providence, R. I., was erected in 1872 and was that 
part of the present main building where the office is now 
located. Eight years later, in 1880, a foundry was built di- 
rectly west of the main building, which has since supplied 
castings for the works. This is a one-story structure, 266 
feet long, with large window area and monitor roof and al- 
though 20 years old is much more modern in appearance than 
many buildings erected at the present time. Since this 
foundry building was completed the floor area of the machine 
shops has been increased several times by extensions to the 


struction of storage bins for the foundry sand on a level 
with the foundry floor and on top of these a pig iron area 
with coke pockets on a level with the cupola charging floor. 
In Fig. 6 of the group of views is shown the lower row of 
sand bins with the driveway and storage room on top. At 
the left is seen one end of a bridge leading to the charging 
floor. The upper building is for coke. Inasmuch as both 


structures are built against the side of the hill it was possible 
to arrange driveways leading on to the top of the sand bins 
and also on top of the coke pockets, so that both can be filled 
through manholes located in the roofs of the structures. 


Fig. 1. 


main building and the addition of other buildings. These 
have increased the demand for castings to such an extent 
that it was impossible for the foundry to supply these de- 
mands and it became imperative that another foundry should 
be erected. This has recently been done, and the new foundry 
is now completed, or nearly so, and in running order. 

In planning the new building, provision for future growth 
was made and it is intended eventually to have all the cast- 
ings made in the new foundry. The set of buildings compris- 
ing the foundry are located on a plot of land on the north- 
west corner of the Brown & Sharpe Mfg. Co.’s ground, where 
there is ample room for future extension of the buildings. 
The plot is on the base of a hill or bluff sloping abruptly to 
the north and east, which necessitated considerable excavating. 
It is really a case of a foundry “under a hill,” but instead of 
being a disadvantage, this conformation of the land has proven 
decidedly advantageous, since it has made possible the con- 


Molding Floor of Heavy Foundry—This Foundry is thoroughly Lighted, Heated and Ventilated and the entire Floor Area is served by Traveling Cranes. 


In Fig. 4 is a general plan of the foundry and in Fig. 2 an 
outline drawing representing the building as seen from the 
east, or from the top of the page containing the plan view. 
In the arrangement, taken as a whole, the feature to first 
attract attention is the division of the foundry proper in two 
parts for the light and heavy work, with the cupolas and 
charging floor between. In Fig. 4 the heavy foundry is lo- 
cated at the top of the drawing; next comes the cupola build- 
ing containing, in addition to the cupola, the iron flask shop 
at the right and the core ovens and core room at the left. 
Next is the light foundry and finally the pickle beds and cast- 
ing cleaning room, and the storage room. Above the storage 
room are lavatories and pattern storage rooms, while in the 
cupola building the wood flask shop is located, over the core 
room. All the other buildings are of one story only. In 
Fig. 3 as much of the plan as is drawn with solid lines has 
already been completed; but sufficient land is owned to enable 
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The south slopes of the roofs are covered with copper and 
the valleys with asphalt. The pitch of the roofs and width 


and slope of the valleys are sufficient to insure rapid disposi-- 


tion of the snow and water in the winter time—a feature 
generally lacking with the ordinary saw-tooth type of roof. 
The monitors have windows for ventilation at the sides, 
and a section of one of them is shown in Fig. 3, in which is 
outlined the mechanism for opening and closing the windows. 
This is done from the floor by a chain passing over a 
sprocket wheel which is geared to a shaft carrying a worm 
at each end meshing with wormwheels on shafts running 
lengthwise of the roof. Levers at intervals on this shaft con- 
nect with the windows. This insures complete ventilation, so 
much to be desired in a foundry, whether in the winter or sum- 
mer. The sash on the south side of the monitor are covered 
with galvanized iron to keep out the direct rays of the sun. 


The efficiency of the lighting arrangements is manifest in 
Fig. 1, which is a view in the heavy foundry. This shows the 
building to be literally a glass house with a north light 
coming through the roof, and side light through the walls. 
Unlike most foundries this one has a cement concrete floor, 
adding to its cleanliness. A pit at the further end is used 
for molding the heaviest castings. This view also shows the 
crane arrangement, a Sellers electric crane being used for 
the high section and hand cranes with electric hoists for the 
low section. The foundry is equipped with stands containing 
shelves and lockers, one of which is seen at the left, for the 
reception of the molders’ tools. 

In the light foundry and other sections of the plant sub- 
stantially the same crane arrangement is used as in the low 
section of the heavy foundry, viz., hand traveling cranes with 
electric hoists. By supplying each bay with one crane of this 
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Fig. 5. Delivery Room. 


July, 1903. 


Fig. 6. 


Fig. 7. View in Wash Room showing Lockers and Bath Rooms in rear. 


Fig. 9. Ten-H P. Induction Motor Geared to Triplex Pump, with Pressure 
Delivery Tanks for Operating Large Plunger Elevator. 


description work can be handled very efficiently without de- 
lays incident to waiting for a crane or helpers, and at the 
same time the whole floor area is served efficiently. 

The hot blast system of heating is used, as far as practicable, 
and direct radiation for such rooms as cannot be reached by 
the indirect system. The conspicuous thing about the heat- 
ing system is the absénce of the usual sheet metal pipes lead- 
ing to all parts of the works. For the heavy foundry the 
coils and fans are located in the cupola building and the hot 


Fig. 8. Interior of Flask Shop showing Motor-driven Machines and large Elevator. 


Fig.10. Thirty-H. P. Induction Motor, Geared to No. 6 Roots Blower for Cupola Blast. 


air is discharged into the foundry through a single duct enter- 
ing at one side, having five openings arranged in a semi- 
circle so as to point to the different sections of the room, and 
diffuse the air through the room without creating drafts. For 
the light foundry, pickle room and office there is a second 
heating plant located so as to easily deliver air through the 
ducts leading to the different departments. 

Cement concrete is used throughout for the arches of the 
sand vaults and the walls of the coke bin, the concrete being 


July, 1903. 


mixed in proportion of 1 of cement, 3 of sand and 6 of broken 
stone. It is necessary to have the roofs of these two struct- 
ures strong enough to sustain heavy loads, to withstand the 
wear of trucking and at the same 
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starting effort is obtained and with this equipment the alter- 
nating current appears to give entire satisfaction. 
In Fig. 10 is shown a Roots blower which supplies the blast 


time to be waterproof. The 
roof of the coke pocket is sup- 
ported by I-beams and consists 
of 2%-inch plank on furrings. 


Over these are three or four 


courses of felting paper, laid in 
roofing pitch and covered finally 


with chestnut planks spaced 4 


inch apart and the joint poured 
with pitch. The arches of the 


~ “Covers for Pickle Tank 


sand vaults are covered on top 
with wooden paving blocks. The 
iron fence built around the edge 
of the pig-iron area, on top of 


the sand vaults, is one of the a A 


numerous features about this 


foundry plant worthy of men- 
tion. The fence posts are of 
cast-iron and what corresponds 
to the lower rail of the fence is 
of heavy channel iron placed in 
a horizontal position and calcu- 
lated to resist the attacks of un- 
ruly truck wheels. The upper 
rails of the fence are of wrought 
iron pipe. The electrical equipment of the buildings is complete 
and somewhat unusual forafoundry. The cranes are equipped 
with Westinghouse 500-volt direct-current series motors. For 
woodworking machines in the carpenter shop, the rattlers and 
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Fig. 12. Section through Pickle Bed. 


the cupola blower, the General Electric Co.’s three-phase induc- 
tion motors with 220-voit alternating current are used. 
These motors start easily under load. Their armatures are 
provided with a short circuit switch placed in such a position 
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Fig. 11. Plan and Section of Pickle Bed. 


for the single cupola that is at present erected—one of the 
Colleau pattern, made by Byram & Co., Detroit, Mich. This 
blower operates at 140 revolutions per minute and is geared 
directly to a 30 horse power induction motor. In order to 
secure quiet running outboard bearings were provided, both 
for the motor and the blower shafts. This gives a rigid sup- 
port for the high-speed gearing and secondly, insures quiet 
running, with little liability to shut-downs. 

A hydraulic elevator runs from the basement to the car- 
penter shop and the electrical equipment, pumps, tank, etc., 
for its operation are shown in Fig. 9. The elevator is made 
long enough to take boards of usual lengths in a horizontal 
position, instead of having to stand them on end. It is shown 
at the right in Fig. 8. The elevator pumping plant has a 
triplex Goulds pump, driven by a 10 horse power induction 
motor, which is started and stopped automatically on the 
variation of the tank pressure by means of a Mason regulator 
operating an oil switch of General Electric design. The upper 
or cylindrical tank, Fig. 9, is the pressure tank communicating 
with the elevator cylinder, and the lower or rectangular tank 


Fig. 18. Casting-cleaning and Pickle Room, showing Pickle Beds. 


that at starting all the resistance is included in the armature 
circuit. As the motor increases in speed the resistance may 
be gradually cut out by the movement of a handle at the 
end of the armature shaft. By this arrangement a large 


is for the discharge from the elevator cylinder and from 
which water is pumped to the pressure tank. The operation 
of the whole apparatus is entirely automatic, maintaining a 
constant pressure in the tank. 
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The pickle beds located in the pickling and casting cleaning 
building are of substantially the same design used by the 
Brown & Sharpe Mfg. Co. in their former foundry and are 
shown in detail in the illustrations, Figs. 11 and 13. Hach 
bed is made in two sections, sloping toward the center, and is 
arranged to drain either into the acid tank or into the sewer, 
as desired. In Fig. 11, AA are two sections of the bed. The 
lower part of Fig. 11 is a sectional view taken on the line X X. 
B B are two tilting troughs that, when tipped one way, allow 
the liquid that has been poured over the castings to drain 
into the channels D D and, when tipped the other way, to drain 
into the channels CC. These latter channels drain into the 
settling chamber F, which is connected with the sewer. When 
the castings are washed off with a hose the water is allowed 
to drain into the chamber F', which allows the sand to settle 
and prevents it from going into the sewer. When using the 
acid, it drains into the channels DD and thence into the acid 
tanks EE shown in Fig. 12, which is a sectional view taken 
on the line Y Y, Fig. 11. The acid tanks are covered with 
wooden covers and by removing one of these the acid can 
easily be dipped up and poured over the castings. The man- 
hole M gives access to the settling chamber, for cleaning. In 
Fig. 13 the swinging brackets by which the hose connection 
is had with the water pipe above the pickling beds, are clearly 
shown. Attention should also be called again to the excellent 
light, the walls of this room being almost entirely of glass. 

The delivery and storage building, indicated in the diagram, 
Fig. 2, is at present only two stories high, but plans have been 
made for four additional stories to be erected later. Part of 
the second fioor is used for lockers, wash rooms and bath 
rooms for the employees. The lockers are of expanded metal 
and steam pipes pass underneath the lockers not only to warm 
the room but to dry damp clothing in rainy weather. The 
work of the foundryman is so dirty that facilities for chang- 
ing clothes and for bathing should be adjuncts of a modern 
plant, and these points have been carefully studied in this in- 
stance. In Fig. 7 is a view of the lockers, with two of the 
bath rooms shown in the background. It will be noticed that 
there is a bench between the two rows of lockers—a very 
simple affair but a great convenience to the employees when 
changing their clothing. The walls of the bath rooms are of 
sheet metal and in the corner of each bath room is a sheet 
metal locker in which clothing may be hung without danger 
of wetting it while bathing. A shower bath is not provided, 
but hot and cold water are supplied and there is a small 
bench or seat in each bath room on which a tub is placed 
holding two or three pails of water. The bench is made with 
a lid and after bathing the tub can be removed and the lid 
raised, providing a dry seat for the bather to use when dress- 
ing. This is a small detail but one of considerable importance 
to the man, if he wishes to emerge with dry clothes. 

The floor of the main room and of all the bath rooms is of 
cement, but each bath room has a wooden grating making a 
comparatively dry floor on which to stand at all times. 

A study of advertising schemes and devices, especially those 
to be seen in a great city, is interesting and instructive. Great 
sums are often spent in placing pictorial ‘ads’ on the dead 
walls that will be exposed to public view only a few weeks at 
most before a new building on the adjacent lot will cover it. 
This seems like an extravagance, but it must be remembered 
that thousands see a display in such a position every day, 
whereas the same might be shown in a less thickly populated 
section for years before as many would be impressed by it, 
and that is, of course, what counts. Again novel locations are 
chosen that are effective because of the elevated position of so 
many of the dwellers in a great city. Ordinarily no one wouid 
think of painting a business sign on the top of a moving van 
to advertise the business of the owner, but in the city such a 
sign is fully as advantageously placed as those on the side of 
the vehicle. 

* * * 

Another aluminum solder recently made public by the issue 
of patent privilege, is composed of aluminum, 5 parts; anti- 
mony, 5 parts; and zinc, 90 parts. The aluminum is first 
melted and then the zinc is added after which the antimony. 
The alloy is thoroughly puddled with sal-ammoniac until 
the surface is clear and white. It is then poured into bar 
moulds, making it ready for use. 
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TOOLS AND METHODS FOR ACCURATE 
THREAD CUTTING. 
JOS. M. STABEL. 

Thread cutting, as a general thing, forms but a small part 
of a machinist’s daily labor and as the average class of such 
work is accomplished in a very satisfactory manner, it may 
seem that little need be said regarding improvements upon 
present methods. If, however, one should stray away from 
the regular line of work and undertake making thread plugs, 
rings, taps, etc., he would find that there is a vast field open 
for improvement and he would no doubt appreciate a few sug- 
gestions from one who has had considerable experience in this 
class of work. Accurate thread cutting seems to be one ot 
the trade secrets which is not easily mastered or often found 
described in books. When a man has established his method 
of accomplishing this work he generally holds on to it tight 
as he can, and he can hardly be blamed for so doing, since it 
requires a great deal of time and patience to secure satisfac- 
tory results. At the same time this man is wishing he knew 
the method employed in other shops and often fails to see the 
reason it is not made public. 


FIG. 1. TABLE OF ANGLES USED WHEN MAKING THREAD CHASERS. 
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NOTE.—AIl hobs to be 1x inch 1n diameter right-hand thread. Clearance 
on chasers, 15 degrees. 


The writer has seen and done considerable of this work, and 
although the methods may not be wholly new they may be of 
interest to many of the readers of MacuiNnery. While the 
method of making thread chasers was employed by Pratt & 
Whitney several years ago, the writer has never seen it de- 
scribed, and the tables shown in Fig. 1 and the style of hob 
and fixture for grinding same are original with him. That 
old saying “Patience is a virtue,” is well recognized when 
doing this class of work. What can be more exasperating than 
to have a thread tool tear when on the finish cut, or, having 
made a nice plug and ring gage, to have the ring contract and 
the plug expand in length when they are hardened? ‘There 
are any amount of such difficulties in the path of the thread 
gage and tap maker. That one little item, of the thread tool 
tearing the threads is greatly, if not wholly, overcome by 
adopting a chaser in place of a-reguiar V thread tool, as the 
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chaser has three to five threads which tend to keep it from 
tearing into the work. The chaser is also far superior for 
cutting U. S. standard threads, as the flat top and bottom are 
sure to be perfect and can always be held to a standard with 
the aid of a master hob. 

To make a chaser accurately is no small job, although quite 
simple when properly understood. The first thing is to make 
the hob, which is shown in Fig. 2. This requires great care 
as upon it depend all the threads of that certain pitch. The 


Fig. 2 


Figno 


Industrial Press, N.Y, 
The Hob and Chasers. 


hobs are all made one inch in diameter, this size having been 
adopted so that the set of tables in Fig. 1 could be formu- 
lated. To accurately cut the hob the tool shown in Fig. 3 
is utilized. This consists of a small circular thread chaser 
held in the body of the-tool, the forward part of which is 
made separate from the shank so that it can be swiveled to 
suit the angle of the thread on the hob. A small piece of 
steel, a, serves as a gage for the cutting face of the circular 
chaser, so that it can be sharpened and re-set in the holder 
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Fig. 6. Milling Machine arranged for Hobbing Chaser. 


without disturbing the body of the tool. The nut b, on the 
end of the holder, serves to hold the forward part of the tool 
securely. After the hob is threaded it is milled out (as shown 
in Fig. 2) to its center line and then hardened. The object 
in milling it in this fashion is that it can be easily sharpened 
by grinding across the face, and this face is also utilized when 
setting the hob to its proper angle in the milling machine. 

The sharpening of the hob is accomplished with the special 
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fixture shown in Fig. 4, which is simple in design and is made 
for use on a surface grinder where it is located so that its 
centers are at right angles with the emery wheel. The most 
essential point in grinding a hob of this description is to 
always grind the cutting face radially, in other words, the 
lower edge of the emery wheel must be in line with the center 
of the hob. To accomplish this is employed the little device 
in the shape of a lever, marked a, which has its fulcrum on 
the block d while its other end extends to the forward block 
upon which are graduated a few lines, about .05 inch apart, 


lll 
i 


Industrial Press, N.¥. 


Fig. 4. Fixture for Grimding Hob. 


each division equaling a movement of .001 inch at the ball b. 
To set the emery wheel, the rear center c is removed from 
the block d and the emery wheel, at rest, is brought down onto 
the ball b. The table of the grinder is run to and fro by hand 
so that the wheel will pass over the ball thus forcing down the 
lever until it registers at zero, which denotes that the lower 
edge of the wheel is in alignment with the centers of the 
fixture. The center c is then put back in position and the 
hob, held by a dog, is placed between the centers and with 
the aid of the handle e is fed around, after each cut across the 
face, until it is sharpened. At no time during grinding is the 
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Fig. '7. Hob and Chaser in Position for Hobbing. 


perpendicular adjustment of the wheel altered. The ball b 
is a running fit in the lever a@ and on a small pin through its 
center. 

The hob being completed, the next step is to make, by 
use of the hob, the chaser shown in Fig. 5. This is made of 
tool steel, hand forged, and planed on all sides. It has a cut- 
ting clearance of 15 degrees and is placed against an angle 
iron which, in turn, is held on a milling machine table. The 
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hob is held between the centers of the machine spindle and 
the overhanging arm, as shown in Fig. 6, and when the cut- 
ting edge of the hob is accurately located the spindle is locked 
in position by means of a wooden wedge which is tapped in 
between the cone and the frame of the machine. The cutting 
face of the hob and the body of the chaser stand in a straight 
line and at an angle of 15 degrees with the table of the 
machine, as shown in Fig. 7. The most essential point in Set- 
ting up the machine for this job is to get the angle iron 
located on the table of the machine at the proper angle for 
the threads to be shaped on the chaser; as a chaser made to 
use on a 14-inch tap will not work properly on a 2-inch tap 
of the same pitch because the angle of the thread is greater 
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Fig. 8. Fixture for Hobbing the Pratt & Whitney Chaser. 


on the former than on the latter. The milling machine table 
has also to be swiveled around to the proper angle of the 
thread on the hob, as the longitudinal movement of the table 
must correspond to the thread angle. For this purpose we 
make use of the table shown in Fig. 1. The plan view used 
at the head of this table will serve to illustrate the use of 
same. This is a plan of the milling machine table, showing it 
swiveled around, and also the angle iron set in the ,proper 
position. As will be seen, the table sets at an angle A, which 
is given in degrees and minutes in the right-hand column of 
the table, while the angle iron is placed on the table of the 
machine, making with the edge of the table the angle B. This 
is the proper angle for the threads on the chaser. Should it 
be desired to make a left hand thread chaser the angle iron 
would be placed at the same angle called for by the table but 
in the opposite direction. 

As an example, we will suppose that it is desired to make a 
chaser that is to be used in making taps % inch in diameter 
having 26 threads per inch. We first look in the ‘threads 
per inch” column until we come to 26, then by following along 
the line we come to the last column, which gives us the angle 
a~s 
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Fig. 9. Chasers for Internal Threads. 


at which the milling machine table is to be set, or the angle 
A, which equals 0 degrees and 42 minutes. On the lower edge 
of the tables are the diameters on which the chasers are to 
be used and as in this case we have 1% inch, we follow up that 
column to the 26 pitch line, where we obtain the angle at 
which the angle iron is to be located on the table of the ma- 
chine, or angle B, which in this case is 1 degree and 24 min- 
utes. The machine being properly set, it is a small matter to 
shape the thread by moving the table to and fro and gradually 
feeding it upward until a perfect thread is obtained on the 
chaser. It is advisable to keep the hob well lubricated when 
cutting to insure a smooth thread on the chaser. A very good 
lubricant for this purpose is a mixture of one-half turpentine 
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with one-half good lard oil. This will also be found an excel- 
lent lubricant for general thread cutting in the lathe. 

Another style of chaser which has proved itself very useful 
may be worthy of notice. This is what is known as the 
Pratt & Whitney chaser, which is shown in Fig. 8. It is made 
separate from the body of the tool holder, in the angle iron 
shown in the same figure. For inside thread cutting the two 
tools shown in Fig. 9 can be used very handily. The one 
marked a is for large inside diameters and is composed of a 
tube through which runs a rod, threaded on each of its ends. 
Upon the front end is screwed a circular chaser which is 
held firmly against the tube by a nut on the other end of the 
rod. This makes a very handy device when chasers have to 
be changed, for by loosening the nut on the end, the chaser 
can be easily removed with the fingers. The solid chaser, 
b, shown in same figure, is for use on holes of small diameter 
the threaded part being milled half off. When sharpening this 
chaser care must be taken to always grind the face radially 
in order to insure accurate results. 

* * * 


THE BURSTING OF EMERY WHEELS*. 


Several years ago the writer was consulted regarding some 
points of a case in litigation occasioned by the bursting of an 
emery wheel and the resulting death of a workman. The 
question to be decided was whether the wheel was unsafe at 
the speed recommended by the makers, or whether the acci- 
dent was ‘due to the carelessness of the operator. 

As it was just then an “off” year for experiments on fly- 
wheels there seemed to be no good reason why the same 
medicine could not be tried on emery wheels. The apparatus 
already described in former papers read before this Society, 
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with some slight alterations, was adapted to the new require- 
ments, and in the spring of 1902, fifteen wheels of various 
makes were tested to destruction. 

For the actual details of the work credit is due to Messrs. 
Chandler and Krueger of the class of 1902, Case School of 
Applied Science. Most manufacturers of this class of wheels 
test them for their own information, but the results are not 
generally given to the public; the writer knows of no pub- 
lished data on this subject. At the Norton Emery Wheel 
Works, all wheels are tested before leaving the shop at a 
speed double that allowed in regular service, and occasionally 
wheels are burst to determine the actual factor of safety. 


* Paper read before Saratoga Convention of A. S. M. E., by Prof. C. H. 
Benjamin. 
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Emery-wheel accidents are not uncommon, but can usually 
be traced to the carelessness of the operator. One common 
cause of failure is allowing a small piece of work to slip 
or roll between the wheel and the rest. The writer was once 
present on an occasion of this kind, and although he for- 
tunately was not in the plane of rotation, he has never for- 
gotten his sensations. 

The wheels selected for the experiments were all of the 
same size, being sixteen inches in diameter by one inch thick, 
and having a hole one and one-quarter inches in diameter. 

The object of the experiment being to determine the burst- 
ing speed of such wheels as are actually on the market, emery 
wheels were obtained through various outside parties with- 
out indicating to the agents or manufacturers the use to be 
made of them. 

In this way wheels of six difterent makes were obtained, 
the label on each wheel showing usually the maker’s name, 
the grade number or letter, the quality of emery, and the 
speed recommended for use. As shown in the table of results, 
the working speed varied in the different wheels from 1,150 to 
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Nos. 4, 5, 8, and 9 were all made by one firm; the two 
latter wheels were of finer grain than the others, and show 
a correspondingly greater strength. (Fig. 3). 

Nos. 6 and 7 contained a layer of brass wire netting im- 
bedded in the emery, and were about one-third stronger than 
the average of the ordinary wheels. (Fig. 2.) 

The wheels numbered 10 and 11 were the weakest among 
those tested, but have an apparent factor of safety of be- 
tween five and six. (Fig. 4.) 

Nos. 12 and 13, of still another make, burst at about the 
average speed. (Fig. 5.) Wheels Nos. 14 and 15 were so- 
called vulcanized wheels, containing rubber in the bond, and 
intended for particularly severe service. These showed, as 
was expected, rather more than the average strength. 
(CEHig36;) 

An examination of the last two columns in the table 
shows that the wheels burst at speeds varying from two 
and one-quarter to three and three-quarters the working 
speed, and accordingly had factors of safety, varying from 
five to thirteen. 


Results of Experiments on Emery Wheels. 


1,400 revolutions per minute, the average being about 1,200 
revolutions per minute. For a diameter of sixteen inches this 
corresponds to a peripheral. velocity of about 5,000 feet per 
minute. The table also shows that the fineness of the emery 
varied from ten to sixty, the average being about thirty. 

The wheels were held between two collars, each six and 
one-eighth inches in diameter and concaved, so as to bear only 
on a ring three-fourths of an inch wide at the outer cir- 
cumference. 

The method of testing, and the apparatus used were pre- 
cisely similar to those described in the paper on “The Burst- 
ing of Small Cast-iron Flywheels,” by the author at a previous 
meeting, to which reference is made for illustrations of the 
apparatus. 

The table shows the results of the experiments in detail, 
and needs but little explanation. The illustrations, Figs. 1 
to 6 show characteristic fractures, and the appearance of 
various wheels after bursting. 

Wheels numbered 1, 2, and 3, were of one make, and show 
a remarkable uniformity in strcngth. (Fig. 1.) 


It is then apparent that any of these wheels were safe 
at the speed recommended, and would not have burst under 
ordinary conditions. At the same time, considering the vio- 
lent nature of the service and the shocks to which they are 
exposed, it would seem that the factor of safety for emery 
wheels should be large. In comparison with those generally 
used in machines, a factor of eight or ten would seem small 
enough. 

It may also be said that such a variation in strength be- 
tween wheels of the same make and grade, as for instance, 
that between Nos. 4 and 5, indicates a lack of uniformity 
which causes distrust. 

The fractures were in the main radial, as may be seen 
from the cuts, the wheel splitting in three, four or five sectors 
as might chance. 

It may be assumed that these radial cracks started from 
the rim where the velocity and stress were greatest, but it is 
a fact worthy of notice that in nearly every instance the 
cracks radiated from points where the lead bushing pro- 
jected into the body of the wheel. 
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ENGINE AND BOILER TESTING. 
W. H. BOOTH. 

There are two or three different sorts of tests usually made 
on steam plants. First, there is the elaborate test with a score 
of observers and a high priest who sits in an arm Chair and 
blows a whistle every ten or fifteen minutes as a signal to 
read instruments. I have observed that these tests usually 
give results out of all reason; too good to be believed. Then 
there is the test of the charlatan, whose results are of over 
100 per cent. efficiency. Finally, there is the test made by 
ordinary engineers, who neither look for nor expect to obtain 
extraordinary efficiencies, and who have to hold the balance 
between buyer and seller without too hard-and-fast ruling on 
either side, but with fairness to both. Usually such tests 
cannot be made under the specified conditions, and allowances 
must be made both ways to allow for differences. In making 
such allowances, both sides must feel a confidence in the abil- 
ity and good faith of the testing engineer, who must not be 
finical in his adherence to minutie, but must be able to 
form fair judgments in case of variation from specified con- 
ditions. It is open to question whether there be not at times 
too great elaboration in making tests, especially when it is a 
case of teaching students at a technical school where ideas of 
testing may be so biased as to be injurious to him in his 
future career. 

It is advantageous for the students of a technical college 
to have the now usual experimental engine fitted with all man- 
ner of appliances upon and with which to make tests. But the 
elaborating of appliances does not always tend to make the 
student resourceful. I have observed in engineers brought up 
in shops of the highest class. a lack of ability to devise means 
of getting over difficulties when dropped down in some back- 
woods kind of place away from appliances. Accustomed to the 
facilities of a big shop, there would be felt the absence of the 
overhead traveler, and the job of getting a boiler or heavy 
piece of machinery over a ploughed field or across to its place 
on a difficult foundation would be more easily carried out 
by the apprentice from the little shop. Similarly, high-class 
experimental engine testing cannot be carried into practice, 
and this is where the mischief of the experimental work comes 
in.. In far too many cases the principal use of the experi- 
mental engine is the advertising of the professor. With an 
expensive tool purchased at public expense and an unlimited 
set of instruments, and a staff of students eager to take 
readings, very elaborate and full data can be obtained and 
these are published and serve to advertise the professor, who 
in this way gradually works himself up into a good practice 
as consulting engineer. Meanwhile, being conducted on an 
engine by no means of ordinary build or arrangement the 
figures and conclusions are apt to be of very small value. 
Further, they are apt to mislead students and it is probable 
that a cheap engine of less elaboration would tell more in 
the long run. It would be better that the subject of engine 
testing should be taught somewhat differently. The engine 
might be a plain one of commercial type and entirely free of 
appliances for testing. Then let the students begin from the 
beginning and devise the means of driving the indicator. Let 
them apply two indicators, or rather three—it will be good 
practice for them to test them for equality—one upon a pipe 
common to both ends of the cylinder and the other two on short 
connections. This will show them the effect of the pipe con- 
nections. On similar lines they should be taken all through, 
using such apparatus as can be roughed out. A great art 
in testing is to obtain good results from poor appliances, and 
when tests are to be made it is with poor appliances one has 
usually to work. Water supply for example is oftener drawn 
from a tank of large area and demands care in depth measure- 
ments. Weighing is better, but cannot be done. In order to 
keep as unbiased a mind as possible it is a good plan to leave 
out the tank area measurement until the depth of water used 
up has been ascertained. This tank measurement should, of 
course, be made with a rod and upward point. It is easier 
to see when a point breaks the surface of water when coming 
up from beneath such surface than when pointing down from 
above, as in the latter case capillarity interferes with accu- 
racy. 
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In what may be termed ordinary testing the engine will 
be doing its regular work. It will not be grinding upon a 
brake and careful indicating will be necessary. There can 
be no comparison attempted between indicated and brake 
horse power. It will sometimes happen that engine testing 
will be found exceedingly painful and disagreeable. There is 
an inventor to be dealt with, and the testing engineer will 
have in his hands the making or marring of the man’s for- 
tune. It has been known that tests have been called for by 
promoters with the sole object of publishing the results, and 
all kinds of subterfuges have been resorted to in order to 
influence the results. In cases of this kind it is necessary 
to keep a very careful eye on the coal weighing, and even the 
coal pile, and such a test cannot be conducted without a suffi- 
cient number of assistants. But where a test is merely made 
for the satisfaction of the man who owns an engine and foots. 
the coal bills and the intention of everyone is honest, an 
engineer by himself may, by working hard, obtain results. 
of sufficient accuracy entirely unaided except by the ordinary 
staff. The fireman will himself weigh out the coal, and though 
he would probably make an error in counting the weighings. 
he is not likely to make an error if with each barrow of 
coal he brings a tally in the shape of a marble or a chip 
of wood and deposits it in a basket in the boiler house. Such 
a test involves as its chief labor a large number of indicator 
diagrams, but I have known tests so carried out on a compound 
engine by means of one instrument only, the spring being 
changed every time the instrument was moved from cylinder 
to cylinder. No system of indicator test can be of any great 
value where loads are uneven, but they may be relied upon 
for such uniform and steady loads as occur in textile mills. 
or flouring mills, where a full average load is carried all the 
time and any variation will be due to a gradual change ot 
load, such as might arise from alteration in the efficiency of 
lubrication from a change of temperature. In a textile mill it 
is usual for the Monday morning load to be the maximum for 
the week. Machinery is cold, oil stiffened and lubrication de- 
ficient and these causes bring up the turning power for a time. 
The effect of different lubrication is very marked. Before 
mineral oils were so common the usual lubricant in an English 
cotton mill was sperm oil, which cost, if I remember rightly, 
about $2 per gallon. Sperm oil was undoubtedly good. It did 
not gum, and it flowed freely, and worked well with the light 
spinning spindles, but the growing scarcity of the cachelot. 
whale rendered its oil liable to be adulterated and it was 
very costly. Mineral oil at half a dollar per gallon (10 lbs.) 
is now spoken of as expensive. A mill owner who had used 
nothing but sperm oil informed me that he had been making 
experiments with other oils, and on a total horse power of 
about 300 he had detected a difference of 20 horse power by 
an admixture with the sperm oil of half mineral at about half 
price. Mineral oil was then dearer than it is now. Any other 
mixture than half and half gave less good results. Thus by 
reducing the net cost of oil by one fourth he would save a. 
considerable weight of coal, probably with his poor engine, 100: 
pounds per hour. Since high-speed engines for electrical 
working have become so common we have become accustomed 
to read very elaborate papers on steam economy and the pro- 
fessional element has been having a fine fling with elaborate 
tests. Now I have seen some of these high-speed engines run 
and I have been compelled to observe the exceedingly busy 
manner of the oil can and it has occurred to me that the time 
has arrived for some kind of tests to be made upon the oil con- 
sumption of modern steam engines. Oil costs about $100 per 
ton, one may say, or from 380 to 80 times as much as coal. 
In saving a ton of coal we must be careful it does not involve 
us in too many decimals of a ton of extra oil. With all the 
elaborate testing of the past few years and the loud talk about 
improvements and experiments, there is a continual tendency 
in practical construction to degenerate in respect of such 
details of construction as experience has shown to be necessary 
to durability and comfort. Now it costs no more properly to 
set a boiler to the plans which have been evolved by years of 
experience in the faults of older methods, and have been 
gathered together by quite an army of inspectors. Yet if 
a boiler be set without the supervision of experts it will assur- 
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edly be set on lines which are more or less retrograde and when 
this boiler comes to be worked it will not be so fully open to 
inspection as it ought to be. In England the standard boiler is 
the Lancashire type. As regards its brick setting this boiler 
is a cylinder 28 to 32 feet long, and 7 to 9 feet diameter. Its 
approved method of setting is such that though there are three 
longitudinal brick work external flues, involving four lines of 
contact of brickwork, every portion of the shell is visible to an 
inspector, and this result is secured simply by the use of 
properly formed firebrick seating blocks, which, while allow- 
ing of thorough inspection do not admit any serious leakage of 
gases between flue and flue. In old times the supporting walls 
of a boiler sometimes had a contact width of a couple of feet 
and any amount of corrosion due to possible leakage or damp 
foundations would take place out of sight until finally the 
boiler exploded unless it was so iucky as to spring a serious 
leak before being so much eaten away as to explode. Testing 
is all very well when carried out in a sensible manner, 
but it can only show shortcomings, and proper attention would 
often prevent the necessity of test. Our aim should be to 
construct upon the best lines. Attendants would then have 
no excuse for falling short in their upkeep. I have known a 
careful engineer with old engines and 60 pound boilers obtain 
his power for 214 pounds of coal per I. H. P. hour and he did 
this entirely by careful attention and upkeep, and out of the 
above fuel he warmed the mill and boiled some water for trade 
purposes. This man paid very particular attention to all 
vacuum joints and secured every possible ounce of vacuum 
that it was possible to get. He painted all pipes which inclosed 
a vacuum to close their pores, and he was careful with glands 
and packings, and with his firemen. Greater economy is 
possible with higher pressures and best conditions, but it is 
not so easy to maintain engines in order at high pressures, 
and without special care a modern engine may easily fall be- 
low the economy of a low pressure plant, thoroughly cared for. 
No man in charge of an old plant should allow this fact to 
excuse him of carefulness. “If only I had a new plant,” he will 
complain, “I could do so much better.” Now an old plant, if 
sound, is really more comfortable to attend and may be gotten 
up by care to a very high efficiency and kept there, too, with 
far less trouble and anxiety than can a modern high pressure 
plant, and it is likely to cost very much less in oil and inci- 


dentals. 
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THE UNIVERSAL TECHNICAL DICTIONARY OF THE 
SOCIETY OF GERMAN ENGINEERS. 

In the beginning of 1901 the Society of German Engineers 
(Verein Deutscher Ingenieure) began the compilation of a 
universal technical dictionary in the three languages English, 
German, and French. This undertaking has met with general 
approval and has received assistance from all quarters at 
home and abroad. Societies and individuals have responded 
generously to the invitation to collaborate and have proved 
their interest by the transmission of collections of technical 
words made by them or by promising such in the near future. 
There are now 341 societies (42 in English, 272 in German, 
and 27 in French speaking countries) co-operating in the 
work, and through these societies the Technolexicon has found 
helpers in Great Britain, Germany, France, the United States, 
and other countries. 

Of the American societies may be mentioned the American 
Society of Civil Engineers, New York; the American Society 
of Mechanical Engineers, New York; American Railway En- 
gineering and Maintenance-of-Way Association, Chicago; the 
American Chemical Society, Brooklyn; the Western Society 
of Engineers, Chicago, etc. Assistance has so far been prom- 
ised by 2,185 industrial establishments and individual col- 
laborators, many of which are in America. 

For convenience’s sake the Society of German Engineers 
has provided handy note-books (each with 3 indices A—Z) for 
the collaborators to write their collections therein. These books 
will be called in by the editor-in-chief in the course of 1904. 
So far 207 filled-out note-books have been forwarded volun- 
tarily to the office at the address given herewith. 

As the contributions will not be called in before 1904, 
all who wish to help in the compilation of the Technolexicon 
have still time and opportunity to assist in the preparation 
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of their specialties. Contributions from all technical branches 
are welcome and it is obvious that small contributions from 
a host of various collaborators will be more useful than large 
ones compiled by a few men, who naturally cannot cover so 
many specialties. Attention is to be drawn to the fact that 
contributions in only one language are also most acceptable, 
though of course those in two or three languages are the most 
valuable. Delayed contributions, if they arrive before the 
end of 1906, when the printing will begin, can still be used. 

The editor-in-chief will be pleased to give any information 
wanted. Address: Technolexicon, Dr. Hubert Jansen, Ber- 
lin (NW.7), Dorotheenstr. 49. 


* * * 


SCHOOL TRAINING AND PRACTICAL EXPERIENCE. 

A paper was read by P. M. Lincoln upon “The Training of 
the High Tension Engineer’’ before a recent convention of 
the Canadian Electrical Association, which contained some 
very good comparisons of the parts played by college and by 
practical experience in the making of a man versed in high- 
tension electrical work. He said: 

The college instructs in those methods of doing things which 
have become standard by universal adoption. The college 
teaches positive knowledge. In the school of experience on the 
other hand, one is more apt to learn how not to do it, and by 
the elimination of the unsuccessful, arrive at the goal of 
success. The knowledge gained by experience is more often 
negative. 

Put to the fresh college graduate the problem of the amount 
of distance to be left between the conductors of a high ten- 
sion transmission line. His answer will involve most likely 
the jumping distance of the voltage to be used, the length of 
span, the sag and perhaps a liberal factor of safety. It is 
experience only that will show that his premises are wrong 
and that the equation to determine spacing of high tension 
wires depends very little on the voltages to be carried and 
almost entirely on such things as the average length and 
ohmic resistance of cats, the spread of wing of owls and cranes 
and eagles, and the average length of scrap baling wire, to: 
gether with the strength of the average small boy’s throwing 
arm. 

The experiences of to-day are incorporated into the text 
books of to-morrow. But, although the result of experience 
may be taught to the college student—allowing always for a 
considerable angle of lag—the college curriculum can never 
become the substitute for the school of experience. 

But it is furthest from my thoughts to cast any slur upon 
the technical graduate. I look back upon my own course in 
electrical engineering and feel that it is the most valuable 
asset I ever possessed. The technical course is the best of 
foundations, but it is only a foundation. The end of the col- 
lege course is rightly called “Commencement.” The great 
advantage of the technical education is that it gives the man 
proper equipment for overcoming the difficulties with which 
his experience is bound to bring him into contact. There is 
nothing like the college education to equip a man for making 
every accident a lesson in “how not to do it,” and every 
failure a stepping stone to success. 


* * * 


The growing use to which concrete construction is being 
put in engineering work is a matter of general knowledge, but 
the use of molten slag for making foundations is something 
that is known only in the vicinity of iron and steel plants. 
It would be difficult to find a more solid and enduring material 
for such purposes. James Christie in the discussion follow- 
ing the reading of a paper by Charles Piez, “Handling and 
Storing Iron Ore,” stated that the foundations of the canti- 
lever cranes of the Penn Iron & Coal Co., Canal Dover, Ohio, 
which are near blast furnaces, were made by digging trenches 
extending the whole length of the structure and filling them 
with molten slag. The concrete walls that support the travel- 
ing cantilevers, therefore, rest on immense monoliths of slag. 
A new steel mill was recently built by the United States 
Corporation near Pittsburg, Pa., on what was formerly a 
swamp, but which had been utilized as a slag dumping ground. 
The soft yielding surface was thereby transformed into an 
adamantine solid on which the heaviest machinery could be 
set with surety as to the permanence of foundations. 
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THE EVOLUTION OF THE CHANGE GEAR.—2. 


OSCAR E. PERRIGO. 


The Patent No. 525,863, granted September 11, 1894, to Sal- 
mon W. Putnam, of Nashua, N. H., in so far as it related to 
cutting threads was for the purpose of cutting either the Eng- 
lish or the metric standard threads without removing a 
change gear. It is represented in the drawings Fig. 1 show- 
ing a front, Fig. 2, an end elevation, and Fig. 3, the shift- 
ing lever by which the lathe is adjusted for English or metric 
threads or for a belt feed. The device consists of a lead 
screw in two parts, 4 and B, which may be connected by a 
clutch C, the toothed part of which is splined on that por- 
tion of the screw projecting through the head of the lathe 
and the other part formed upon the gear D, fixed on the por- 
tion of the lead screws threaded in the usual manner. Both 
the gears, H and D, engage a double gear H, splined on a 
short feed rod F (not extending to the apron). Fixed on the 
feed rod F, is one portion of a clutch G, formed upon the 
double gear H, having the gear L, formed upon it, the other 
portion being formed upon the bracket J, in which the rod F 
is journaled. The usual feed cone is also fixed upon the 
feed rod. These clutches were operated simultaneously by 
a lever K, which, standing in the position shown, enabled the 
lathe to cut metric threads. With the upper clutch C closed, 
English threads were cut. With the lower clutch G@ closed 
the usual belt feed was obtained, through the lead screw, upon 
which a sliding bevel pinion (not shown), operated the apron 
feed. The device is a compact arrangement for accomplish- 
ing the main object sought, that is, to readily change the lathe 
from English to metric threads and again to belt feed; but 
whether it would be of such frequent use in the average ma- 
chine shop as to make its adoption general is somewhat doubt- 
ful. It should be said that the regular change gears were 
applied in the usual way, the device being adapted particu- 
larly for the different systems of threads. The lead screw 
also operated the feed rod. 

The first attempt at mounting all the change gears upon a 
circular plate which might be rotated to successively bring 
each of the gears into action, is described in Patent No. 
536,615, granted to Edward Flather, of Bridgeport, Conn., 
April 2, 1895. This system requires considerable room at the 
head of the lathe and thirty-three gears of various sizes, with 
proper studs, swing plate, fastenings, ete., to cut only twelve 
different pitches of thread. An arrangement of clutches 


2 [Ms 


MACHINERY. 


July, 1903. 


operator to revolve it to any desired position to bring 
the proper gears into engagement with the driving and trans- 
mitting gears, the series of pairs of gears carried by the 
plate being loose upon their studs and serving as compounding 
gears of varying ratios when brought into action. The 
revolving plate is provided with a series of holes p, located 
at proper intervals and engaging the fixed stud qg, when the 
plate is forced back to its operative position after being 
brought to its proper place. It is prevented from working 
out of place by the spring catch r. The gear k, is splined 


Fig. 2 
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to the lead screw L, and may be withdrawn from engage- 
ment with the gear j, when it is desired to drive the feed rod 
M, which is engaged by closing the clutch m. 

Benjamin F. Burdick obtained on April 28, 1895, Patent 
No. 537,816, in which he introduces a double disk of gears, 
which are brought into action with the driving gear and the 
lead screw respectively by pivoting the gear disks or cases 
eccentrically upon a central shaft. The idea is ingenious 
and effective, probably as much so as is possible with the 
arrangement known as the “disk of gears.” In the drawing, 
Fig. 1 is a face view or what would be, when it is applied 
to a lathe an end elevation. Fig. 2, is a vertical section, 
showing the eccentric location of the disks. The case A, is 
recessed on each side, the centers of each recess being eccen- 
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Edward Flather. 


makes this system of gears also available for driving the feed 
rod. The inventor mentions some modifications of this plan, 
which do not seem important and do not materially reduce its 
large number of gears and other parts. In the drawings, Fig. 
1 is a front elevation and Fig. 2 is an end elevation of the 
invention. From the head spindle A, the power is carried 
through the gears a, and b, to the gear c, which will engage in 
turn with any one of the smaller of the pairs of gears jour- 
naled upon the revolving plate B, while the gear e, is like- 
wise adapted to engage at the same time any one of the 
larger of the pairs of gears journaled on the plate B. This 
provides for the change from one pitch to the other, the 
motion being continued through the gears h, i, j, and k, the 
latter fixed to the lead screw L. The revolving plate B, is 
arranged to slide out upon its spindle C. This enables the 
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tric with the other. Upon the hubs formed in making these 
recesses are journaled two gear-carrying plates 0, D, having 
bevel gear teeth formed upon them, which are engaged by 
the bevel pinions c, d, by which they are rotated to any 
desired positions. Through the center of this case is the 
transmitting shaft H#, having fixed upon it the gears e, f. 
Each of the revolving disks carries, journaled upon fixed studs, 
a series of pairs of gears of unequal diameters, fixed to- 
gether, and capable of being brought into engagement with 
the transmitting gears g, h, on the one side and the transmit- 
ting gear k, on the other, the eccentricity of the centers of 
rotation being exactly sufficient to do this. Each of the gear 
disks is held at any desired point by lever m, engaging 
suitable slots in the edge of the disk. Thus, for instance, the 
motion is conveyed from the lathe by the gears h, and g, 
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through the gears n, 0, f} the shaft H, the gears e, p, q, and 
k, to the shaft 7, and thence to the lead screw. By providing 
two disks of gears the number of changes is multiplied with- 
out the same addition of gears which would be required in 
the device of Edward Flather, last considered. If the disk 
of gears is to be used at all, the method of locating one or 
more of them, as desired, in an eccentric position relatively to 
the engaging gears, so as to conveniently bring either pair 
of gears into action without the use of catches, sliding move- 
ments and similar devices, would seem to be the best method. 

It remained for Carl Johan Paulson, a Swede, of Brooklyn, 
N. Y., to invent an entirely new application of the principle 
of the cone of gears and traveling pinion, or at least an in- 
genious modification of it, which is shown in his Patent No. 
541,385, dated June 18, 1895. In place of having a series of 
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Carl J. Paulson. No. 541,385, June 18, 1895. 


different sized gears side by side, he places them one within 
the other in the form of a series of rings, capable of being 
individually moved out to the position of action, where the 
teeth cut upon the ring are engaged by a pinion journaled on 
a swinging arm in the usual manner. In the drawings, Fig. 
1 shows a face view of his device, and Fig. 2, a vertical sec- 
tion. In a circular case A, provided with a central hub a, 
is arranged a series of rings b, b, b, etc., completely filling the 
annular space. These rings have spur gear teeth cut upon 
them as shown at ¢, c, c, etc. They are prevented from be- 
coming detached by the retaining plate d, which, in turn is 
held in place by the spring e. The screw f, has cut upon it 
right- and left-hand threads, upon which are fitted cams g, g, 
whose office it is to project the required ring as the cams are 
brought opposite to it. by revolving the screw f. The central 
shaft B, is the driving shaft of the device and from either 
ring gear employed the power is transmitted by the gears (, 
and D, journaled on the swinging lever F’, or vice versa, as 
may be desired. Each of the ring gears have lugs h, h, etc., 
formed upon them by which the whole device is revolved. 

On November 2, 1897, Herbert L. Flather, of Nashua, N. H., 
was granted Patent No. 592,966, in which he makes use of the 
cone of gears fixed upon a supplementary shaft located in the 
lathe bed. The secondary shaft is parallel to it and has upon 
it the usual traveler carrying its pinion splined to the shaft, 
and the intermediate, or traveler pinion journaled in it. The 
lever by which the traveler is operated and fixed in position 
is an ingenious device and quite different from Norton’s. The 
cone of gears arrangement is to be operated in connection 
with interchangeable gearing, much the same as the usual 
change gears, so that the older method of taking off and put- 
ting on gears was not whoily eliminated. In the drawing, 
Fig. 1, is an end elevation of the device; Fig. 2, is a trans- 
verse section of the bed, showing the cone of gears; and Fig. 
38 is an inverted plan showing the cone of gears, shifting 
lever and their appendages. The power is transmitted from 
the head spindle through the gears a, b, c, to the gear N, on 
the transverse shaft 0, upon which is journaled the shifting 
lever R, carrying the connecting gear U, journaled on the 
stud 8. Upon the shaft Z is fixed the cone of gears F, F, F, 
ete. (The shafts ZH and O are not connected by the gears G 
and N, as would appear in Fig. 3, one of these shafts being 


MACHINERY. 


573 


considerably lower than the other, as will be seen in Fig. 1.) 
The shifting lever R, is controlled in its movements by the 
guide plate V, and held at any desired point by the pin 2, 
(actuated by the thumb lever Y,) entering the proper hole w, 
in the guide plate V. The power is carried on from the cone 
of gears, through the gears G, H, and J, to the lead screw D, 
and by the gear 7, to the feed rod Z. The gears G, H, and 
I, are adapted to be changed in the usual manner whenever 
desired. 

Patent No. 595,562, granted December 14, 1897, to Ernest 
J. Flather, of Nashua, N. H., is somewhat in the nature of a 
combination of Patents No. 470,591 and No. 519,924, granted 
to Wendel P. Norton, improved in the general arrangement 
and with some good points added. In this case the cone of 
gears, which by this time seems to have become very popu- 
lar with inventors, is placed upon a short shaft in front 
of the bed and arranged to drive either the lead screw or the 
feed rod. In addition to this, the bevel reversing gears of 
Norton’s patent, No. 519,924, are placed on the line of this 
shaft, to the left of the cone of gears, (and not shown in the 
drawing) which would seem to be a preferable position. The 
method of handling the traveling intermediate gear is in- 
genious and practical. In the drawing, Fig. 1, is a front 
elevation; Fig. 2, is a transverse section of the cone of gears 
and appendages; Fig. 3, is a section through the shifting 
lever and its connecting parts, and Fig. 4, is a perspective 
view of the same, showing its eccentric pivoting trunnions. 
The power for driving the lead screw is transmitted from 
the head spindle through the gears a, b, c, d, and e, in the 
usual manner, to the supplementary shaft D, upon which 
the shifting lever frame K, is journaled. Within this case 
is fitted the shifting lever m, carrying the connecting gear h, 
meshing into the shifting pinion k, on the shaft D. The 
shifting lever m, is pivoted upon an eccentric shaft n, by 
which it is brought into position as desired, and is readily 
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dropped out of engaging position when it is desired to shift 
to any other position. Its position in shifting is guided by 
the guide p, properly perforated for the spring. pin s. Upon the 
right-hand end of the shaft g, is a gear, (not shown), mesh- 
ing with the gear qg, on the lead screw #H, and driving it. 
Upon the feed rod F, is splined a gear r, which may be moved 
into engagement with the gear q, and thus power is trans- 
mitted to the feed rod. 

Benjamin A. Wheeler patented, April 26, 1898, (No. 602,- 
924), a lathe in which he placed the cone of gears in the 
apron instead of in or near the head, connecting it with the 
lead screw by a clutch, Which is closed by the lever operating 
the lead screw nut. Two cones of gears, on which the 
changes are made by a sliding key, are placed at the end of 


574 


the bed. The serious objection to the placing of the gears in 
the apron seems to be an undue loading down of the apron 
and carriage, aS well as very much complicating these parts 
without a corresponding increase of efficiency. The inventor’s 
reason for the innovation is the elimination of torsional 
strain in the lead screw, which is much more economically 
attained by enlarging the lead screw to a proper diameter. 
In the drawings, Fig. 1, is a side elevation; Fig. 2, is an 
end elevation; Fig. 3, is a longitudinal section through the 
cone of gears in the apron, and Fig. 4, shows a cross section 
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of the shifting lever. Power is transmitted 
in the usual manner from the head spindle, 
through the gears a, b, c, d and e, to the 
first cone of gears f, all of which engage the 
opposite gear of the cone of gears g, on the 
shaft ”. Hither of the gears of the cone g, 
may be brought into action by a shding key 
operated by the knob i, thus making five 
changes of speed. Upon a sleeve mounted 
on the lead screw H, are the ten gears j, j, j, 
etc., forming the cone of gears. Upon the 
hub of the largest gear is formed a clutch 
member adapted to be engaged by a similar 
clutch member formed upon the sliding 
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ofadisk of gears in which he simplified the device of Flather, 
but hardly equalled the ingenuity or efficiency of that of 
Burdick. In the drawings, Fig. 1 is a face view of the device, 
and Fig. 2 is a vertical section on the center line. A circular 
case A,contains the gearing,andis journaled onamain shaft, B, 
which is fixed to and derives its power from the head spindle 
through gear b. The main shaft has fixed to it driving gear 
C, engaging with the pinion D, fixed to a short spindle d, journ- 
aled in the rotating arm P. Arranged around the gear case A, is 
a series of gears, all engaging each other, as shown by the heavy 
dotted circles in Fig. 1, and provided with clutch members to 
be engaged as required, by the spindle d, of the rotating arm P, 
to transmit motion to the train, and by a similar clutch at H, 
to convey the power at varying speeds to the lead screw. By 
withdrawing the clutch d from engagement the rotating arm P 
may be carried around to a proper position to bring into 
action any gear of the series. While the changes are not 
great in number, they might easily be doubled or multiplied 
by four, by the usual arrangement of intermeshing cones of 
gears, or by sliding gears. 

William L. Shellenback, in Patent No. 667,406, dated Febr- 
uary 5, 1901, revised his device shown in Patent No. 638,359, 
making it a double disk of gears, and mounting them eccen- 
trically after the manner shown by Burdick in 1895. In this 
device he improved quite considerably on his former effort 
in 1899, evidently profiting by the rapidly advancing state 
of the art, and the necessity for making a greater number 
of changes. In the drawing, Fig. 1 is a face view of the 
device; Fig. 2, is a vertical section, and Fig. 3, is an elevation 
of the reversing device. The device is supported upon an 
attaching plate A, which has formed upon it a sleeve, upon 
which the gear case B, is journaled. Through this case passes 


clutch k, upon which are also formed rack 


teeth 7, engaging similar teeth on two bell- 
crank levers m, m, which are operated by 
pins fixed on the two parts of the lead screw 
nut N. The shifting lever P, carrying the 
connecting gear Q, is arranged and operates 
in the usual manner, as Shown in Figs. 1 and 
4. it is not known who the brilliant scholar 
was who wrote this specification, or whether 
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Fig. 2 
William L. Shellenback. No. 638,359, December 5, 1899. 
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he has been relegated to “innocuous desuetude” since the 
seven printed pages with their thirty claims were printed, 
but in several respects this document is a literary marvel, 
in five pages of which the personal pronoun, I, occurs about 
thirty times. : 

On December 5, 1899, William L. Shellenback, of Philadel- 
phia, Penn., obtained Patent No. 638,359, in which he followed 
Edward Flather, 1895, and Burdick, 1895, in the arrangement 
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Benj. A. Wheeler. No. 602,924, April 26, 1898. 


the main shaft ©, having fixed upon it the gear ec, which 
receives the driving power from the lathe. Upon the opposite 
end of the shaft C, is fixed the main driving gear D, engaging 
the gear H, in the rotating housing. Upon the hub of the 
gear case B, are journaled the gears F, and G, fixed to each 
other, the gear F, being adapted to mesh with the gears 4, 6, 
7, 8, 9, and 11, of the front portion of the gear case, and 
the gear G, to mesh with the gears 5, 10, and 12, located in 
the rear portion of the gear casing, (not shown in Fig. 2). 
The gear casing B, being journaled eccentrically on the 
supporting sleeve, it follows that only the gears brought into 
engagement by arriving at the proper side of this eccentric 
movement will be in action. Each of the series of gears, 
4, 5, 6, 7, 8, 9, 10, 11, and 12, are fixed upon shafts having 
clutch members formed upon both ends so as to engage with 
the clutch member on the end of the spindle e, of the sec- 
ondary case N, on the one side, and with the clutch member 
on the spindle j, of the gear J, on the other. By thus provid- 
ing for the revolution of the main gear case B, and the sec- 
ondary gear case N, a large number of changes are possible. 
The device shown in Fig. 3, has two pinions cut on the shaft 
of the knurled head M, by which the spindles of the gears 
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L, and K, may be moved, one into engagement and the other 
out, and vice versa, for the purpose of reversing the direction 
of the feed mechanism, 

In Patent No. 679,568, granted July 30, 1901, to Edward A. 
Muller, of Springfield, Ohio, we find a combination of clutches, 
sliding splines, swinging stud plates, rack and pinion, gears 
mounted on disks, gears journaled in casings, gears on the 
head spindle, gears on primary shafts, gears on secondary 


Fig. 3 
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Fig. 2 
William L. Shellenback. No. 667,406, February 5, 1901. 


Fig. 1 


shafts, gears on supplementary shafts, in delightful profusion 
to the student, but we fear in confusion to the every-day 
mechanic. In the drawing, Fig. 1 is a face view of the 
invention, and Fig. 2, is a sectional development of the train 
of gearing on the dotted line wz, x, Fig. 1. The direction of 
the transmission of power is readily seen in Fig. 1, from 
the gear a, through ¢, to e, or directly from b, to d, thence by 
the gear f to g and from h to i from which to any one of the 
series of eight gears marked k, k', k*, etc., to the shaft K, 
and the lead screw L. From the lead screw the gears J, and 
m, drive the feed rod n. The gears d, and e, may either be 
brought into action by the rod p, operating the sliding key 
as shown in Fig. 2. The gears f, and g, are arranged with 
clutches as shown in Fig. 2, so that they and the connecting 
case in which they are journaled may be removed and another 
case of a different ratio of gears substituted, whereby the 
changes made possible by the gears a, b, c, d, and e, may be 
further increased. The gear i, is journaled upon a swinging 
arm clamped in position by the lever g, as may be necessary 
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not only places two cones of gears in the bed, but mounts four 
more cones of gears, together with various connecting gears 
at the back of the head on shafts journaled in the bed. These 
are all operated by sliding keys, while racks, segments, and 
bevel gears are introduccd with a lavish hand. The arrange- 
ment doubtless proved rather expensive as well as unnecessar- 
ily complicated. It would not probably be too much to say 
that he was well acquainted with Norton’s reversing bevel 
gears. In the drawing, Fig. 1 is a front elevation; Fig. 2 is an 
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Edward A. Muller. No. 679,568, July 30, 1901. 


end elevation, showing the bed and a portion of the rear gear 
casings in section; Fig. 3, is a rear elevation, and Fig. 4, is a 
horizontal section through a portion of the head. The power 
is taken in the usual manner through the gears a, b, c, to the 
shaft d, upon which one cone of gears e, is journaled. Any 
one of these gears is brought into action by a sliding key 
operated by the clutch sleeve f, controlled by the lever g, 
through the medium of the segment h, and 
rack i. The gears of the cone e, engage those 
of the cone of gears j fixed upon the shaft k, 
from which miter gears connect to the gear lI, 
and thence to the series of gears at the back 
shown in Figs. 2 and 3. The motion here passes 
through the gears m, n, 0, p and q and thence 
to the reversing bevel gears r, s, t, to the lead 
screw V. The cone of gears n, and p, are fixed 
to their shafts, while those of the cone of gears 
m, and q, are controlled by sliding keys oper- 
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ated by the knobs w, and y. The reversing 
clutch w is operated by a quick-threaded worm 
on the reversing rod 2, whose rotation is con- 
trolled at the apron. 
* * * 
What appears to be a simple scheme for 
greatly increasing the magnifying power of 


the microscope, has been developed by two pro- 


fessors in Jena University, according to a re- 


Herman R. Isler. No. 684,482, October 15, 1901. 


to bring the gear into engagement with any one of the series 
k, k’, k*, k®, ete., as the gear case containing them is rotated. 
When the proper gear of the series is in. position the shaft 
K, is brought into position to engage the clutch s, by means 
of the lever r. The shaft K, is splined to the sleeve on which 
the gear 1, is formed. The lead screw L, is also splined to it 
and is thus driven with it. 

Herman R. Isler, in his Patent No. 684,432, dated October 
15, 1901, seems to have had great faith in the efficiency of 
the much used cone of gears, and may have thought that if 
they were good things, the more he had the better, for he 


cent report from Consul Monaghan at Chem- 
nitz, Germany. Some years ago the limit of 
microscopic perception was declared by the 
great physicist, Helmholz, to be 0.000004 inch, 
but it is estimated that the recent discovery 
will extend it to particles of matter so small as 0.0000002 to 
0.0000003 inch. The principle depends upon strongly illumin- 
ating the particles to be observed, and excluding all rays of 
light from the objective save those that are reflected from 
the object observed. 

* * * 


A French experimenter has made a discovery that should be 
of value in blueprinting by @lectric light. He has found that 
an are lamp using carbons having a core of carbide of iron, 
will make blueprints and black drawings on white ground, or 
heliographic paper, three times more quickly than when ordi- 
nary carbons are used. 
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One of the great drawbacks to the more general use of steel 
castings, as almost everyone knows, is getting them to come 
sound and reasonably true to pattern. It is somewhat discour- 
aging to send a simple pattern to a steel foundry and receive 
in return castings that bear only a remote resemblance to the 
pattern sent, or are so full of blowholes as to be worthless. 
It is no exaggeration to say that thiS has been the experience 
of many manufacturers who would gladly be large users 
of steel castings if these could be obtained promptly and true 
to pattern. A more favorable aspect of the steel casting busi- 
ness was revealed to us on the occasion of a recent visit to 
the shops of the National Transit Co. at Oil City, Pa. This con- 
cern, which makes pumping machinery, gas engines, and other 
oil field machinery required by the Standard Oil Co., uses steel 
castings very largely for connecting-rods, crankshafts, and 
other machine parts requiring a strong, tough metal. These 
castings are made in their own foundry and they are without 
exception the finest specimens of the art we have seen. Mr. 
Klein, the former superintendent, now dead, invented a steel 
converter which is used and which is held to be largely re- 
sponsible for the uniform results obtained. The foundry prac- 
tice, however, reveals a grasp of the business on the part of 
the foundry foreman that shows he is master of his business. 
Almost everything is cast on end that can be handled in that 


way, gating from the bottom, of course, and providing risers: 


of generous proportions. We were shown castings for a poppet 
valve of quite complicated shape, that is regularly made, 
which would test the skill of most molders to produce in cast 
iron, They were apparently perfect in every respect. In the 
production of three-throw crankshafts and other parts that 
are equally difficult to make, there seems to be no trouble in 
obtaining steel castings by this method that are true to the 
pattern and are satisfactory in every respect. 
* * * 


CANNOT BE PREVENTED. 


One of the most peculiar advertisements, (if we may so 
describe it) we have ever read, was inserted in the June 
issue of Power by an engineer of world-wide reputation—the 
father of the modern high-speed stationary steam engine. 
It is in effect a protest against the steam turbine, and is ad- 
dressed to the builders of stationary and marine steam en- 
gines and would not ¢all for special attention were it not that 
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it so vividly illustrates a certain temper of the human mind 
that is periodically manifested whenever great improvements 
are first launched. The advertisement, in part, reads as fol- 
lows: 


GENTLEMEN: As you are well aware, your business is Dow Ccon- 
fronted with the competition of the steam turbine. It is the prophecy 
of its promotors that the reciprocating steam engine will soon become 
a thing of the past. The general trend of engineering opinion seems 
to be in that direction. : A 

Pumping and air compressing engines, and rolling mill engines, will 
not be affected by this competition. But the great classes of engines 
employed in most other industries, and for driving dynamos and marine 
engines are, in their present forms, pretty certain to be gradually 
superseded. On this point there seems to be little room for difference 
of opinion. The advantages of the turbine are very great. 

Are there any means by which this threatened result can be pre- 
vented ? 

I am satisfied that this will be done by the more complete develop- 
ment of the high speed system—the combination of rapid piston ve- 
locity with short strokes. In this way a reciprocating engine will be 
obtained that will be preferred to the turbine. * eS) Sead 

As is sufficiently well known, I have devoted my life largely to the 
study and practical application of the principles of high speed 
engineering. For a number of years recently I have been engaged in 
maturing, both in its general features and its details, a high speed 
system which seems to me well adapted to present require- 
Mets at es bs aN 

Steam engine builders, stationary and marine, are invited to com- 
municate with me, when I will arrange to meet parties who shall pro- 
pose to unite in this enterprise and lay its details before them. 

Montclair, N. J- CHARLES T. PORTER. 


Superficially, this advertisement appears to be for the pur- 
pose of promoting a new invention, but we suspect that at 
heart the writer, who is a true engineer, with love for his 
profession, feels much deeper than this. The keynote of what 
he says seems to be: “Are there any means by which this 
threatened result can be prevented?’ No matter if the steam 
turbine is better than the reciprocating engine, no matter if 
the world wants it because it is simpler, we, the men who 
have given our lives and best thoughts to the development of 
the steam engine, cannot bear to see it superseded. Vested 
interests are not of so much account here as sentiment. Natu- 
rally so, and this trait of human nature must be taken into 
account when dealing with men who have been prominently 
connected with the development of any great industry or enter- 
prise. The father of the high-speed steam engine can per- 
haps console himself with the thought that if the steam tur- 
bine does supersede the reciprocating engine, it in turn will 
undoubtedly be shifted from the stage of action by some 
process for the direct conversion of heat into electrical energy. 
This is now accomplished in the laboratory and it is probable 
that it will eventually be done on a commercial scale. 

It is perhaps impossible for any of us to view, without a 
tinge of sadness, the displacement of the old for the new, but 
improvements and progress are in effect synonymous with 
change. No motor, tool or appliance in the world of mechanics 
can crystallize into a permanent form; types must change 
or disappear as the conditions affecting them require. The 
lesson for the young man, and for all men to learn if they 
can, is that nothing is permanent and that if they would keep 
abreast with progress their minds must always be receptive 
to new ideas. 

* * * 

There is on record a considerable number of air compressor 
explosions, more or less disastrous, which are definitely known 
to have been caused by the “spontaneous” firing of confined 
explosive gases, of which the lubricating oil fed to the com- 
pressor cylinder, formed the hydrocarbon constituent. The 
heat genérated by compression is sufficient to fire an explosive 
mixture of air and hydrocarbon gas, under favorable condi- 
tions, as can be demonstrated by experiment. The use of a 
lubricant for air compressor cylinders having innocuous qual- 
ities would seem desirable, especially where single-stage com- 
pressors are employed for pressures of 90 to 100 pounds or 
higher. Even if there is no danger of explosion there is always 
the trouble from carbon being deposited on the outlet valves 
and passages. The American Manufacturer of a recent date 
describes a lubricator for feeding soapsuds to an air com- 
pressor which is successfully used in the power plant of the 
Terminal Railroad Association at St. Louis, Mo. Soapsuds 
have been used there in an Ingersoll-Sergeant air compressor 
for the past four years. The lubrication has been satisfactory 
and the walls of the cylinder are said to be in perfect condi- 
tion. All this being true, we have the very desirable elements 
of cheapness and superiority combined in a simple air cylinder 
lubricating compound available wherever people are addicted 
to the “soap-and-water habit.” 
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HIGH-SPEED PLANERS AGAIN. 


In regard to high-speed planer work, which was discussed 
in the June issue, a belated report comes from the Mark 
Flather Planer Co., who say that on small planers 30-inch by 
30-inch and under, a cutting speed of from 35 to 40 feet per 
minute is being employed with success, and that they are run- 
ning planers of this size at about these speeds. They 
are operating a 42-inch by 42-inch planer, widened out to 50 
inches, which has an 18-foot table and four heads, at a cutting 
speed of 28 feet per minute. But while this increase of cut- 
ting speed greatly increases the output, it is frequently neces- 
sary to make repairs. It does not appear possible to make 
certain parts of the planer, as now designed, strong and 
rigid enough to stand the shock and stress of such high speeds. 
Again the experience of this firm with the new high-speed 
steels, yields a varied degree of satisfaction. One tool may last 
for a long time with one grinding, and with such a tool the 
work progresses rapidly. Another tool, made possibly at the 
same time by the same smith and hardened in apparently the 
Same way, will not stand up at all. The company are furnish- 
ing some 48-inch by 48-inch planers to the Locomotive & 
Machine Co., of Montreal, which are guaranteed to plane at 
35 feet per minute. It is expected that these machines will 
show a great increase in consumption of power as the makers 
have found that the increase of power required is by no means 
pro rata with the increase of cutting speed, but rather in some 
geometric ratio. In conclusion they do not recommend high 
planer speeds, believing it is better to go a little more slowly 
and lengthen the life of the tools and the machine. A cutting 
speed of 30 feet per minute is recommended for planers 30 
inches by 30 inches and under, and 25 to 27 feet for larger 
sizes up to and including 48-inch by 48-inch. Beyond these 
sizes the speed should be reduced from 22 to 23 feet per minute. 

The highest high-speed record that has come to us, with the 
exception of a report from one G. A. Gray planer, which we 
understand is running at the rate of 66 feet cutting speed, has 
been sent by the American Tool Works Company, Cincinnati, 
who have paid a great deal of attention to the question of fast 
cutting speeds for planers. A test was recently made at their 
works upon one of their standard 24-inch machines, using in 
connection a well-known brand of high speed tool steel. The 
platen was planed off at a speed of 60 feet a minute, the depth 
of cut being 4 inch, and the feed 1-16 inch. The platen was 
then finished at the same speed without chatter, the cut being 
smooth, clean and even throughout. The same speed and cut 
was then repeated on a piece of work clamped to the planer 
table. Since these tests work has been done regularly on 
30-inch planers at 60 feet a minute with this high-speed steel. 


* ** 


THE NATIONAL MACHINE TOOL BUILDER®’ 
MEETING. 

The semi-annual meeting of the National Machine Tool 
Builders’ Association held on June 9, 10 and 11 at Worcester, 
Mass., was more largely attended than any of the previous 
meetings. Interest in the objects for which the association 
was formed has steadily increased, and it may be now re- 
garded as a permanent and successful adjunct of the trade. 
The only business of importance transacted was an agree- 
ment to increase the price of planers 5 per cent., but a num- 
ber of minor points of general interest, such as the regula- 
tion of prices on machine tool parts were discussed, and steps 
taken to secure uniformity. Mr. W. A. Viall, of the Brown & 
Sharpe Mfg. Co., read a paper on the apprenticeship system 
in force at their establishment, which contained a number of 
valuable points. The visiting members of the Association 
and guests were entertained by the Worcester members at 
Lake Quinsigamond, and by the Norton Emery Wheel Co. at 
their works, and every one present had a most enjoyable time. 

The following firms are members of the Association: 
Flather & Co., Mark Flather Planer Co., Nashua, N. H.; Jones 
& Lamson Machine Co., Springfield, Vt.; Baush Machine Tool 
Co., Springfield, Mass.; H. G. Barr, Blaisdell & Co., Draper 
Machine Tool Co., Prentice Bros. Co., F. E. Reed Co., Whit- 
comb Mfg. Co., Woodward & Powell Planer Co., Worcester, 
Mass.; Hendey Machine Co., Torrington, Conn.; Detrick & 
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Harvey Machine Co., Baltimore, Md.; Binsse Mche. Co., Gould 
& Eberhardt, Newark, N. J.; W. P. Davis Machine Co., Roch- 
ester, N. Y.; B. F. Barnes Co., Rockford, Ill.; Hoefer Mfg. Co., 
Freeport, Ill.; Aurora Tool Works, Aurora, Ind.; Sibley & 
Ware, South Bend, Ind.; Bremer Machine & Tool Co., Kala- 
mazoo, Mich.; American Tool Works Co., Bradford Machine 
Tool Co., Bickford Drill & Tool Co., Cincinnati Machine Tool 
Co., Cincinnati Milling Machine Co., Cincinnati Planer Co., 
Cincinnati Shaper Co., Dietz Machine Tool Co., Fosdick Ma- 
chine Tool Co., Greaves, Klusman & Co., Hisey-Wolf Machine 
Co., Lodge & Shipley Machine Tool Co., R. K. LeBlond Machine 
Tool Co., Rahn, Mayer, Carpenter Co., Schumacher & Boye, 
Cincinnati, Ohio; Hamilton Machine Tool Co., Hamilton, Ohio; 
Fairbanks Machine Tool Co., Springfield Machine Tool Co., 
Springfield, Ohio. 


* * * 


NOTES AND COMMENT. 

The question of starting a course in “insurance engineer- 
ing’ at the Massachusetts Institute of Technology has been 
agitated for some time by the Factory Mutual Insurance 
companies of Boston and probably this result will eventually 
be consummated. The Armour Institute of Technology, Chi- 
cago, however, has gotten in ahead and has already started 
such a department for instruction in fire protection. The 
course is to be known as “Fire Protection Engineering,” and 
will lead to the degree of Bachelor of Science. It will be 
under the direction of Prof. Fitzhugh Taylor, formerly engi- 
neer of the Underwriters’ Laboratories. A special feature of 
the course will be a series of lectures by prominent insurance 
officials, architects and contractors. 


“The Aeronautical World,’ devoted to the interests of sky 
navigation, is one of the latest additions to the journalistic 
field. The advertising columns are the most interesting part 
of the paper. From them we learn that the Aeromobile (60 
miles an hour guaranteed) for navigating the air, water 


. or on land, is a new type of conveyance for which a limited 


number of orders will be booked at $600 each. The adver- 
tisement says, “Don’t waste time asking questions, but if you 
mean business and command the cash send your order.” An- 
other inventor who has “proved” the practicability of a fly- 
ing machine wants to raise the capital. Two people wish to 
sell gasoline motors which are ‘just the thing for air ships.” 
Another man, who evidently tells the truth, advertises, “Clever 
performer with good hot air attachment is open to book en- 
gagements.” 


A contemporary gives a somewhat extended description of a 
variable-speed engine governor of the fly-ball type, in which 
the speed of the engine is changed by varying the relative 
position of two beveled friction disks which take the place 
of the familiar bevel gears. On general principles we believe 
a device of this nature should be discouraged. There have 
been entirely too many wrecks caused by runaway engines in 
which loose or broken belts have played the leading part. 
To introduce a friction device much more likely to slip and 
get out of order than the belt, is little less than criminal, and 
should never be allowed. An engine governor should always 
be positively driven either by chain or shaft connection. We 
are aware that blowing engines have been controlled by a 
variable-speed device of a similar nature to the one under 
discussion, but that does not alter the conditions affecting or- 
dinary commercial engines. A blowing engine is always under 
close surveillance, and even then the device alluded to has 
often given serious trouble. 

In one of his papers presented at the Saratoga convention, 
A. H. Eldredge tells of two engines which he equipped with 
positive governor drives, with marked improvement in their 
running qualities. The belt drives had not only given 
trouble through slipping and consequent irregular running of 
the engines, but at times had been in such bad shape as to 
become positively dangerous. The positive drives changed 
all this. Mr. Eldredge did what European engineers have prac- 
ticed for many years and other American engineers may well 
follow their example. 
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SIXTY-FOOT BORING MILL 
RECENTLY BUILT AND ERECTED AT THE GENERAL 
ELECTRIC CO.”S WORKS. 

The boring mill, of which a description follows, was the 
subject of a paper by Mr. John Riddell, Schenectady, N. Y., 
before the Saratoga convention of the American Society of 
Mechanical Engineers. This machine was designed for ma- 
chining field rings of dynamo-electric machines, flywheels and 
other large work at the General Blectric Co.’s works, Schenec- 
tady, and is of such immense proportions and weight of ma- 
terial that it was necessary to build it at the factory where 
it was to be used. The total weight of the boring mill com- 
plete is 885,600 pounds and it is capable of taking work 60 feet 
in diameter. Up to the present time the largest boring mills 


MACHINERY. 


July, 1903. 


rail and saddles of the General Hlectric machine together 
weigh 155,000 pounds and of the Sellers mills 111,000 pounds. 
The rail of the former is about 38 feet long, made in two 
parts, and supported at the center as shown in Figs. 1 and 
2. When unusually large pieces are to be turned the housings 
are moved back onto the projecting parts of the floor plate. 
The General Electric machine has a boring bar with inde- 
pendent drive and feeds, which can be used either for boring 
or slotting, and which greatly increases the scope of the mill. 
The following is an abstract of Mr. Riddell’s paper: 

When the excavation was made for this foundation a bed of 
quicksand was struck at a depth of 8 feet, which rendered it 
necessary to have a steel tank, 9 feet in diameter by 12 feet 
914 inches in height, sunk to keep back the sand and water. 


TL 


Fig. 1. 


in the country, so far as we know, have been two 28-foot mills 
built by William Sellers & Co. for the Westinghouse shops, 
Pittsburg, and a 30-foot mill at the Union Iron Works, San 
Francisco, Cal. The General Electric machine, therefore, 
will take work of twice the diameter of these and is much 
the largest and heaviest boring and turning mill ever con- 
structed in this country and probably in any other country. 
It is hardly fair to make direct comparisons between this ma- 
chine and the others, for it is a special machine, designed for 
special work, while the Sellers mills, at least, are tools of 
the regular type, relatively heavier, and adapted for work of 
relatively greater height above the table without the introduc- 
tion of what might be termed “portable features.” The,cross- 


Plan View of Sixty-foot Boring Mill. 


It was found impossible to sink this tank by the regular 
method of digging, and the hydraulic process of sinking was 
resorted to. After the tank was in place, as much earth as 
possible was removed from the outside, gradually rounding 
the bottom up toward the outer edge of the foundation, the 
object being to keep the bottom of the foundation in as nearly 
a semi-spherical form as possible, so that in settling it would 
adjust itself in a solid mass. The bed of the mill is 20 
feet in diameter and for convenience is made in three pieces, 
one pattern only being necessary. Each segment weighs 
26,900 pounds, making a total of 80,700 pounds. The bed plate 
has two ways for the table to revolve upon, the center of 
outside way being 17 feet 6 inches in diameter and 10 inches 


579 


MACHINERY. 


July, 1903. 


t Th ) 
— || 


Se 


Ssts= YT Srerstet 


wide. The inside way is 5 feet diameter and 6 inches wide. 
The two ways have a total bearing surface of 7,730 square 
inches, and as the maximum load, including table, that the 
bed plate is expected to carry is 300 tons, the pressure per 
square inch is 77.6 pounds. The bed is bored out in the center 
to a diameter of 4 feet to receive the main bearing for the 
table spindle. It has a projecting shelf or flange around its 
entire periphery, faced on its upper side to form a support 
for floor plates, Fig. 1, which are bolted securely to the same, 
and is also faced on bottom to form seat for bar support. 
Means are provided for oiling the table ways, by flooding or 
by pressure; the flanges at sides of ways form an oil well 
and are of sufficient height to allow a head of 2 inches of oil 
above surface of bearing at all times. (It may be of interest 
to know that 32 gallons of oil are required for this purpose. ) 


Fig. 2. Sectional Elevation through Boring Mill. 


The table is 20 feet 4 inches in diameter, made in three 
sections, and weighs complete 78,900 pounds. It has a range 
in speeds from one revolution in 8 minutes to one revolution 
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in 1 minute. The greatest gear reduction obtained for driv- 
ing the table is 1,040 to one. 

The table is driven through a spur gear 20 feet pitch di- 
ameter, 3.1416 inches circumferential pitch, 10144 inches face, 
made in two pieces of gun iron, bolted to under side of table 
Fig. 4. This gear weighs 14,000 pounds and is driven by two 
pinions, 180 degrees apart. Pinions are 15-inch pitch diameter, 
and are made of forged steel. 

The spindle for the table has a length of 6 feet 9 inches, 
and greatest diameter 5 feet 6 inches where it rests in inner 
way of bed plate, and has a taper of *, inch per foot on main 
bearing, being 46 inches diameter at large end and 40 inches 
long; weight of same being 10,100 pounds. It is also bored 
out and splined at each end to receive bearings for the boring 
bar sleeve, and also adjustments for the same. Bearing for 
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table spindle is 48 inches outside diameter, 40 inches long, 
has babbitted pockets on inside for spindle bearing, bored to 
a diameter of 46 inches at large end with %,-inch taper per 
foot. This bearing weighs 3,700 pounds. Immediately out- 
side of revolving table there are 14 floor plates, making a 
stationary table of 44 feet diameter, each plate weighing 19,000 
pounds, making a total of 266,000 pounds. Outside of this 
table there extend 15 plates radially, 6 feet wide by 10 feet 
6 inches long, making a complete outside diameter of 65 feet. 
Bach of these plates weighs 13,000 pounds, making a total 
weight for the 15 of 195,000 pounds. 

The stationary table has two tracks upon its surface, cen- 
ter of inside track being 30 feet diameter and center of out- 
side track 40 feet diameter, both 12 inches wide. The object 
of these tracks is to form an outer bearing for support on 
which boring tool heads rest when boring out large flywheels 
or frames, or forming outer bearings for frames or flywheels 
when they are being revolved by the table and are being 
turned on their outside diameters. These tracks are covered 
by a moving platform, to protect them from chips or dirt, 
and upon which the operator may stand. 

The mill is equipped with a boring bar supported from be- 
neath the table and designed for boring out work varying from 
one foot to eight feet in diameter by 16 feet long and is made 
to revolve in either direction by means of suitable gearing 
and reversing clutches. The bar is to have a hydraulic feed, 
and is built up of two cylinders, the upper 12 inches diameter, 
with 4 feet 8 inches travel and the lower 18 inches, bushed 
with copper sleeve to 1714 inches diameter, and with a travel 
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These bo-ing heads are provided with suitable crossfeed 
slides to bore to diameter required. Thus when keyways are 
required, the same may be done by removing the boring 
tools and substituting slotting tools, and then by manipulat- 
ing the main operating valve the bar may be given the cut- 
ing speed required and also have a quick return. 

The bar support is made up of cast-iron segments ma- 
chined and bolted together and suspended from the under 
side of the bed plate. A photograph of this is reproduced 
Ine Hos: 

The housings are constructed entirely different from the 
standard type of vertical boring mill. There are two large 
portable uprights 15 feet high, having one part of upright 
standing in same line as the cross-rail and the other standing 
at right angles thereto, both forming part of common base 
9 feet square and tied together on the inside near the top by 
a very strong brace. The arm or cross-rail, Fig. 2, which has 
a vertical adjustment on standards, has bearings and gibs 
between rail and housings of ample width and length to 
secure alignment of the same. There is also a large bracket 
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of 8 feet. The piston of lower cylinder is stationary and 
mounted securely upon a hollow piston rod, which contains 
an internal tube that passes up through the piston to upper 
end of cylinder. Oil for upper end passes through this tube 
and for lower end through outside or piston rod tube and by 
means of port in the same near its connection with the piston 
passes into cylinder; thus, by admitting oil to under side 
of piston, the bar or cylinder moves downward and admis- 
sion to upper side gives motion upward. 

Should it be necessary to bore out a piece of work 24 inches 
or less in diameter, recourse is then had to the upper cyl- 
inder, where there is a double-acting piston, the rod of which 
is 8 inches diameter and forms the boring bar. Oil for 
operating this plunger is obtained as follows: A valve in 
bottom cylinder head is opened, the oil passes through valve 
up through pipe which is embedded in side of bar, up to and 
through inner head between upper and lower cylinders, 
thence to under side of top piston; the feed being controlled 
by the quantity of oil allowed to escape from upper side of 
piston. It will thus be seen that pressure is on both sides of 
both pistons at the same time, the pressure from pump being 
at the lower side of top piston and lower side of bottom pis- 
ton, while the exhaust is on opposite side of pistons; this is 
to prevent any jumping effect of the bars in vertical direction 
when blowholes or other obstructions are encountered. By 
reversing the main operating valve, feed in opposite direc- 
tion is obtained, the top of large bar and smail plunger being 
made with taper sockets and key to carry poring heads. 


Fig. 3. Plan of Drive for Boring Mill Table and for Boring Bar. 


at the back which slides upon back column of standard and 
a clamping device at end of rail, which passes across the 
face of housing, both of which when secured serve to pre- 
vent springing of the rail during operation. Additional sup- 
port is given to rails where they join at the center, by means 
of a stationary stand and bracket extending out to and 
against the rail, as shown in plan of mill, these rails being of 
sufficient length to enable a minimum diameter of 12 inches 
and a maximum diameter of 28 feet to be bored and turned 
without moving the housings. 

The design of cross-rail is peculiar in construction in hav- 
ing the lower face project 34% inches beyond the upper 
part; this lower is 12 inches wide vertically and forms the 
main horizontal guide for saddle, one advantage being a 
double bearing to sustain the weight. The principal object 
is, however, greater accuracy and less liability for the saddle 
to oscillate, owing to the proportions of length to width 
of bearings, which is 12x42 inches, the usual proportions 
of large boring mill saddles being about square. The great 
width of rail to counteract the tool action is still retained. 

Movement or feed of saddles along the rail is made by 
means of hydraulic mechanism, the piston and rod being 
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Fig. 6. Showing Bed, Bearings for Table, and Driving Pinions. Fig. '7. Boring Mill at Work on Field Ring 34 feet in Diameter. 
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stationary and attached to bracket on outer CndeOtunalk an hhe 
cylinder is allowed to float, carrying on inner end a pair 
of gears proportioned two to one, which engages in two 
racks, the upper or stationary rack meshing with small gear, 
and the lower racks attached to saddle and meshing with 
large gear; this arrangement gives a motion of head equal to 
three times that of cylinder, pressure being admitted and 
discharged in the same manner as described for main bor- 
ing bar. 

The boring bars in tool heads—12 inches diameter by 15 
fect long—are held in bearings on swivel plate, as on stand- 
ard type of mill. This bar is bored out and fitted with a 
double-acting piston and hollow piston rod and cross head to 
which are attached two racks which serve as keys to prevent 
turning of bar and also for raising or lowering of bar or 
- tool heads. The bar can be held in position as in standard 
mills, or can be lowered and clamped to floor when turning 
a piece of work. (See vertical section of boring mill, left- 
hand bar.) 

The tool head is also provided with suitable device for 
raising or lowering bar by hand. 


Fig. 8. Cast-Iron Support for the Boring Bar and Mechanism. 


- The tool head on bar consists of a cross-slide and swivel 
attachment, capable of being revolved around the bar by 
means of worm and wheel, and moved vertically along the 
bar by means of the two racks above mentioned. 

The housings are supported by the stationary table and 
floor plates extending from the table to a diameter of 65 
feet, being free to travel from a position close to table to 
outside diameter of plates, in which position they are capable 
of boring or turning work of a maximum diameter of 60 feet. 
Housing-rails, etc., weigh 155,580 pounds. 

The power for driving this mill is obtained from a 50 
horse power variable speed motor. This motor has a range 
of speeds of from 128 to 512 revolutions per minute inclusive, 
power being transmitted from pinion on armature shaft 
through train of gears to main driving shaft; Fig. 3, upon 
main driving shaft is a bevel pinion which meshes into two 
bevel gears on two shafts placed diagonally. Upon other end 
of this are two bevel pinions meshing in two large bevel 
gears, mounted upon vertical shafts, upon which are the 
two pinions for driving table gear. Motor is controlled by 
means of a portable controller, which can be carried to any 
point about the mill convenient for the operator. Fig. 7 
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shows the machine applied to boring a field ring 34 feet in 
diameter. 
Net total weight of boring mill complete is 885,620 pounds. 


* * 


PISTONS AND PACKING RINGS.—6. 
J. H. DUNBAR. 

This installment will be devoted to the description and dis- 
cussion of balanced packing rings; and to explain what they 
are, and who was probably the first to note their importance, 
I make the following quotation from Mr. H. D. Dunbar’s patent 
of 1865: 

“Tt also consists in so forming the central and packing rings 
that the outward pressure of the steam within the piston-head 
may be limited and regulated so as to reduce to the minimum 
the amount of friction between the packing and interior sur- 
face of the cylinder, consistent with a steam-tight joint.” 

Mr. Dunbar’s packing was described in the first article of 
this series, which appeared in Macuinery for July, 1902. 

The best evidence I know of that cylinder wear is, to some 
extent at least, proportional to the pressure on the piston is 
that shown by an air-pump cylinder, such as are used on 
locomotives. When these cylinders get worn about a thirty- 
second larger at the ends than in the middle, they are re- 
bored. I measured up a badly worn cylinder a few years ago, 
and then magnified the wear fifty times, and the diagram 
Fig. 1 is the result. The lines are approximately isothermal, 
showing that when air is being pumped, cylinder wear is 
about proportional to the pressure on the piston. For general 
service, narrow rings, and few of them, lessen cylinder wear, 
but this is offset by the increased pressure of the rings against 
the cylinder walls and the difficulty in applying oil. A bal- 
anced packing ring is needed. I note a few. 

Downie’s packing for marine engines is of the type under 
discussion, and was shown in MacuHinery, January, 1903. It 
consists of a pair of snap rings, wedge shape in cross section, 
in a single groove which clamps the rings as they expand 
and prevents their otherwise excessive pressure against the 
cylinder. Fig. 2 shows Downie’s packing as it appears in 
the January, 1903, issue, with the addition of holes a @ through 
the flanges. The cavity B connects the joints and steam can 
flow in at one and around the piston to the othe’, and out. 
This leakage will be small, and if in the high pressure 
cylinder of a compound engine is not lost. 

It is assumed that in Downie’s packing the rings are placed 
in the grooves with their joints 180 degrees apart; are uni- 
form in cross section (not eccentric); that their joints are 
uncovered, so that, say half as much pressure will be kept 
in cavity B as there is on the piston; that the ring and 
cylinder wear is to the ring and groove wear as 10 to Lena. 
the piston is at the top of the cylinder with the rings just 
comfortably in touch with it and their groove, and that all 
are of uniform temperature. We now admit steam at 200 
pounds pressure to the top of the piston, with the result that 
the cylinder expands through the effects of pressure and tem- 
perature. Steam then enters cavity B, expanding the piston 
by its heat and forcing the rings to the cylinder and tight in 
their groove. At one-fifth stroke, steam pressure is cut off, 
and the cylinder contracts during the other four-fifths, and 
forces the rings to contract as much (except that which wears 
off) as the cylinder expanded owing to the pressure of the 
steam; so that the rings by the time they get to the bottom of 
the cylinder, bear the same relation to it and to the piston that 
they did at the top, except that they are a little nearer worn. 
out. It will be noted that during this single stroke the 
rings were first forced out, then in, making two groove-wears 
to one on the cylinder. It will also be seen that this alternate 
out-and-in action of the ring will tend to wear the cylinder 
“barrel shape,’ and with constant pressure, point of cut- 
off and lubrication and perfect piston alignment, an ideal 
piston efficiency may result. If the groove wear should exceed 
the cylinder wear, the rings may be placed with joints 
coincident in their groove, so they will contract and expand 
as a unit. In any other position, they will wear on each 
other. With this packing there can be no groove wear due to 
impact, for the slight movement of the rings would only result 
in varying their degree of tightness. The pressure on the 
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top flange of the piston will tend to close the groove, and 
tighten the rings in it. I do not see any reason why we may 
not make use of this condition and hold the rings in their 
grooves, with practically a constant pressure against the 
cylinder, by making slightly flexible flanges, and proportion- 
ing the ring so the radial steam pressure on it will be bal- 
anced by groove friction. A piston of this kind is shown in 
Fig. 3. It will leak at the joints of the rings, and after the 
point of cut-off, as the cylinder pressure is reduced, it con- 
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Fig. 1. Diagram showing Piston Wear. 


tracts, and the ring is forced to contract, just the same as 
Downie’s does, the principal difference being that only one 
ring is tight at a time, and as long as they do not stick in 
their grooves, they will make the piston practically steam-tight. 
I do believe, however, that rings held in their grooves as in 
a vise are more apt to score the cylinder than if free. 

The next on my list is another English piston for marine 
engines, shown in Fig. 4, which the editor of MACHINERY 
clipped from the Mechanical World and kindly sent me. Its 
inventor, Mr. Berry, describes it as follows: 

“B is a junk ring, loose on the piston body, and adjustable 
diametrically with setscrews d. It is also provided with 
springs D which force the packing rings A A’ apart verti- 
cally. The latter are rings of rectangular section, whose 
ends are forced apart by springs S placed under the brass- 
joint pieces M, as shown. The ends of the ring are cut on an an- 
gle as usual, and are normally % inch apart. In order to pre- 
vent the steam finding its way to the back of the ring, care 
has been taken to block the water grooves at a, a and Db, b.” 
This packing is simple in construction, and has proved very 
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Fig. 3. Piston with Flexible Flanges. 


efficient in practice. In support of this latter claim we were 
given an opportunity to closely examine the interior of the 
high-pressure cylinder, in which the tool marks were very 
plainly visible, although no lubricant had been used, and the 
vessel had steamed from Liverpool to Japan, thence to Aus- 
tralia, and thence to Europe, at an average piston speed of 
650 feet per minute.” Tool mark credentials may be of some 
value in determining cylinder wear, but they do not carry 
any evidence that the piston was steam-tight. It would be 
interesting to know if the tool marks were also visible on 
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the packing rings, at the time the cylinder was examined. It 
will be remembered that Mr. Berry cuts his packing rings 
in sections, and sets them out to the cylinder with springs 
S, and out to the flanges, with springs D. Now I take it that 
springs D are stiff enough to resist the steam pressure tend- 
ing to force them in an up-and-down direction; and as the 
joints are covered, there is no chance for steam to get under 
and force them out. Under such circumstances, if springs S 
are stiff enough to be relied on to keep the rings out, they are 
very objectionably too stiff when the cylinder has to set the 
rings in. Suppose that springs D require 100 pounds per inch 
of circumference of the rings to set them out, then it is plain 
that it will require 200 to set them in. In thinking this mat- 
ter over I conclude that it would be exceedingly dangerous 
to run a piston dry in a cylinder, if its rings, or any other 
part could touch it with an appreciable pressure. I have heard 
of low-pressure pistons, say thirty years ago, being run with- 
out oil continuously without injury, but Mr. Berry’s is the 
first high-pressure, that I have known of. There is a con- 
siderable difference between the way Mr. Berry clamps his 
rings in their grooves, and the way they are held in Fig. 3. 
It will be noted that the spring D produces nearly constant 
side pressure on the rings, while in Fig 3 it varies as the 
pressure on the piston, and when on the exhaust side of it 
they are vevy nearly free to expand. 
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Of the many schemes to get a side pressure on packing 
ting the only one I have known of to be used considerably 
is beveling an inside corner of the ring, and then putting a 
wire spring in the groove, to act on the beveled surface of 
the ring. The London & Northwestern Railroad used brass 
rings in their pistons, set out as stated, in 1895. My report, 
does not say if the springs acted to force the rings apart, 
and to keep the steam from under them, or on their opposite 
sides, just to stop their clatter in the grooves. 

The reader will naturally expect a goodly number of origi- 
nalities in anything that Professor Sweet designs, and I 
want to say right here, that the pistons of his Straight Line 
engines (a blueprint and catalogue of which he has kindly 
sent me) are a case in which the expected happens. I will 
begin by describing his packing ring, and that part within 
quotation marks is what he says of it. 

On page 4 of the Straight Line Engine Company’s catalogue 
we find that “limited expansion piston rings were conceived 
about 1884.” I make this statement to show that Professor 
Sweet was among the first to see that steam would get under: 
packing rings, if there were no special ports for that purpose. 
Still there are inventors scheming for some new way to give 
the steam a better chance to set the ring out, evidently be- 
lieving that “steam-tight’’ means all the pressure on the ring 
that the cylinder will stand without bursting. It is to be 
hoped that the correspondence schools will show their schol- 
ars just how a packing ring packs, in a much clearer manner 
than the average text-book. 

To counteract the internal steam pressure, Professor Sweet 
connects the ends of his rings with a tie piece, and to get the 
maximum and also uniform groove surface he makes the 
edges of his rings concentric and very materially adds to. 
their uniform elasticity by making the central part. eccen- 
tric, all as shown in his blueprint, Fig. 5. “The joint in 
the ring is held on the bottom of the cylinder by the pin 
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in the tie piece and the steam is prevented from leaking by 
the bull ring which carries the load, shutting off the gap. The 
steam gets under the ring of course, but cannot force it out, 
owing to the limit tie piece. One unlooked-for favorable 
feature developed when we put these rings in practice. When 
starting the engines the rings have to open and close at the 
ends as they go in and out of the cold end of the cylinder. 
This hammers the hooks away very slowly, so that this just 
about compensates for the wear on the rings and it is seldom 
necessary to remove the tie piece and file away the hooks.” 
This is certainly a fortunate condition, to have the hooks 
hammer or wear away just fast enough, making the length 
of the tie piece automatic, and is not at all unreasonable if 
we look at it rightly. It seems to me that an unmentioned 
source of wear on the hooks would take place when the tie 
piece was sustaining half the internal pressure on the ring. 
For the line of stress in the tie piece is above the neutral sur- 
face of the ring, which will tend to throw the ends at the 
joints down; and when the exhaust is opened at that end of 
the piston, they come up to their original position, causing 
a very slight rolling wear on the hooks twice to a revolution 
of the engine. No leakage will take place by this up-and- 
down pulsation of the points of the ring, for the bull ring 
will cover any gap within its arc of contact with the cylin- 
der. The points of the rings, too, would soon wear to accom- 
modate the spring, due to the pull on the tie piece. The reader 
will note that the faces of the hooks are not parallel, and 
that the way the tie piece is dowelled, if the bull ring wears 
faster than the packing ring, the tie piece is lengthened 
thereby. Perhaps there is some objection to a vertical stem 
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increase the ring pressure on the cylinder, and consequently 
increase their wear, and react by decreasing the hook wear. 
If, however, the ring wear should be too fast, there does not 
seem to be any remedy but to ease off the hooks. It seems 
to me that it would be advisable to test this piston occasion- 
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Fig. 4. English Piston for Marine Engines. 


ally for tightness; and while taking off the cylinder head 
and putting steam behind the piston is a good way, an easier 
way is to open the cylinder vents and blow the air out of 
it with steam when it is cold, then close the vents and throt- 
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on the tie piece passing up through the horizontal flange of 
the piston, forming a dowel pin, that I do not see. If there 
is, I beg pardon for making the suggestion. 

The Straight Line engine cylinders are bushed, and I judge 
from the illustrations in the company’s catalogue, that the 
bush and packing ring are of about an equal thickness, so that 
these two parts will expand about alike with both tempera- 
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Fig. 6. Tie-piece on Inside of Ring. 


ture and pressure. So there is nothing to prevent the pack- 
ing ring from being just a touching fit with the cylinder at 
all parts of the stroke. Under such conditions, the ring wear 
would be the least that is possible, consistent with steam- 
tightness of piston, and while the hook wear (four surfaces) 
must be at least three times the ring wear, the hook surfaces 
may be proportioned, from experience, to just meet the re- 
quirements. If the hook wear should be too rapid, it would 


SECTION A-B. 


Prof. Sweet’s “Straight-Line” Piston. 


“SECTION C-D. 


tle, and note by an indicator or vacuum gage attached to 
that end of the cylinder, how much vacuum is produced by 
the steam condensing. Of course this is only an inferential 
test, and to be of any value the vents, valve and throttle 
must be known to be tight. 

In general design, Professor Sweet’s piston is in a class 
by itself, as the reader will see by a glance at it. After de- 
scribing his packing ring, he says: 

“You will notice some other things about the piston—that 
it is light, that when it wears there is nothing to renew 
but the bull ring, that there are no cap screws to work loose 
and cause a smash-up, that the bodies of the studs are turned 
down so that the nuts never get loose on account of the 
elasticity of the studs, that the grooves are undercut so 
that the wearing surface in the groove is the same width 
as the wearing face of the ring, etc.” Another feature of 
this piston is its relief plugs. In case too much water gets 
mixed with the steam, these plugs are forced into the pis- 
ton, affording ample room for the water. The plugs are 
forced in the piston till they will resist a pressure of 200 
pounds per square inch. When a plug is blown in, the 
engineer is notified by water flowing through the tell-tale, i e., 
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a hole through the piston rod communicating with the in- 
terior of the piston. In reply to an inquiry, I learn that there 
is no partition in the piston, and that it has only happened 
once that the plugs at both ends of the piston were blown 
in at a time; then a half hour’s shut-down was required. 
When the plugs at one end only are blown in, the engine is 
run just as though nothing had happened till an opportune 
time for replacing them. 

There is one very good feature about these plugs; they don’t 
bespatter everything in their cone of dispersion, as outside 
plugs do when they go off, and combined are big enough for 
any emergency, while usually single plugs are not. The Pro- 
fessor calls this his pop piston, and says “that the best thing 
about it is that it works when there is an occasion, which 


may be soon or never.” 
* * * 


A. 8. M. E. PAPERS 


PRESENTED AT THE SARATOGA CONVENTION, 
JUNE 23 TO 26. 

As we go to press the sessions of the summer meetings of 
the American Society of Mechanical Engineers are in progress 
at Saratoga. Elsewhere in this number two of the papers 
presented are reproduced nearly in full; one is summarized 
in the data sheet, and below are brief paragraphs upon the 
balance of the papers. 

One of the most exhaustive of these was by Prof. C. H. Rob- 
ertson, Purdue University, upon tests of a 12 horse power gas 
engine. This paper contains a record of tests by several 
students in the preparation of their graduating theses during 
a period of six years. The tests were designed to determine 
the effects upon the gas engine of changes in speed, load, 
point of ignition, ratio of gas to air, and jacket temperature. 
It is obviously impossible in the space at our disposal to give 
an adequate review of a paper of this character, in which ex- 
tended detailed results of many tests are grouped together, 
and the same holds of several other papers to which we shall 
but briefly refer. Prof. Robertson’s conclusions may be sum- 
marized as follows: Increase in speed from 150 to 300 revolu- 
tions results in increase in amount of gas per explosion, a 
proportionately less increase in mean effective pressure, and 
an increase in explosions per minute at constant power; a de- 
crease in efficiency of 25 per cent., due in part to an increase 
of 2.20 horse power absorbed by friction; and a marked de- 
crease in the per cent. of heat absorbed by the jacket and an 
increase in the per cent. exhausted and radiated. 

With respect to the load, an increase from 0 to 10 horse 
power decreases the M. E. P. from about 94 to 82, and an 
increase in load from 2 to 10 horse power causes an increase 
in mechanical efficiency from about 37 to 78 per cent. In addi- 
tion to these results there are conclusions with respect to the 
proportions of gas and air used, most desirable point of igni- 
tion and best jacket temperature. From the standpoint of the 
indicated horse power, the lowest gas consumption and the 
highest thermal efficiency are secured under the following con- 
ditions: Ignition between normal and late, jacket tempera- 
ture, the lowest used, or 90 degrees; speed, the lowest tried, 
or 150 revolutions per minute; brake horse power, at about 
.6 the normal] capacity of the engine. 

There are two other gas engine papers, one upon an engine 
using gasoline and kerosene as fuel, by H. F. Halladay and G. 
O. Hodge, and “A Method of Testing Gas Engines,” by HE. C. Oli- 
ver. The first of these comprises the results of an exceed- 
ingly interesting series of tests on an Otto gas engine at the 
Clarkson School of Technology. The engine is nominally rated 
at 15 horse power and is designed for either gas or gasoline, 
a change of two valves being all that is required when de- 
sired to change from one fuel to the other. In order to use 
kerosene fuel, however, adilitional apparatus was required by 
which the oil could be sprayed into a heated chamber where 
it could be vaporized and the vapor superheated sufficiently 
to prevent the oil vapor condensing and depositing on the 
cooler walls of the ports and valves of the engine. It was 
found that if the vapor reached a temperature lower than 575 
degrees it would at once condense. The temperature of va- 
porization of ‘the kerosene was about 380 degrees and it was 
superheated on an average about 240 degrees. 
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The nozzle employed in spraying the kerosene is shown in 
the sketch herewith, A being the kerosene connection and B 
the connection with the compressed air. The nozzle delivered 
into a horizontal pipe under which Bunsen burners were placed. 
The most satisfactory conditions for the use of kerosene were 
found by adjusting the supply of the mixture of air and kero- 
sene simultaneously with the regular air admission to the en- 
gine cylinder, so that the exhaust was smokeless. The heating 
value of the two fuels was 20,296 B. T. U. for the gasoline 
and 19,282 B. T. U. for the kerosene. The price of the former 
was 1414 cents a gallon and of the latter 14 cents. The rate 
of consumption was the same for both fuels at 4.5 brake horse 
power; under light loads the gasoline was the more economi- 
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Vaporizing Nozzle. 


cal and under heavy loads the kerosene. Averages of all the 
tests show that with kerosene the per cent. fue] converted into 
useful work was 16.5; while the per cent. gasoline converted 
into useful work was only 12.5. These results appear very 
favorable to the kerosene; but this is undoubtedly due in 
part, at least, to the fact that the kerosene vapor is super- 
heated by the application of outside heat, which adds to the 
efficiency of the vapor. 

The paper by Mr. Oliver upon a method of testing gas en- 
gines discusses a system of tests worked out by the author in 
the University of Illinois, and deals chiefly with the determina- 
tion of the quantities of air and gas used, and the temperature 
of the exhaust gas at atmospheric pressure—quantities all dif- 
ficult to calculate or measure by ordinary means. 


The United States Army Gun Factory, Watervliet Arsenal, 
N. Y., was described by J. M. Scheele. Watervliet Arsenal 
was established in 1813 as a military establishment and field 
carriages and leather equipment were the most important 
products. A shop built in 1887 is now used for the manu- 
facture of field and siege guns, which is a distinct depart- 
ment from the seacoast gun shop. The latter is a building 
1,000 feet in length, with two wings, and equipped with 40 
heavy lathes classified as gun lathes, jacket and hoop lathes, 
which are capable of handling guns up to 16 inches in diam- 
eter; 

All boring, reaming, turning and facing operations of the 
tubes, jackets, large hoops and the assembled guns are per- 
formed in these lathes; short hoops are usually turned, bored 
and placed in regular boring and turning mills or in cylinder 
boring machines. Special machines are also available for 
the principal remaining operations on the gun, such as rifling 
the bore, threading and slotting the breech. 

A large number of modern standard machine tools are used 
for making the breech mechanisms fitted to each gun. The 
metal employed in gun construction is low carbon steel, 
melted by the open-hearth process and cast into suitable 
ingots at the works of the manufacturers. The forgings as 
received at the army gun factory are tempered, annealed, 
and rough-machined all over. Approximately twenty per 
cent. to twenty-five per cent. of metal is removed by the vari- 
ous tools and appliances at the gun shop for producing the 
finished guns. 

The machinists and all skilled mechanics are employed 
under the system of local civil service board, the civil service 
law being carried out strictly within the provisions of the 
government requirements, thus applying the merit system to 
all applicants. 

Records are kept of each employee, which are examined 
from month to month. This method enables the board to in- 
vestigate the employees’ standing and efficiency, also to 
recommend an increase of wages and promotion to the next 
higher class for those who have proved themselves worthy. 
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The promotions are generally made quarterly. The ma- 
chinists are divided into four classes—namely, the special 
class, the first, second and third; their wages ranging from 
$2.72 to $3.28 per diem for eight hours work, for‘emen not be- 
ing included in these classes. 

To each employee who has served not less than one year is 
granted fifteen days annual leave with pay, and all employees 
are paid for the general holidays. 


What is, perhaps, the paper of greatest current interest is 
a description and test of a 400 K. W. turbo-generator of the 
Westinghouse-Parsons type, instailed at the Yale & Towne 
plant, Stamford, Conn. The turbine end of this unit has 
been entirely satisfactory during the year or more that it has 
been in operation; it has required no renewals or repairs, 
and the bearings show no appreciable wear. But one-half gal- 
lon of oil is required per week. The only trouble that de- 
veloped with the steam end was its liability to shut down 
when running from three-quarter to full load if by any chance 
the vacuum became destroyed. A device for automatically 
preventing this, however, is to pe adopted. 

The electrical end of the unit was not so satisfactory. At 
first the generator field gave trouble and was replaced and 
the new field proved defective and burst—difficulties that do 
not affect the turbine question. 

Answers are given to a number of questions, some of which 
are briefly as follows: It does fulfill the guaranteed econ- 
omy; the noise is not excessive nor disagreeable; the contin- 
uity of operation is satisfactory; the exhaust can be used for 
heating purposes; it can be changed from condensing to non- 
condensing with ease, and this is done daily; the exciter 
should be driven by an independent engine; the cost of such 
a generating outfit is ten to fifteen per cent. less than an 
equivalent reciprocating engine; the vibration is not at all 
excessive. The paper closes with a number of boiler, economy 
and motor tests. 


There is no doubt that the alternating current is gaining in 
favor over the direct current in electrical distribution and 
would make more rapid strides were it not for lack of speed 
control features. A paper by W. L. Slichter upon alternating 
current motors for variable speed is therefore of considerable 
interest. 

The speed of an alternating current motor may be con- 
trolled in a number of ways: 

(a) By varying the potential applied to the primary of a 
motor having a suitable resistance in the secondary. 

(b) By varying the resistance in the secondary circuit. 

(c) By changing the connections of the primary in a man- 
ner to change the number of poles. 

(d) By varying the frequency of the applied voltage. 

The characteristics of the alternating current motor are 
very similar to those of the continuous current shunt motor 
—that is, at a constant impressed voltage and frequency the 
speed tends to be constant, and a considerable change in load 
will not cause an appreciable change in speed. As the load 
increases, the speed drops gradually to a critical point, usually 
about 15 to 20 per cent. below the normal value, and then 
the motor breaks down completely if the load is any further 
increased. The same action occurs exactly if the load is kept 
constant and the voltage is decreased. But if the frequency 
of alternation of the impressed voltage is decreased, the speed 
will decrease in exactly the same proportion. Mintatetse Lor 
a given frequency and a given number of poles in the motor, 
the speed is practically fixed and independent of all other 
effects. 

The one exception to this last rule is the effect of the resist- 
ance (or losses) in the secondary (usually the rotating) mem- 
ber. 

The drop in speed from the synchronous value is directly 
proportional to these losses. Thus, by increasing the resist- 
ance of this circuit, any desired speed may be obtained at 
the expense of these losses. With the increased resistance, 
the speed at which the motor breaks down may be reduced to 
a very low value, even to zero speed. Thus, by reducing the 
voltage applied to the motor for a given torque, the effect is 
produced of overloading it, and the speed drops. 
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Of the various methods of speed variation, the changeable 
pole and variable frequency methods are the most efficient, 
but do not permit of a variation through a wide range of 
speed. The rheostatic control is the simplest and easiest 
of control, giving a range from standstill to full speed, but is 
not as efficient as the first two, although more efficient than 
potential control. The last mentioned has the disadvantages of 
low efficiency and considerably increased heating in the 
motor itself, and is also unstable at low speeds, say below 
one-third speed. That is, a small variation in torque or a 
smaller variation in voltage will cause a considerable varia- 
tion in speed. ? 

The potential control is used where moderate variations in 
speed are wanted, not reaching to less than half speed for 
instance, and where the load is intermittent, not giving the 
motor a chance to get too hot. Its great disadvantage is the 
amount of current it takes at starting, which causes consider- 
able disturbance in the supply circuit, flickering of lights, etc. 


Mr. A. H. Eldredge, an occasional contributor to MACHINERY, 
has two short papers, one describing a hot well of special 
design, which also served as a very efficient oil extractor; 
and the other on the desirability of positive governor drives 
for Corliss engines. The first shows that a hot well, properly 
proportioned, will extract the oil discharged in the exhaust, 
through the condenser, on the principle of the oil rising to 
the surface and draining off at the top, while the feed water 
is pumped out at the bottom. The second paper describes 
two governor drives, one by means of shafts and gears and 
the other by means of a Morse rocker chain, which had dis- 
placed unsatisfactory belt drives and caused the engines to 
run much better than they had previously. 


Prof. D. S. Jacobus summarizes the results of tests on a 
Rice and Sargent cross-compound engine, having cylinders 
20 and 40 inches by 42 inches stroke. The clearance for the 
high-pressure cylinder was 4.7 per cent. and of the low-pres- 
sure, 7 per cent. There was a reheating receiver and the 
cylinder heads were jacketed. The water consumption per in- 
dicated horse power per hour varied from 12.10 pounds at 
627.4 horse power to 12.75 pounds at 1,004.3 horse power. At 
491.4 horse power the water consumption was 18.92 pounds, 
and at 339.7 horse power it was 14.58 pounds. These figures 
represent the total water consumption, including that used by 
the jackets and reheater coil. 


The balance of the papers are either somewhat out of the 
field of Macuinery or else are of such a character as not 
to be susceptible of condensation in the form of an abstract, 
and their titles are given herewith: A Drawing Office Equip- 
ment, by John McGeorge, of the Wellman-Seaver-Morgan 
Plant, Cleveland; Test of a Hydraulic Elevator Plant, by R. 
P. Bolton; Rational Train Resistance Formula, by John B. 
Blood; Turbine Flow Recorder (already described in a 
previous number of MACHINERY), by Chas. M. Allen; Some 
Data on Hoisting Hooks, by John L. Bacon; Strains Produced 
by Excessive Tightening of Nuts, by A. Bement; Indicating 
Anglemeter, by C. E. Sargent; Graphical Daily Balance to 
Manufacture, by H. L. Gantt; Shop Management, by Fred W. 
Taylor; The Machine Shop Problem, by Chas. Day; Experi- 
ment Boiler of Ohio State University, E. A. Hitchcock; Me- 
chanics of Air Brake Systems, H. G. Manning; Comparative 
Oil Tests, W. F. Palish; Test of Eight-Foot Fan Blower, by 
R. P. Bolton. 

* * * 

A correspondent to the Scientific American announces a 
wonder of wonders, being no less than the discovery of how to 
always have a sharp razor. His plan is to always strop his 
razor while as hot as it can be made by dipping in boiling 
water, and to use it when cold. The theory advanced is the 
somewhat fanciful one that the contraction of the edge makes 
it appreciably keener. In this connection it may be men- 
tioned that it is considered bad practice to place keen-edged 
tools like razors, surgical instruments, ete., in boiling water 
for any great length of time as the edge is thereby dulled. 
Therefore, never boil your razor. 
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CURRENT EVENTS, TECHNICAL AND MECHANICAL—LEADING ARTICLES OF THE MONTH. 


The new Fisk street power station now building in Chicago 
for the Chicago Edison Station, is planned for 14 Curtis ver- 
tical steam turbines direct-connected to General Electric gen- 
erators of 5,000 kilowatt capacity each. The present structure 
is being built for only four turbines, but the extension for the 
other ten can be made in harmony with it when required, or 
if the turbines are found unsuitable, a slight change will per- 
mit the installation of reciprocating engines. The boiler house 
is arranged in units, each containing eight Babcock & Wilcox 
boilers to supply two turbines, having 5,000 square feet of 
heating surface and carrying a pressure of 175 pounds. The 
steam is to be superheated to 150 degrees above that normal to 
its pressure. The nominal boiler rating for each turbine is 
4,000 boiler horsepower. 


A recent computation has placed the total aggregate power 
of steam turbines in use or under construction or ordered in 
different parts of the world at over 500,000 H. P. Of this 
total the major portion is used or to be used for the driving 
of dynamos, alternators, or other electrical machinery, while 
the next in importance is marine engines. The Metropolitan 
District Railway Co., London, England, have recently con- 
tracted with the British Westinghouse Electric & Mfg. Co. for 
four turbo-alternators. Each of these machines is designed 
for a normal capacity of 5,500 kilowatts, but will be capable 
of carrying an overload of 50 per cent., giving for each unit 
a maximum output of 8,250 kilowatts, or about 11,000 E. H. P. 
These turbines will be not only the largest steam turbines 
ever made, but also the most powerful single cylinder engines 
of any type whatever in the world. Very few multiple cylin- 
der engines existent have greater power. Notwithstanding the 
enormous power they will develop, the dimensions of thesé 
engines are only 29 feet in length, by 14 feet wide, by 12 feet 
high, the over all length of turbine and alternator being 51 feet 
9 inches. The steam pressure will be 165 pounds per square 
inch, and the speed 1,000 R. P. M. 


The American Shipbuilder describes what will be the largest 
river steamboat in the world—the ©. W. Morse now building 
at the shipyard of Harlan & Hollingsworth, Wilmington, Del., 
for the People’s Evening Line, to ply on the Hudson River be- 
tween New York and Albany. The new vessel will closely 
follow the lines of the Adirondack, but will be larger in 
every way, the length being 430 feet and breadth over guards, 
96 feet. The hull will.be constructed of mild steel as will be 
the deckhouse up to the saloon deck. The motive power 
will be a W. A. Fletcher & Co. walking-beam surface condens- 
mg engine of 4,500 horse power connected to Morgan feather- 
ing paddle wheels. The fittings of the staterooms and saloons 
have many up-to-date features that will enhance the beauty 
and elegance of a floating palace, and conduce to the comfort 
and pleasure of passengers. An entirely new feature on 
Hudson River boats will be introduced on this vessel, and 
that is outside ventilation for all staterooms. All the state- 
rooms will be furnished with iron and brass bedsteads which, 
in the better rooms, will be double width, giving, with the 
other appointments, all the comfort and luxury of a first-class 
hotel. The new vessel will be launched in June and will be 
ready for service with the opening of the season in 1904. 


In a paper read by Alex. Dow, before the National Electric 
Light Association, at Chicago, May 26-28, a comparatively 
new means of utilizing the exhaust steam of electric light and 
power stations, was referred to; that is to evaporate brine, salt 
thereby being made a by-product. In Michigan near Detroit 
exist extensive salt beds and this condition has led to the in- 
novation outlined in the paper—the manufacture of salt as an 
adjunct to a power station. The possibilities of this scheme 
seem to promise more than the use of exhaust steam for heat- 
ing. When used for the latter purpose there is a demand for 


it only during the winter months; the salt making may go 
on the year round, and if any emergency arise its use can be 
suspended without raising a public clamor. It is pointed out 
that if electric power can be made sufficiently cheap, and the 
cost during the daylight hours be regulated to stimulate a 
demand for it at that time and reduce the peak of the load, 
there will undoubtedly be in almost any community, especially 
one like Detroit, a demand for power throughout the whole 
twenty-four hours. Now a salt-making plant can be profitably 
utilized to absorb the heat in the exhaust steam and the 
returns from the salt sold will, it is claimed, wipe out the 
cost of the coal. 


In a paper read by A. D. Williamson on the application of 
electricity at the works of Vickers Sons & Maxim, before the 
Institution of Electrical Engineers, May 7, the author dis- 
cussed the problem of variable-speed motors. He said that 
the subject had received much attention within the past few 
years, and that there is now no difficulty in making efficient 
motors that can be varied with a range of 3 to 1 by varying the 
field excitation. A range of 3 to 1 seems to be about the most 
economical one for motors of fair size, say, from 250 to 750, 
or 300 to 900 revolutions per minute for motors from 5 to 30 
horse power. The firm above mentioned are building motors: 
which work sparklessly with fixed brushes with a speed varia- 
tion of 3 to 1. In connection with this portion of the paper a 
novel application of the variable-speed motor was mentioned 
which is used in the same works. A portable vertical planer or 
slotting machine is driven by a 5 brake horse power motor 
with a range of speed from 300 to 900, the motor being attached 
direct to the machine. On the cutting stroke the motor runs at 
its slowest speed, and at the end of the stroke, the length of 
which is easily adjusted to suit the work, the motor reverses 
automatically. As soon as the reversal has occurred a resist- 
ance is automatically inserted in the field winding, quickly 
raising the speed to 900 for the return stroke. At the end 
of the quick return stroke, immediately before reversal, the 
field resistance is short-circuited, providing a strong field for 
reversing in, and the motor reverses and makes its slow cutting 
stroke, the cycle repeating itself. The insertion and removal 
of the field resistance necessitates a special form of switch, 
which is provisionally protected and cannot at present be 
described in detail. The arrangement has been in use for: 
some time successfully, and it is anticipated that it will be of 
great use in driving many types of reciprocating machines, 
In actual practice it is found that this method of driving is. 
very economical and possesses advantages over the usual belt 
reversing drive, as the excess current at reversing can be re- 
duced to a negligible quantity. 


COOLING AN AUDITORIUM BY AIR PASSING OVER ICE. 

As the hot weather comes on, any method by which swelter- 
ing humanity can keep cool when the mercury is in the 
nineties, must be of interest, especially if they must, attend 
crowded entertainments. A paper was read by John J. Harris 
at Atlantic City, N. J., before the American Society of Heat- 
ing and Ventilating Engineers in which he described a method 
by which an auditorium at Scranton, Pa., has been cooled 
during the commencement exercises for the past two years, by 
forcing air over racks of ice. The moisture was controlled 
by the use of calcium chloride, The auditorium which has 
a seating capacity of 900 was kept at a temperature of 76 
degrees with the outside temperature at 90 degrees, and 
that when the room was crowded with 1,400 persons. The 
size of the room is 80x 80x 20 feet high, and the amount of 
ice melted averaged about 13,000 pounds for each of the three 
nights of the exercises. The fans delivered 3,000,000 cubic 
feet of air per hour through the ducts and over the racks 
upon which the ice was laid. A plenum fan and an exhaust 
fan were used to create the circulation. The racks were built 
with five shelves consisting of slats through which the air 
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currents could freely circulate. The calcium chloride was 
disposed in shallow pans having perforated bottoms so that 
the accumulated moisture could drain off readily, and in 
this connection it should be mentioned that the calcium 
chloride must be chemically pure in order to be effective in 
removing the moisture from the air. 


The movement is now well under way for a memorial to 
commemorate the first successful iron works in America. The 
memorial is to take the form of a monument to be erected 
in Taunton, Mass., where the first iron masters, James Leon- 
ard and Henry Leonard, started in business in 1653. The 
remarkable development of the iron industry in recent years 
and the interesting history of its establishment in this coun- 
try have caused iron men to be deeply interested in the 
project. The initial steps in the matter were taken at a meet- 
ing of the Old Colony Historical Society, held in the city of 
Taunton. The descendants of the first successful iron mas- 
ters who started in business in Taunton in 1653 were called 
together under the auspices of this society, and as a result 
of that meeting an executive committee was appointed for 
the purpose of securing funds and superintending the erec- 
tion of a memorial to mark the introduction of this great in- 
dustry in America. 

The design for the monument is by Charles Henry Nie- 
haus, the eminent sculptor. There is to be a shaft of granite 
75 feet high, at the base of which are sculptured figures, 
representing the rugged pioneers of the iron industry. The 
shaft will be topped with an electric star as the symbol 
of the Light of Industry. There are to be legendary figures 
of heroic size placed at the four angles of the monument 
representing four of the Greek gods, among them being 
Vulean. The design is pronounced by those who have seen 
it in the sculptor’s studio to be in every way worthy of the 
subject which it commemorates. 


AIR-PUMP EXHAUST. 
American Electrician, June, 1903. 


In an article on steam plant auxiliaries Mr. Henry C. Meyer, 
Jr., expressed the opinion that it is poor practice to connect 
the air-pump exhaust to the condenser in order to give the 
steam cylinder of the air-pump the benefit of the vacuum, pro- 
vided there is not sufficient exhaust steam from the other 
auxiliaries to heat the feedwater to about 200 degrees lpeuar db ok 
such cases it is much more economical to use the air-pump ex- 
haust for heating the feedwater than to turn it into the 
condenser. In the first case nearly all the heat is returned to 
the boiler with the feedwater, but if turned into the condenser 
most of it goes to waste with the air-pump discharge. 


RE THE METRIC SYSTEM. 
Electrical World and Engineer, June 13, 1903, p. 1,005. 


In the days of old Rome, all numerical values, and therefore 
all quantities, such as sesterces, talents, sheep, or oxen, were 
written down in Roman numerals. The addition or multiplica- 
tion of quantities thus symbolized was a task of relatively 
tremendous magnitude. Even the professional clerks, trained 
to the yoke, had to employ the abacus to help them. The 
labor wasted in the Roman system by the community aggre- 
gated a heavy tax. The Arabic system of numerals, which is 
now international, came to the Roman empire from the East. 
It offered enormous saving of labor, and rendered all weigh- 
ings, measurements, records, and bookkeeping much easier. 
Every man could reckon for himself. But the Arabic system 
was only introduced after a long and protracted struggle 
against the fanaticism of the “sweating calculators” who op- 
posed the innovation by every means in their power. In Eng: 
land at this date there appear to be very many intelligent 
men who oppose the introduction of a decimal currency such 
as ours, and advocate the retention of their ridiculously 
cumbersome and labor-creating system of pounds, guineas, 
shillings, florins, crowns, half-crowns, sixpences, threepenny 
bits, pence, half-pence, and farthings. The arguments they 
offer bear a gruesome likeness to those which are offered by 
the anti-metric system conservatives in this country. 
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LOCOMOTIVE CRANKPIN GRINDING MACHINE. 
Engineering (London), April 17, 1908. p. 507. 


In article No. XIX. of the series “Grinding Machines and 
Processes,” Mr. Joseph Horner describes a locomotive crankpin 
grinding machine of the sun-and-planet order, made by Beyer, 
Peacock & Co., Manchester, Eng. In this machine the drivers 
are mounted on columns or brackets provided with vees at the 
top into which the bearings are firmly clamped. Adjusting 
screws are provided in the brackets for varying the height of 
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Special Grinding Machine. 


the drivers relatively to the grinder head at the right, and pilot 
centers on an outside bracket at the left and on the grinding 
head give means for exact adjustment. In this machine the 
emery wheel, of course, slowly revolves around the pin while 
it rapidly rotates on its own axis. Means are provided for 
varying the degree of eccentricity to suit pins of varying 
diameters, etc. The machine is said to do work of high pre- 
cision and excellent finish. 


HIGH PRESSURE GAS DISTRIBUTION. 

In a paper read by George F. Goodnow before the second 
annual meeting of the Wisconsin Gas Association, held in 
Kenosha, Wis., February 11-12, 1903, the author referred at 
length to the experience gained from the operation of a high- 
pressure gas distribution system in the town of Waukegan, 
Ill. The pressure carried is about twenty pounds per square 
inch, and regulators are employed at each lamp post and in 
each residence to reduce the pressure to that normally used. 
The reason for using high pressure is that much smaller 
distribution mains can be employed. Roughly speaking, a 144- 
inch pipe main will carry as much gas at a pressure of 20 
pounds as a 4-inch pipe at the ordinary low pressures; and 
a 2-inch high-pressure main as much as a 6-inch low-pressure 
main. If the pressure was 30 pounds the capacity would be 
at least 50 per cent. greater. The leakage is not perceptibly 
greater than with low pressure. A gas compressor is, of 
course, used for getting the high pressure. The success of 
this example of high-pressure distribution of manufactured 
gas (natural gas has been distributed under high pressure 
from the beginning) may lead to important developments in 
the general scheme of gas manufacture and distribution in 
great cities. If it is practical to convey manufactured gas 
through mains under high pressure, why cannot the gas be 
manufactured at the coal mines and conveyed to the market 
by pipes instead of being hauled there in the shape of coal by 
railroad cars? It is not too much to expect that one of the 
developments of the twentieth century will be the elimina- 
tion of the railway from the distribution of fuel to the eastern 
cities of the United States. 


REHEATERS AND SUPERHEATING. 
American Electrician, June, 1903. 

In an article on steam: engines for electric power stations 
Mr. George I. Rockwood says that it has not yet been demon- 
strated that superheated steam effects any real saving of 
coal. None of the plants of which we have heard so much 
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within the past five years, especially designed to use highly 
superheated steam, has shown anything like the economy 
of coal of the Atlantic Mills plant, although they have shown 
phenomenal reductions in the weight of steam used per horse 
power per hour. The superheating not only eats up all it 
saves, but it increases friction and wear, and adds heavily 
to the first cost and running expenses of the plant. In the No. 
4 mill of the Atlantic Mills referred to, at Providence, R. I., 
there is a small Corliss, compound, condensing, slow speed 
engine of about 500 horse power which gives one brake horse 
power on a coal consumption of 1.2 pounds per hour, and a 
steam consumption of 11.2 pounds per hour. That super- 
heating does not effect a practical saving when the cost of 
doing the superheating is taken account of, is shown by the 
tests of the Cooper-Corliss engine at the Atlantic Mills, both 
with and without steam in its receiver. With steam in the 
jacket pipes the temperature of the receiver steam was raised 
44 degrees above that normal to its pressure. No saving of 
heat whatever resulted, however, except the hot jacket drip 
that was returned to the boiler. The test proved, nevertheless, 
that a reheater increases the power of an engine without 
lowering its economy, the increase being about 12 per cent. 


HEATING AND VENTILATING THE MACHINE SHOP. 


Paper read by J. I. Lyle, of the Buffalo Forge Co., before the 
New York Railroad Club. 

The fans installed in hot blast heating systems differ very 
materially in their design. Two types of fans are used for 
heating; the disk or propeller type, and the centrifugal or 
steel plate type. The latter is used almost exclusively, as 
the disk fans, except for very small installations, have not 
been a success. With the centrifugal type of fan, the most 
economical results for heating are obtained when running the 
fan in coldest weather at a speed so the periphery of the 
wheel will travel at a velocity of approximately 4,500 to 5,200 
feet per minute. In no part of the fan system design does 
practice differ so greatly as in construction and location of 
the hot air ducts. Several schemes are used, the most com- 
mon being to construct the ducts of galvanized iron and to 
carry the horizontal runs overhead through the truss work, 
with warm air outlets spaced from 15 to 40 feet apart, these 
outlets being placed from 8 to 20 feet above the floor. 

In the early installations the idea was to distribute very 
thoroughly, through ducts running practically all over the 
shop, a relatively small volume at a high temperature and to 
discharge it 6 feet or 8 feet above the floor and direct it so 
it would blow on the workmen. This practice resulted in 
much adverse criticism of the fan system, as the workmen in 
the line of the discharge were given colds and would be over- 
heated, while those not in the direct path would not be 
heated sufficiently. The later practice for large shops has 
been to use large volumes of air at rather low temperatures 
and to use much shorter pipes and to allow the air to travel 
freely in the building for some distance. The outlets are 
usually from 10 feet to 20 feet above the floor. In this design 
advantage is taken of the fact that the warm air discharged 
high up travels toward the walls where it is cooled and 
becoming heavier falls to the floor; thus the walls assist the 
circulation. The direction of the winds largely determines the 
coldest side of the building and as the temperature of the 
wall will control to a certain extent the air currents, the 
coldest wall will cool the greatest amount of air, consequently 
the more air will be drawn in that direction. With the older 
installations of thorough distribution this was not accom- 
plished so well and generally one side of the shop would 
be better heated than the other, Another advantage in plac- 
ing the outlets high is that no air currents are felt by the 
occupants on the floor. Heating plants in machine shops are 
in successful operation now where the air is discharged 100 
to 175 feet from the ends of the buildings, and in foundries 
it is blown as far as 250 feet. , 

Masonry or concrete ducts placed under the floor with 
stand-pipes located at intervals and extending above the floor, 
from 8 to 12 feet are in many cases used. In the Brown 
Hoisting Machinery Co., Cleveland, O., shops, the under- 
ground concrete duct is used and connected to the hollow 
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steel columns supporting the building, which are used for 
the risers, discharging the air about 4 feet above the floor. 
In the Philadelphia & Reading shops, at Reading, Pa., no 
distributing pipes are used, but the hot air is discharged 
from the fan into the building overhead and the air returned 
to the apparatus by means of underground ducts with open- 
ings at the floor line and distributed through the shop. 

The velocities of the hot air in the main ducts leading 
from the fans should never be greater than 2,500 feet per 
minute, and this velocity should be reduced gradually in the 
different branches so that the air is discharged from the 
outlets at from 800 to 1,200 feet per minute. Where the out- 
lets are high, as in large buildings, 1,200 feet per minute can 
be used without any objectionable results; but where a thor- 
ough distribution is desired, and the outlets are placed 
within 6 or 8 feet from the floor, the velocity of air from the 
outlets should not be greater than 800 feet per minute. 

In any shop installation, provision should be made for recir- 
culating the air, and for the use of cold fresh air from the 
outside of the building. Occasionally it is found that a build- 
ing can be heated easier by using part outside air and part 
return air than to use all return air. This is accounted for 
in the following way: Where the fan is blowing into and 
exhausting from the building, as in recirculating, the pres- 
sure maintained in the building is not greater than the out- 
side. so the leakage of air around windows, doors, and crevices 
may be very great, while by the use of a part of fresh out- 
side air a slight pressure can be maintained and to a large 
extent prevent this inward leakage. In either case cold air 
will of course be entering the building, but in the latter case 
the outside air will pass through the heater where it can be 
heated more economically and easier than by mixing it with 
the heated air in the building as it leaks in. In some cases 
it is found difficult to maintain uniform temperature through- 
out the buildings when using entirely return air, because it is 
difficult to keep the lower strata of air along the floor suffi- 
ciently warm, owing to leakage, though in the upper part of 
the building the temperature may be as high as 80 or 85 de- 
grees. Because of the influence of local conditions, fan 
makers hesitate to give out data about their apparatus. The 
capacity of the steel plate centrifugal exhaust fan (inlet on 
one side only) when running under “free delivery” will be 
given approximately, however, by the formula: 


C=1.57 D?’WR. 


In which C=capacity in cu. ft. per minute. D—diameter 
of blast wheel in feet. W=width of the blast wheel at the 
periphery in feet. R— R. P. M. 

By “free delivery” is meant to set the fan in the room and 
simply draw the air into the inlet and discharge into the same 
room without any piping, thereby avoiding ducts with the 
attending friction, other than the air passing through the fan. 

In factory buildings where short pipes of rather large 
diameter are used, thus reducing the friction, the formula 
C=1.25 D?’WR will be found to be approximately correct. 
With long ducts terminating into many small outlets, the 
capacity will reduce from 10 per cent. to 20 per cent. as given 
by this last formula. 

The delivery or capacity of a fan within the limits used 
in heating, varies directly as the speed of the fan. In a good 
installation with the fan running with a peripheral velocity 
of 5,200 feet per minute (approximately 1 ounce pressure with 
air at 62 degrees), from 2,200 to 2,500 cubic feet of air per 
minute will be delivered per horse power expended. 

By proportioning the fan to meet the severest conditions 
of weather, say zero or colder, then in moderate weather of 
20 degrees to 25 degrees above zero the fan will do the work 
easily at three-fourths the speed, the delivery varying with 
the speed; and the horse power will be reduced more than one 
half, giving 3,850 to 4,300 cubic feet of air delivered per 
minute per horse power. As the number of zero days during 
the winter are comparatively few, it will be found in the 
majority of cases that the cost of power to run the fans on 
such days at one ounce pressure is less than the interest on 
the increased cost of a larger fan designed to operate at a 
slower speed in the severest weather. 

As to whether a steam engine or electric motor is the 
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better for driving the fan depends upon the local conditions. 
If there is not sufficient exhaust steam to do the heating, an 
engine-driven fan is the more economical as its exhaust can 
be used. Fully 75 per cent. of the heat of the steam ‘sup- 
plied to the engine is available for heating, as the cylinder 
condensation and expansion will not amount to more than 25 
per cent. An engine-driven fan also has the additional ad- 
vantage of being independent of the electric plant; so the 
heating plant can be operated when the electric plant is shut 
down. Where electric current is constantly available to- 
gether with sufficient exhaust steam, an electric motor is the 
most convenient and economical, as it is probable the elec- 
tric generating units in such cases are large and consequently 
more economical than a small steam engine. [f the fan ap- 
paratus is placed very far from the source of steam supply, 
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the condensation in high pressure steam pipes necessary for 
an engine is an item well worth saving. Where engines are 
used it is better to have them direct connected, but belted 
electric motors are preferable because of the large and expen- 
sive motor necessary for direct connection on account of the 
slow feed of the fan. 

The curve shows the horse power required to move a given 
volume of air at different velocities or pressures. 


THE CONVERSION OF ALTERNATING INTO DIRECT 
CURRENT. 


Electrical Review, May 23, 1903. p. 208. 


A recent editorial in the Hlectrical Review describes the 
various methods of transforming alternating electric currents 
into direct currents. Briefly they are as follows: 1. The 
motor-generator in which an alternating current motor drives 
a direct-current generator, the two being coupled on the 
same shaft. 2. The rectifier which is a commutator driven by 
a synchronous motor. Since the synchronous motor keeps 
step with the alternating current generator from which it is 
supplied, the commutator also runs in step, so that by feeding 
the current by means of slip rings, the current impulses can 
be sorted out and supplied to the secondary circuit always 
in one direction, just the same as is done by the commutator 
of a direct-current dynamo. 3. The synchronous converter 
which is a synchronous motor fitted with a suitable commuta- 
tor, may act as an alternating current motor and as a direct- 
current generator, and it can do both at the same time. The 
alternating current is first transformed down to the proper 
voltage and then supplied to the machine through slip rings 
to drive it as a synchronous motor. From the same winding 
by means of the commutator a direct current may be drawn. 
4. Leblane’s converter is a peculiarly wound transformer 
connected to a stationary commutator upon which revolving 
brushes, driven by a small synchronous motor, press. 5. The 
electrolytic rectifier or electric valve depends on the property 
of certain metals in: solution, allowing current from them to 
flow in one direction freely, but presenting considerable 
opposition to flow in the opposite direction. Attempting to 
pass an alternating current through a series of such combina- 
tions will cut out every other half wave and transmit a series 
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of impulses all having the same direction. The opposite 
impulses may be sorted out in the same way and sent through 
the same circuit, thus giving a continuous direct current. 6. 
The Cooper-Hewitt mercury vapor converter is similar to the 
electric valve in that it allows the current to pass through it 
in one direction only. 7. The rectifying arc employs the re- 
pulsion of a magnet to an arc to separate the positive from 
the negative half waves. One electrode of an alternating 
current arc is split into two parts and insulated. The repul- 
sion of a magnet brought near causes one set of waves to pass 
to one half of the electrode and the other set to the opposite 
half. 


THE AMERICAN WORKMAN FROM THE ENGLISH 
WORKMAN’S POINT OF VIEW. 


Page’s Magazine (London), June, 19038. p. 532. 


The American workman as he appears to an English work- 
man is graphically sketched in a short article in which the 
writer tells in his own way the story of his experiences in 
American shops, and records his impressions of American 
workmen. His preliminary word about employers is a good 
illustration of the true proverb that ‘Familiarity breeds con- 
tempt.” “On first acquaintance,” he says, “American shops and 
America generally, have a charm for almost everyone, and it 
depends on a man’s temperament whether he falls permanently 
in with it or becomes hostile. I was struck favorably first with 
the genial and courteous manner of employers. Next I found 
they were always like it with strangers. Then I found they 
were practically on a level with the men, and expected to 
be spoken to in the same familiar way, and took it quite as 
a matter of course if their word was distrusted, or if they were 
abused or threatened.” 

The author’s impression of the men themselves was at first 
favorable. “It was evident that in some ways they were on a 
higher level than the English workman, and except that they 
worked harder and longer, it was not apparent in what they 
could be worse off. Sixty hours a week, after the English 
fifty-four, seemed very hard, although I was getting nearly 
double English wages. It seemed remarkable, too, that, a!- 
though the day was so long, and made worse still by dividing 
it into two long spells with only a more or less brief interval 
for dinner, that the work should be pursued diligently from 
the moment of starting until stopping time. The signs of hus- 
tle that I had expected were not noticeable, but even in the 
slowest shops there was practically no loafing. The general 
impulse seemed to be to turn out the work in the quickest and 
most straightforward way. Even with scarcely enough work 
in the shop, there seemed to be no holding back. Everyone 
made himself as comfortable as possible, but the work didn’t 
stop. If it suited a man to sit down at what he was doing 
he sat down, and often spent more of the day seated than 
standing. If he was hungry he could spread quite an elabo- 
rate meal on the bench and eat as he worked. He is particular 
about temperature, and, in spite of the enormous variations 
outside, most shops are kept about the same all the year 
round—rather warmer than most Englishmen like, but the 
American reckons to work comfortably with coat and waist- 
coat off when the weather is at its coldest outside. Outside 
workers take more pains to protect themselves, and in very 
severe weather stop work altogether where possible.” 

“The American workman’s standard of living is unquestion- 
ably higher than the English, and would remain so, even if he 
went in as much as the Englishman for beer. He eats less 
in quantity, and less frequently, and does not enjoy eating 
much, but there is more variety in his food. It costs about the 
same in England, but, no doubt, considerably more is spent 
on it. He dresses better, and lives in a better house. Com- 
paratively few men care to go through the streets from work 
with dirty faces and hands and clothes. In some cases they 
make an entire change night and morning in the shop, so that 
outside they are as well dressed as a business man. The time, 
however, during which they can appear like this is brief. As 
with work, so with relaxation. It cannot be taken in so leisure- 
ly a manner as here. Holidays have to be taken in a very 
sober fashion, for the custom is to have one day only at a 
time, and start promptly at the regular time next morning.” 
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CIRCULAR TOOL FOR TURNING HARD CAST ROLLS. 
Der Praktische Machinen Konstrukteur, April 9, 1903, page 66. 


Heinrich Stadler, of Turn, states that in the turning of the 
hard rolls of the machines it is a disagreeable experience 
that good hard turning steel will not stand up to the work. 
Consequently, much time is lost in the removal, grinding and 
replacement of the same. In order to remedy this trouble he 
has made an application of the circular cutter so extensively 
used in the paper industry. 

The arrangement used for this purpose is clearly shown in 
sketch at A and B, where it is shown set in a movable tool 
holder b, which is, in turn, held by a toolpost. At the same 
time the little wheel @ must be free to turn, while at work, 
upon its bolt. On the other hand, it is essential that it 
should stand still, except for the action of the side pressure 
due to the feed by which the rate of revolution of the wheel 
is regulated. 


Industrial Press, N.¥. 


Circular Turning Tool, 

_As with other tools, the wear of the wheel after a short 
time must always be taken into account, so that it should 
be crowded into the work to a corresponding extent. 

By the simultaneous use of two such wheels a remarkable 
increase of efficiency can be obtained. Furthermore the 
durability in service is from thirty to thirty-five times as 
great as with the standard form of turning tool. On the 
other hand, there is the disadvantage that heavy cuts cannot 
be taken. 

According to the author, the revolution of the wheel can be 
greatly facilitated if it is carried on ball bearings, as shown 
at C.—G. lL. EF. 


THE MANUFACTURE OF SEAMLESS BOILER TUBES. 
Journal of the Society of Naval Engineers, May, 1903. 


In this article the author, Lieut. Newton Mansfield, refers 
to lack of endurance of boiler tubes in modern marine boilers 
carrying high pressures. Tests have been made on specimens 
of charcoal iron, cold-drawn mild steel, hot-drawn mild steel, 
and lap-welded steel boiler tubes immersed in distilled water 
through which air was percolated. These tests, made inde- 
pendently by officers of the United States Navy, showed that 
hot-drawn steel tubes free from millscale, showed the least 
corrosion, although the superiority over the cold-drawn and 
lap-welded steel tubes was not very marked. It was stated 
that nickel-steel having from 380 to 35 per cent. nickel is 
practically incorrodible, and has been used for some time 
in France for the boiler tubes of torpedo boats and destroyers. 
It is of prime importance that the interior of tubes be 
smooth and free from millscale, and as the use of this tub- 
ing is to be extensive in our navy in the future, the process 
of manufacture by which this and other desirable features 
are obtained, is given at considerable length, from which the 
following is taken: 

The material is mild, open-hearth, basic steel taken from 
the bottom half of the ingots and received at the tube mill 
in round bars of from three to four inches in diameter and 
from eight to ten feet long, having an average tensile strength, 
52,400 pounds per square inch; average elastic limit, 30,400 
pounds per square inch, average elongation, 25 per cent. in 
eight inches, and average reduction of area, 56 per cent. The 
approximate chemical composition is: Carbon, .17 per cent.; 
manganese, .45 per cent.; sulphur, .025 per cent.; phosphorus, 
.01 per cent. 

The manufacture of the tube is comparatively simple, yet of 
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such a nature that none but the best product should finally 
reach the finished state. The process may be divided into two 
parts, viz: 

1. The hot treatment. 

2. The cold treatment. 


The Hot Treatment. 

The round bars of steel are heated to a cherry red in a closed 
gas furnace, and are sawed at this heat, by a circular saw, in 
length commensurate with the required length of the finished 
tube. These sawed lengths are not allowed to cool, but are 
immediately put into another closed gas furnace and heated. to 
a light-yellow heat. This second heating is gradual, the time 
required being from twenty to forty minutes. The distillation 
of bituminous coal is used as the gas for heating. The “bil- 
lets,” as the sawed lengths are now called, are placed in the 
coldest part of the furnace and rolled from time to time in 
the hottest part, so that every part of the billet may have the 
Same temperature. The billets upon reaching the required 
temperature are taken out and delivered to the piercing mill, 
the principle of which is shown in Fig, 1. 

The piercing mill consists of two disks of cast steel carried 
on the ends of two shafts whose center lines lie in the same 
horizontal plane, but slightly inclined to each other. The 
shafts revolve in opposite directions and make one hundred 
and twenty revolutions per minute. The faces of the disks 
may be brought nearer to each other or separated by adjust- 
ing screws to accommodate billets of different diameters. 

The billet in its yellow-heat temperature is laid on a small 
guide between the faces of the disks so as to bring the axis of 
the billet in the same horizontal plane in which the axes of the 
disks lie. The billet is then pushed by hand until its forward 
end takes against the revolving disks. The principle of the belt 
climbing to the high side of the pulley forces the billet on to 
the piercing point, which is shown in Fig. 1. 

The piercing point pierces the billet while the beveled sur- 
faces of the disks roll the pierced billet out smoothly as it 
advances over the piercing point. The piercing point and its 
mandrel are firmly supported so that the piercing point enters 
the center of the billet. This is not held rigidly in place, how- 
ever, but is allowed to revolve with the billet. Its rear end 
is held in a swivel amply strong to take the thrust of the 
advancing billet. After each billet is pierced, the piercing 
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Fig. 1. 


point and its mandrel are dipped in cold water to lower their 
temperature. (Both disks are constantly cooled by a stream of 
cold water.) The piercing point is made of the hardest steel. 
The piercing of a billet is a severe test of the homogeneous- 
ness of the material. 

The range of temperature within which a billet must be 
pierced is very small. If the metal is too cold, the billet is 
sometimes torn or will stop the mill; or if too hot, the result- 
ing tube may be very rough and contain injurious spiral 
twists. If the temperature is just right and the billet is in 
every respect a good one, it goes through the mill smoothly, 
coming out with a central longitudinal hole, fairly smooth 
on the inside and carrying considerable millscale on the out- 
side surface. 

The billet is now about twice its original length. It is not 
allowed to cool, but is passed immediately through the rolls. 
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The rolls are the ordinary cast-iron rolls used in steel mills, but 
as the tube is rolled it is made to slide over a mandrel, whose 
point is held between the rolls. Should the “tube,” as it is now 
called, cool too much for rolling, it is placed in a convenient 
furnace to receive the proper heat, but this is not done except 
in very long tubes that cannot be rolled with the one heat of 
the piercing mill. The tube is given from four to eight passes 
through the rolls, care being taken that the tube is turned 
through about ninety degrees after each pass, in order that the 
walls may be rolled of even thickness. The tube is now about 
four or five times the length of the original billet and has a 
wall of about one-quarter inch in excess of the required thick- 
ness in the finished tube, while the excess in diameter over the 
finished tube is about one-half inch. There is little or no mill- 
scale on the inside, but considerable on the outside. This 
ends the hot treatment. 


The Cold Treatment. 

The tube, coming from the rolls with a fairly smooth sur- 
face on the outside and a smoother surface on the inside, is 
allowed to cool to the temperature of the air. It is then 
pointed. This is done by heating one end of the tube for a 
length of about one foot and crushing from six to eight 
inches of this: heated end in a pneumatic hammer, forming a 
point so that the end of the tube may be started through a 
die of smaller diameter than the tube. This die is shown in 
Fig. 2. This point serves as a gripping surface for the pliers 
which pull the tube through the die. 


f MANDREL~, 
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industrial Press, N.Y. 
Fig. 2. 


The tube, having been pointed, is taken to the pickling room 
and immersed in a hot, though weak, solution of sulphuric 
acid. This pickling removes the scale. After this immersion 
in the bath of hot sulphuric acid the tube is immersed in a 
bath of fresh water which washes away the loosened scale. 
The tube is then immersed in a mixture of tallow and paste, 
the paste being made of flour and hot water. This last opera- 
tion, is called “dopeing.” After ‘dopeing” the tube is dried 
for about five minutes in a hot oven. The tube is now ready 
for the cold-draw bench room. 


The Cold Drawing. 

The principle of the draw bench is shown in Fig. 2. The 
tube at its pointed end is closed, but the other end is open. 
Into the open end the mandrel is shoved until the mandrel 
takes against the pointed end on the inside of the tube. The 
mandrel is carried on one end of a long rod, the other end of 
which is secured to the draw bench to hold the mandrel in its 
proper position relative to the die. The pointed end of the 
tube with the mandrel on the inside is now passed into the 
die and the drawing pliers are made to grip the point. They 
work on the principle of ice tongs. Toes on the pliers engage 
in an endless sprocket chain which, traveling at the rate of 
ten feet per minute, slowly draws the tube through the die. 
The tube having passed through the die is reduced in diameter, 
being reduced in thickness and lengthened about 20 per 
cent. Both inside and outside surfaces are smooth, almost 
polished. 

The effect on the tube undergoing the process of cold draw- 
ing, is good evidence of the quality of the material. If the 
material be of meager ductility the tube will tear in two, and 
if the material be not homogeneous, it will show in the sur- 
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face as spongy spots, checks or small transverse tears. It will 
be noticed that the mandrel in Fig. 2 has no side support 
other than the metal of the tube. By reason of this, hard 
spots easily displace it in drawing which shows up on the 
inside surface. The tube is always drawn beyond its elastic 
limit. After the tube has made one pass on the cold-draw 
bench it is annealed in an open furnace which uses the distil- 
lation of bituminous coal as a source of heat. The tempera- 
ture of annealing is that of cherry red, but may be so regu- 
lated as to affect the ductility and tensile strength within 
certain well-known limits. The tube having reached the re- 
quired temperature is taken from the oven and allowed to 
cool in the air, after which it is again pickled and immersed 
in the mixture of ‘dope,’ and dried. It is now ready for a 
second pass on the cold-draw bench. 

The number of times a tube is drawn on the cold-draw bench 
depends on 1, the thickness of the wall of the finished tube; 
2, the tensile strength of the material of the tube; 3, the ten- 
sile strength of the rod holding the mandrel in its relative 
position to the die. 

It is seen that in the cold drawing the pliers tend to pull 
the tube apart at the die, causing a tensile stress at the die 
which must be resisted by the tensile strength of the material 
in the tube. The ability of tubes to resist this tensile stress is 
manifestly greater in tubes of thick than thin wall, consider- 
ing the area of the cross section of the tubes as resisting sur- 
face. It must not be forgotten that, as the tube is drawn 
through the die, and the metal is “sunk” around the mandrel, 
the friction between the inside of the tube and the mandrel 
tends to pull the mandrel through the die. This is resisted by 
the tensile strength of the mandrel rod. 

In reducing a tube from a larger to a smaller diameter and 
from a thicker to a thinner wall, it must be borne in mind 
that required reduction must not be obtained by a pull equal 
to the tensile strength of the tube; and, further, the friction 
between the inside of the tube and the mandrel must be less 
than the elastic limit of the mandrel rod. If these two con- 
ditions are fulfilled the tube may be drawn safely. 

Large tubes of thick wall, therefore, do not require so many 
passes on the draw bench as tubes of smaller diameter and 
thinner wall. For instance, the 2-inch, 8 B.W.G. that are now 
being manufactured for the boilers of our ships receive but 
two passes on the cold-draw bench. In the first pass the diam- 
eter is reduced from 214 inches to 2 3-16 inches, while the wall 
is reduced from 5-16 (.3125) inch to 7-32 (.21875) inch. The 
second pass further reduces the diameter from 2 3-16 inches 
to 2 inches and the wall from 7-32 (.21875) to 8 B.W.G., or 
165 inch. 

A tube of 1 inch diameter and 11 B.W.G., as is used in the 
boilers of our torpedo boats, requires at least five passes. The 
reductions of diameter are from 1% to 1%, 1%, 1 3-16, 1\, 
and 1 inch respectively, while the five passes reduce the thick- 
ness of the wall at the same time to the following dimensions, 
viz.: from 14° (.25) to 7-82 (.21875), 3-16 (Ci875)5) toe 
(.171875), 5-32 (.15625), and 11 B.W.G. (120) %inceh Then 
follow inspection, hydraulic test under 1,000 pounds pressure, 
retort annealing and final inspection. 
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In his engineering reminiscences, now being published in 
Power and the American Machinist, Mr. Charles T. Porter re- 
fers to his experience in introducing the Richards steam en- 
gine indicator, which eventually supplanted the McNaught and 
Hopkinson indicators then in use (1863). It was earnestly 
desired that the new instrument should be so accurate and 
generally reliable as to command the respect of the engineer- 
ing fraternity,as much depended upon the result of the venture. 
The problem of making the cylinders of the indicators so that 
each should have a diameter of .7979 inch, giving an area of 
.50 square inch, was solved by having a steel mandrel 20 inches 
long ground by the Whitworth Co. exactly parallel and to the 
internal diameter required for the cylinders. Brass tubes 
slightly larger in diameter which had been carefully cleaned, 
were drawn down on this mandrel. When pressed off they 
presented an internal surface, perfectly smooth and true to 
gage. The tube was then sawed up into lengths of about two 
inches for each cylinder. 
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HIGH-SPEED LATHE WORK. 
Abstract from paper read by H. M. Norris before the Cincinnati 
Metal Trades Association. 

The gist of this paper is that a great range of cutting speed 
in an ordinary engine lathe which is to be used on a certain 
class of work, like shafting, that does not vary greatly in 
diameter, is not well adapted to getting the maximum et- 
ficiency from the best high-speed steels. In Cincinnati most 
of the machine tool builders are specialists and they put 
through their work in large lots. It is quite essential that 
each operation should be performed at the maximum speed 
the material will permit, as whatever percentage of time can 
be saved on one piece, can be saved on the entire lot. The 
question is asked: How can the greatest amount of metal be 
removed by a Novo tool in the most economical manner? 

If a shaft is to be reduced % inch, should it be done in 
one cut or in two cuts? Should we use a fine feed or a 
coarse feed? Should we operate at a periphery speed of 150 
feet or at 300 feet? The tool will stand so much and no 
more. What is this “so much?” Is it reached at a speed of 
10 feet less than that at which the tool is ruined, or at a 
speed of 20 feet less?’ It ig probable that the lasting qualities 
of a tool depend upon the amount of heat that is generated 
at its cutting edge. If this is true, it is also probable that 
the life of the tool is shortened with every increase in either 
speed, feed or depth of cut. But which generates the more 
heat—a deep cut under a fine feed or a shallow cut under 
a coarse feed? If we can settle this point 
the question will resolve itself down to a 
matter of periphery speed. Of course the 
tools will vary, so willalso the material upon 
which they operate; but by making all the 
tests upon shafts cut from the same bar, and 
repeating each three times with different 
tools, we should be able to obtain a line on 
at least one of the laws that govern high 
speed cutting. This, then, is obviously our 
starting point, and inasmuch as the average 
run of our work will not permit our taking 
a cut in which the cross section of the chip 
is greater than %& x 3-64 inch our test had 
best be confined to cuts of 1-16, 3-32 and \% 
inch in depth by 1-64, 1-32 and 6-64 inch in 
thickness. The question, therefore, is to find 
the maximum speed at which the tool will 
operate under each of these cuts. How can 
this be determined? If we had a sufficiently 
powerful variable speed countershaft the 
speed could be increased as the cut ad- 
vanced; but how would we know at what speed we were run- 
ning at the moment the tool gave way? We know that on 
some work a Novo tool will stand a speed of 180 feet; so we 
might run a minute at 190, another minute at 200, and an- 
other at 210, etc., but the cuts would hardly be of sufficient 
duration to prove much. Then, too, having 27 tools to ruin, 
it would consume too much time. But what is the objection 
to operating on a conical shaft? The tools will probably be 
destroyed at a Speed between 200 and 400 feet. This means 
that the large end of the Shaft would have to be twice the 


TABLE I. CUTTING SPEEDS. 


1 | 2 3 4 
Feeds. et | ab or Average 
Cut. | 
qe 326 320 381 342.3 
f 425 360 327 370.6 
sc 339 | 354 330 ~ 341. 
1 Average 363.3 344.6 346 351.3 
ae 326 230 - 262 272.6 
se 368 268 209 281.6 
ss 332 285 227 281.3 
2 Average 342 261 232.6 278 5 
yy 336 259 231 275.3 
xg 326 260 220 268.6 
#6 310 "267 240 272.3 
3 Average 324 262 230.3 272.1 
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TABLE II. CUBIC INCHES OF STOCK REMOVED. 


1 2 3 4 


Feeds. ot ab a Average 
Cut. 
78 3.822 7.502 13.40 8.241 
“ 4,982 8.440 11.50 8.307 
5 3.974 8.299 11.60 | 7.957 
1 Average 4,259 8.080 | 12.166 8.168 
aor | 6.782 8.089 13.821 9 214 
oe 6.471 9,425 11.025 8.973 
“s 5.838 10.023 11.975 9.278 
2 Average 6.013 9.179 12.278 9.155 
ig 7.8785 12.144 16.274 | 12.089 
ic | 7.648 12.192 15 474 11.769 
ue 7.268 12 52 16.88 12,222 
3 Average 7.597 12.285 16.203 12.0069 


diameter of the small end. If the length is kept within 24 
inches we can use a taper attachment. 

Six taper shafts were made from the same bar of steel and 
tested in the manner outlined. Table 1 gives the cutting 
speed at the moment the point was destroyed, and Table 2 
gives the cubic inches of steel being removed at the same 
time. Tests made under water showed an average of less than 
10 per cent. increase of speed, which is regarded as a distinct 
advantage, considering the trouble we would be put to if it 
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American Tool Works Co.’s High-Speed Lathe. 


could be demonstrated that water greatly increased the 
efficiency of the tool. Some of the conclusions reached by the 
tests are summarized as follows: 

1. That a tailstock center made of Novo steel is much 
longer lived than the centers furnished by the manufacturers. 

2. That after a tool has been burned its end should be cut 
off at least a 16th inside the burnt portion. 

3. That white chips do not indicate that a tool is operating 
at less than its maximum speed. 

4. That each successive cut on a shaft permits of a higher 
cutting speed than the previous one. 

5. That while water may be beneficial as a check on the ex- 
pansion of work its other advantages are too slight to warrant 
our using it in general practice. 

6. That until such time as means are devised for compen- 
sating for the expansion of the work it is inexpedient to oper- 
ate on the average grade of steel at a speed greater than 175 
feet per minute. 

Next in order for consideration is the question of how to 
avail ourselves of the high efficiency of these tools. None 
of our shafting is larger than 4 inches, and little of it smaller 
than 1 inch, so if a cutting speed of 175 feet per minute is 
the maximum speed at which we should attempt to operate, 
it will be unnecessary for the lathe spindle to run faster than 
668 revolutions per minute or slower than 167 revolutions per 
minute, 

It is possible to so grade the speeds between these limits 
that by employing 12 speed changes none will be so much as 
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10 per cent. lower than the desired speed of 175 feet per 
minute. These speeds are obtained by means of a three-step 
cone, with diameters varying only by small amounts and a 
back-gear ratio of 2.13 to 1, and a two-speed friction counter- 
shaft. 

Comparing such a lathe with one of ordinary pattern, hav- 
ing five steps ranging from 4 to 12 inches, and back gear 
ratio of 12.35 to 1, we find that the latter is entirely unsuit- 
able for high-speed cutting. 

It has been shown that the maximum speed need be but 
four times faster than the minimum speed, while on this 
machine the maximum speed is more than 111 times the mini- 
mum speed. If, therefore, the lathe is speeded so that its 
maximum speed will cut a l-inch shaft at the rate of 175 feet 
per minute, it will obviously require a diameter of 111 inches 
to maintain the same cutting speed when running at the mini- 
mum speed—which is rather a large piece to swing in an 
18-inch lathe. And what is true of the slowest speed is true 
of six of the others. There are but three speeds adapted to 
work between 1 and 4 inches in diameter; a 344-inch shaft has 
to be turned at the same speed as a 4inch, a 1% at the same 
speed as a 38, and a 1% at the same speed as a 134. Now let 
us see what this means to us in the course of a year if both 
lathes were kept employed on 1%%-inch work. Allowing 55 
hours to the work and 50 weeks to the year makes a run of 
2,750 hours. Taking wages at 20 cents per hour, and general 
expense at 25 cents per hour, makes the output of each lathe 
cost .45 X 2,750, or $1,237.50. Assuming the selling price of 
this work at 114 times what it cost to produce on an ordinary 
lathe, gives us a return of 1% X 1,287.5, or $1,546.88, which 
we will call the market price of 109 finished shafts. This 
brings us to the following proposition. If a lathe operating at 
a cutting speed of 109 feet per minute turns out 109 shafts 
per year, how many shafts a year can be turned out on a 
lathe operating at a cutting speed of 174 feet per minute? If 
we disregard the time consumed in handling the work, the 
answer is 174 shafts, or 59.6 per cent. more than can be turned 
out at the lower speed, in which event we would receive for 
the year’s output 1.6 X 1,546.88, or $2,475. The cost, however, 
remains as before, but instead of profits being but $1,546.88— 
$1,237.50, $309.38, they are $2,475 — $1,237.50, $1,237.50, or 
or more than four times as large. 

This, however, is an extreme case, as the average cutting 
speed on our special lathe is but 22 per cent. more efficient 
than the average cutting speed on the standard lathe, so at 
such times as the lathes are employed on a variety of diame- 
ters it is not likely that the profits on the product of the spe- 
cial lathe would be more than twice those earned on the 
product of the standard machine. But all of this is based on 
the assumption that the standard lathe has sufficient power 
to remove a chip of the same sectional area as the special 
lathe. We were told at the last meeting that the belt on a 
36-inch lathe driven by a 45-inch pulley slipped under a cut 
of 1-16x 1-32 inch, which would indicate that the ordinary 
18-inch lathe will not begin to stand the cuts we can take on 
our special lathe. Why is this? How do we obtain so much 
more power? If we ask the builder if a certain lathe is pow- 
erful enough to perform certain work, he will answer: “Yes, 
it is geared in the ratio of 12 to 1,” or he will say: “It’s the 
highest geared machine on the market, which gives it power 
to burn.” What, then, can we expect from a lathe geared in 
the ratio of 2to1? Let us see. 

The maximum speed of both lathes is the same; each runs 
at 668 revolutions per minute. A 4-inch pulley running at 
this speed gives a belt travel of 699.53 feet per minute, which, 
multiplied by the width of the belt, gives a surface speed of 
145.71 square feet per minute, as against a surface speed of 
672.23 obtained from a 4-inch belt running on an 11 17-32-inch 
pulley. The surface speed of the one is to the surface speed of 
the other as 4.61 is to 1, so if both lathes are driven by belts of 
equal thickness the available power of the special lathe will 
be 4.61 times that of the ordinary lathe. It is a well-known 
fact, however, that a heavy double belt will not operate to ad- 
vantage on a 4-inch pulley. It is also a fact that a double 
belt will transmit ten-sevenths the power of a single belt, 
which increases the power of a special lathe to 6.59 times that 
of the ordinary lathe. Then, too, there is the gain due to the 
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additional arc of contact. In the ordinary lathe this arc is 
approximately 133 degrees, while in the special the arc is ap- 
proximately 179 degrees, which increases our power to 8.87 
times that of the ordinary lathe. “But how about the ratio 
of the back gears?” asks the lathe builder. The back gears? 
What have they to do with it? Is there any combination of 
gears in the world that will enable a machine to perform more 
work than the belt supplies power for? Here, then, is where 
the lathe builder falls down. He knows that the greater the 
ratio the greater the cut, but entirely overlooks the fact that 
where power is obtained at a forfeiture of speed the greater 
the ratio the greater the curtailment of profits. 

[The lathe used by Mr. Norris in making these tests was the 
new “American” high-speed lathe,’ manufactured by the Amer- 
ican Tool Works Company, Cincinnati. The Jathe is particu- 
larly adapted for work from one to four inches in diameter 
and differs from the ordinary lathe in that it is designed 
throughout to meet the special requirements of modern high- 
speed tool steels. The limit of work is placed at the tool 
rather than at the belt, and with this in view, the apron, car- 
riage, and bed, and so on have been given exceptional 
strength, and the headstock enormous belt power—such that 
the contact of belt when on the smallest step of the cone 
is greater than in the ordinary 36-inch lathe. The cone is So 
designed that a four-inch double belt can be shifted to any 
of the three steps with the greatest facility. There are twelve 
changes of speed so graded that a cutting speed of 160 feet 
per minute or thereabouts can be maintained on work rang- 
ing from 1 inch to 4 inches diameter. The bearings, owing 
to the high spindle speeds, are of unusual size, made of phos- 
phor bronze, and are self-oiling. The makers are prepared to 
build headstocks similar to the above, but specially adapted 
to individual requirements. The leadscrew is placed on the 
inside of the bed and the feed box will give 44 changes for 
feeds or for screw cutting, without having to remove a single 
gear.—EDITor. | Rt Tete 


ITEMS OF MECHANICAL INTEREST. 


A FILE FOR BRASS-STRENGTHENING A CHIMNEY—MILL- 
ING HEXAGON BOLT HEADS—FLEXIBLE CABLE 
HANGER — VALVE-MOTION MODEL. 


A watch fitted with a balance wheel made of the nickel- 
steel alloy known as “invar,” has been tested at the Kew ob- 
servatory and given a certificate denoting wonderful time- 
keeping qualities. The mean variation of daily rates for one 
degree Fahrenheit, was only 0.004 second. “Invar’ may be ob- 
tained from J. H. Agar Baugh, 92 Hatton Garden, London, BE. 
C. Recent tests made at the National Physical Laboratory at 
Teddington and the International Weights and Measures 
Office at Sevres on “invar’” bars of two grades, between the 
limits of 41 and 86 degrees F., showed a variable coefficient, 
the limits being 0.00000063 and 0.00000088 with a mean of 
about 0.00000073 per degree F. 


That the opportunities for labor-saving are present in 
almost every business, is undoubtedly true, but it often takes 
a genius to discover them. How many persons have been 
observant enough to note the trouble and time required for 
the letter carrier to unload. a letter box filled with mail 
matter? That some inventor has been, is evidenced by 
letter boxes that may be seen in the streets of at least one 
New England city. They are made with a hinged bottom 
and provision is made for hooking the mouth of the mail 
sack over the bottom so that when the lid is released the 
contents of the box drop into the pouch in the “twinkling 
of an eye.” 

At the Chemical Congress held in Berlin during the first 
days of June, great interest was manifested in the wonderful 
properties of polonium, the new element discovered by Prof. 
and Mme. Curie of Paris and publicly displayed at the Con- 
gress for the first time. The amount shown was only 15-100 
grain, but it required two tons of uranium to produce it, and 
cost about $75, or at the rate of $2,880,000 a pound. Polonium 
is said to intercept electric sparks when placed between the 
electrodes. Pieces of barium, platinum and zincblende placed 
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near polonium in a darkened room, glow with a bright, green- 
ish light, giving visual evidence of peculiar radiations of 
great power. 


A FILE FOR BRASS. 

The Mechanical Review describes in one of its recent issues 
a new type of file, specially devised for working upon gun 
metal that has been introduced into the engineering department 
of the Chemin de Fer du Nord, France. The feature of this 
tool which distinguishes it from the general type of file is a 
series of shallow channels which cross its face diagonally at 
an angle of 30 deg., and placed about half an inch apart. The 
raised portions of the surface of the file between these chan- 
nels are occupied by the teeth of the tool. The advantages 
of the file are that it clogs less rapidly, and can easily and 
quickly be re-sharpened on the sand-blast, while it increases 
the work of the engineer who uses it in connection with gun 
metal filing, by 30 per cent. 


STRENGTHENING A CHIMNEY. 

Some time ago at a certain railroad shop, the chimney 
showed signs of weakening when it became necessary to enter 
it with a new and enlarged breeching adapted for an increase 
that had been made in the boilers and engines. In order to 
prevent a collapse, the lower portion of the chimney was 


Fig. 1. Chimney Strengthened with Bands. 


banded in six places with heavy bands tightened by bolts in 
the same way as tank bands are set up. Three were also put 
near the top and in this way the structure has been so 
strengthened that it is apparently as stable and solid as a 
new chimney. 


FORMULA FOR COLORING BRASS. 

To produce a Ilack color on brass Edwin S. Sperry gives a 
formula in Metal Industry as follows: Dissolve one pound of 
plastic carbonate of copper in two gallons of strong ammonia; 
first boil the brass that is to be blackened, in a strong potash 
solution to remove all grease and oil; rinse well and dip in 
the copper and ammonia solution, which should be heated to 
150 to 175 degrees F., until the desired degree of blackness is 
acquired. The color produced is very uniform and has little 
tendency to peel off. The process works best on brass contain- 
ing much copper, or on what is known as “red” brass. Direc- 
tions are also given for making the plastic carbonate of copper 
as follows: Blue vitriol (sulphate of copper) is dissolved 
in hot water and a strong solution of common washing soda 
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is added to it so long as any precipitate forms. The precipi- 
tate is allowed to settle and the clear liquid is poured off. 
Hot water is now added and the mass stirred and again 
allowed to settle. Again the clear water is poured off and the 
operation of adding hot water, settling and pouring off is re- 
peated until everything has been washed out of the green 
carbonate of copper which remains at the bottom of the vessel. 
This is the plastic carbonate of copper referred to. 


ENGLISH METHOD OF MILLING HEXAGON BOLT HEADS, 

The Engineer (London) Says that the method illustrated 
in Figs. 2 and 3 is one that is employed in the works of 
Alfred Herbert, Coventry, for milling the sides of hexagon 
nuts and bolt heads. Six cutters are mounted on the milling 
machine spindle so as to straddle three bolt heads at one time. 


Figs. 2. and 3. Multiple Bolt Head Milling. 


The bolts are held in a special fixture carrying six chucks 
mounted in a revolving frame or turret. Since two sides of 
three bolts are milled off at once, it is obvious that in effect 
one bolt head is milled complete at one operation, and index- 
ing the turret one complete turn finishes six bolts or nuts. 
The bolts are inserted in the upper chucks, and, of course, the 
finished work is removed when it comes around to the same 
position. The cutters used on 5. inch bolts are 6 inches diam- 
eter and run at 46 turns per minute with a feed of 1% inch 
per minute. The output of % inch bolts, is about 35 per hour. 


SIMPLE CABLE HANGER. 
The different steps indicated in Fig. 4, show the method 
of applying an exceedingly simple device for supporting elec- 
tric cables from steel suspension wires as is necessary where 
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Fig. 4. New Hanger for Suspending Cable. 


cables have to be carried in a long span between supports. 
The hanger is shown in A, and is a strip of zine perforated 
at the bulbed end with two slots. B shows the first wrap 
around the cable; © the second Wrap around the cable and 
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wrapping around the suspension wire; D the end tucked 
through the upper slot and turned up; and H the completed 
and assembled job. It is apparent that the weight on the 
tucked-in loop has a tendency to lock it tightly and prevent 
slipping. The device as a whole appears to be a very ingenious, 
simple and effective means of securing a desired result. 


COLVIN’S VALVE MOTION MODEL. 

Steam engine valve-gear, its functions and the successive 
events of a cycle altogether make a subject for absorbing 
study in which the designer, practical engineer and all others 
interested in the mechanics of the steam engine, may delve with 
profit. It is a study, however, that is pursued with dif- 
ficulty save by the aid of a working model on which the many 
combinations of lap, lead, angular advance, point of cut-off, 
etc., one with the others and with the piston travel, can be 
easily effected and observed. The trouble with the conven- 
tional valve-motion model is that it is bulky, inconvenient to 
operate and costly if made to a scale that is of any practical 
use. A locomotive valve-motion model made half-size re- 
quires a floor space of, say 3 feet by 7 feet, and a helper is a 


, 
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Fig. 5. Front View. 


quite necessary adjunct to turn the crank. As a brake is never 
supplied by which the unhappy seeker for knowledge can stop 
the too-willing crank twister short, the apparatus is usually 
more productive of profanity than anything else. For home 
study such an ungainly rig is out of the question, and even in 
the lodge room the space required is often a serious objection. 
The accompanying illustrations show a valve-motion model 
patented by Henry F. Colvin, which is of very compact design. 
It reproduces the various events of steam engine slide valves 
of different constructions, especially of locomotives, to full 
scale save one, the Vauclain piston valve, which is shown one 
half size. It is made to fold up and go into a box 14x18x3 
inches. The box forms the base when the machine is set up, 
and then the total height is 21 inches. The valves, the sec- 
tions representing the ports and the balance plate, are printed 
on strips of heavy cardboard, which are held in place by but- 
tons as shown in Fig. 5. This view shows a Richardson 
balanced valve for 5 inches travel. Three D-valves for 5, 6 and 
7 inches travel; an Allen ported valve; two piston valves, one 
for outside and the other for inside admission; a Vauclain pis- 
ton valve; a Wilson high-pressure multi-ported valve (eight in 
all); and the accompanying port sections for each valve, are 
furnished with the outfit. All the parts are assembled by 
thumbscrews so that no wrenches or other tools are required. 
Fig. 6 shows the back of the model and gives a more ade- 
quate idea of the principle on which it operates. The handle A 
revolves a disk D, which is graduated on the face side to rep- 
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resent inches of piston travel, 24 inches stroke being taken as 
the base. When the zero mark corresponds to the datum 
line in Fig. 5, the crank is supposed to be on the center. Rec- 
tilinear motion is imparted to the valve by a peculiar combina- 
tion of two connecting-rods, one of which shows at 0. AM aye; 
other shows in Fig. 6 just above it through the slots in the 
plate B. This one is just one-half the length of CO, center to 
center of the outer pin holes. One end is connected to the 
valve and the other to the center of C. Rod C is connected to 
the plate B at H, and the other. end reciprocates in a short 
horizontal slot in the frame. Plate B turns with the disk D 
and, of course, the connecting-rod C being pivoted to it at H, 
a crank motion is imparted to it, which in turn is transmitted 
to the valve through the short link alluded to. The point of 
connection E can be changed along the curved slot, thus imi- 
tating the effect of the Stephenson link by increasing the 
lead as the link is hooked up for short cut-off. Or if located in 
the other curved slot, the effect of crossed eccentric rods is 
imitated, the lead decreasing as the cut-off is shortened. Con- 
stant lead at the various cut-offs can be effected by changing 
the thumb screw connection to the straight slot. Nominal lead 


Fig. 6. Back View. 


is changed by loosening the thumb screws FF and shifting the 
slotted plate B relative to the disk D. This has the same ef- 
fect as changing the angular advance, and is virtually the 
same thing. Further information may be obtained from the 
Derry-Collard Co., 256 Broadway, New York. 


* * * 


An electric switch is being tried in Pittsburg by which 
the motorman can control the direction his car will take at 
a junction, without stopping the car or removing his hands 
from the controliing levers. A section of the trolley wire 
approaching the switch, is separated from the main line and 
is independently charged. Jt is so connected that if the car 
takes current when passing over this section a powerful 
electro-magnet in the track will be energized and throw the 
switch point. If the car approaching the junction is to con- 
tinue without throwing the switch point, the motorman must 
shut off the current before reaching the switch operating 
section and pass over it by the momentum Of thercan.. mle 
switch then remains unchanged. 


* * * 


Descriptions of several interesting tools of original design 
have been contributed to our columns by Mr. Jos. M. Stabel. 
Mr. Stabel writes us that he has received several inquiries 
as to prices of these tools, etc., and wished to state that none 
of them are on sale and the ideas are simply contributed for 
the benefit of the readers of MACHINERY. 
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LETTERS UPON PRACTICAL SUBJECTS. 


A FORMING TOOL FOR FINISHING FLANGES. 
Ed tor MACHINERY: 

For finishing the flanges of bath cocks it had always been 
customary for us to use four cutters in a holder and any tool- 
maker will appreciate the difficulty that we had to keep these 
cutters all of the same shape when they were ground. To 
obviate this trouble I designed the tool shown in the sketch, 
so that but a single cutter would be required. A round form- 
ing tool was made to correspond with the shape of the flange 
and this was fastened to a holder or shank, made from a 
piece of 144-inch square steel. One end of this shank was 
turned down to fit the hole in the turret while the front end 
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Flange Forming Tool. 


was turned to fit the hole in the flange and acted as a guide 
and support for the cutter. The cutter was clamped to the 
holder by a bolt with a left-hand thread, so that the tendency 
of the tool, when at work, was to tighten itself against the 
shank. With this tool we are able to do much more and better 
work than we could with the old holder having four cutters 
and the grinding is, of course, reduced to one-quarter of the 
amount. There are many jobs of turret work where a cutter 
and holder of this description can be used to a great advan- 
tage. M. SCHILLING. 

St. Paul, Minn. 

TESTING A LEADSCREW. 
Editor MACHINERY: 

In the May issue of Macurtnery, Mr. Stabel, in his article on 
micrometer measuring instruments, gives a method of testing 
the leadscrew of a lathe. He does this by chucking a microm- 
eter screw so as to expose the threaded end and using an in- 
dicator held in the toolpost of the lathe, the point of the indi- 
cator bearing against the side of the thread, as shown in 
Fig. 5 of the sketches illustrating his article. I consider 
this method as being rather poor; first, because the leadscrew 
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Fig. 1. Micrometer for Testing Leadscrew. 


can be tested over a length of only about one inch, at a part 
determined by the location of the indicator with reference to 
the carriage; and secondly, because there are several chances 
for errors to creep in. To give satisfactory results the mi- 
crometer screw must not only be of the correct pitch but it 
must run perfectly true and be of uniform diameter. Other- 
wise the indicator will increase any existing error to such 
an extent that the results will be quite unreliable. 

What I consider a much better way for testing the pitch of 
a leadscrew, at any position of its length, is to procure a 


micrometer screw and barrel complete, such as can be pur- 
chased from any of the manufacturers of accurate measuring 
instruments, and bore out a holder so that the axis of the mi- 
crometer screw will be parallel to its body when the screw is 
in place, as shown in Fig. 1. With the lathe geared for any 
selected pitch, the nut engaged with the leadscrew, and all 
backlash of screw, gears, etc., properly taken up, clamp the 
micrometer holder to the lathe bed, as shown in Fig. 2, so 
that the body of the holder is parallel to the carriage. Ad- 
just the micrometer to one inch when the point of the screw 
bears against the carriage and with a surface gage scribe 
a line on the outer edge of the faceplate. Now rotate the 
lathe spindle any number of full revolutions that are required 
to cause the carriage to travel over the portion of the lead- 
screw that is being tested, bringing the line on the faceplate 
to the surface gage point. If the distance traveled by the 
carriage is not greater than one inch, the micrometer wi!l 
indicate the error directly. For lengths of carriage travel 
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greater than one inch an end measuring rod, set to the number 
of even inches required, can be used between the micrometer 
point and the lathe carriage. The error in the leadscrew is 
then easily determined by the adjustment that may be re- 
quired to make a contact for the measuring points between 
the carriage and the micrometer screw. The pitch can be 
tested at as many points as are considered necessary by using 
end measuring rods, of lengths selected, set to good vernier 
calipers. The style of holder shown can, with the micrometer 
screw, be used for numerous other shop tests and as the screw 
is only held by friction caused by the clamping screw, it can 
easily be removed and placed in any form of holder that is 
found necessary. CANTELO. 


Fig. 2. Testing the Leadscrew. 


CORRECTION TO “PROPORTIONS OF GEARS.” 


Editor MACHINERY: 

Referring to the article in your May number on “Proportions 
of Gears” by C. F. Blake, I desire to call attention to an error 
in his formule. In both the elliptical and T sections he sub- 
stitutes, 

Np 
Eis =m Oise 92 


27 


in which ‘“n’’ is obviously the number of teeth, whereas he 
takes ‘‘n’”’ to be the number of arms and uses this notation in 
his first formula, 


WR 
i 
n 
He should have substituted 
R= .16Np 


* where “N” is the number of teeth. This reduces the final equa- 


tions to the following: 


STypN 
Elliptical section h = ae —_——_ 


n 


\/ fypN 
T-section h = 16 
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In the T section formula the constant 1.6 is correct, the 
decimal point having been wrongly placed in the original 
print, so as to read .016. 

Mr. Blake’s original formula gives the same value of “h” 
for all diameters of wheel and for all numbers of arms, which 
is obviously incorrect. 

Using oval arms the somewhat general practice in the Pitts- 
burg District is to make the thickness of arm b = % h, instead 
of making it depend directly on the pitch, as this gives a 
thicker arm and more lateral strength, the casting having been 
found to be readily made and not unduly strained. 

Taking the same notation as Mr. Blake, which is as fol- 
lows: 

h = width of arm at center of wheel. 

p = circular pitch. 

jaswiace: 

R= radius ob gear: 

y = constant as per table, usually about 1-10. 

n = number of arms. 

b = thickness of arm at center of wheel. 


We may write: 
gee meres crea, 
20 pfyk 
oti) wis tise 
nN 


and b = %h, which give very good results over a wide range. 

There is a “Rule of Thumb” which makes the width of arm 
just under the rim equal to 2x p tapering 34-inch per foot, the 
thickness being 1x p tapering %-inch per foot, which on care- 
ful consideration proves to be pretty well founded and to agree 
with the theoretical values fairly well. 
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Fig. 1. Dogs for Holding Crank Shafts. 


If we assume that in ordinary practice the following values 
are seldom exceeded: 


f = 4p. 
y = constant, say 1-10. 
fir == Os 


R= 20>p, equivalent to gear of 126 teeth. 
We can write, 


A) ee 
= 
10TKi6: 


3 
h= V 266 p' or nearly h = 3p 
Now, our “Rule of Thumb” will evidently come pretty close 
to this as the taper will in some measure allow for the large 
diameters and to show how near it will come, I have prepared 
the following approximate table in which p = 2”, y = 1-10, and 
i =A0% 


A (yu h by Rule of Thumb 


5 h=2p+— 
No. of Teeth. Radius. f= en 
30 9.5 35) Boll 4.5 
50 ily) 4.0 4.4 4.9 
70 22.3 4.5 5.1 5.4 
90 28.6 4.9 5.4 5.8 
110 35.0 5.2 Oe 622 


From this table it is evident that the simple rule is prac- 
tically correct and its simplicity recommends it in place of 
more elaborate formulas even though it will come somewhat 
heavy when narrow faces are used. In the smaller diameters 
the number of arms will usually be less than 6, which will 
make the agreement still better. 
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The above data was developed some years ago when the 
writer was looking into the matter of gear proportion, and is 
written in the hope that it may prove of some value to any of 
the readers of MacHINERY who may be engaged in work call- 
ing for the designs of well proportioned gears. 

EF. C. BigcErT,) JR: 


TOOL FOR TURNING CRANK SHAFTS. 
Editor MACHINERY: 

The tools and methods here described have been employed 
at the Western Iron Works, Los Angeles, for the past three 
years, during which time many more gas engine cranks 
have been turned out than could possibly have been produced 
with the same lathes using ordinary methods. Fig. 1 shows 
the jigs or dogs which are used to secure the cranks on 
centers. No great exertion is required to secure the crank 
in these jaws, yet once secured, there is no possibility of 
its slipping as the grip is positive and sure. Each dog con- 
sists of a hollow box casting in each end of which is cored 
a square hole through which the shaft is passed. This 
hole is placed diagonally with the line of shaft centers in 
order that a difference in the diameter of the shaft will not 
change the stroke of the crank. Of course in the same shaft 
both ends would be of the same diameter but this might 
vary in different shafts by a quarter of an inch, more or less, 
and yet have no effect on the stroke of the crank nor cause 
any difficulty in holding the work in the dog. 

The first operation is to slip the dogs onto the ends of the 
crank and tighten the setscrews lightly on the shaft. Then 
adjust the screws in the ears, by eye, and put the work on 
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Fig. 2. Method of Driving Crank Shafts. 

the lathe centers. Now, with the inside calipers, test the 
ends of the shaft by the lathe shears with the shaft and 
crank pin centers about on a level. This done, and the dogs 
properly adjusted, the shaft is ready for turning and with 
a good tool of self-hardening steel an opportunity is afforded 
for making a record in stock removing, for the jigs will stand 
any strain within the power of an ordinary engine lathe. 
When enough stock has been removed from the square rough 
forging to make the pin nearly circular, a larger flat will 
be found on one side than on the other. To the experienced ~ 
eye this indicates that the stock was not properly divided 
and it is now in order to loosen the setscrews, in the ears, 
on the side of the large flat and tighten those in the opposite 
ears. Once more test the ends of the shaft by the lathe 
shears and proceed to finish turning the crank. The writer 
has also tried the use of the surface gage and face plate 
process for adjusting the stock exactly central in the first 
place, but experience has shown the method above outlined 
to be preferable because of its economy of time and greater 
degree of certainty. 

In making these dogs a mid-center is placed between the 
pin and shaft centers to periait turning the ends of the 
crank cheeks, a, a, Fig. 1. Besides making a better look- 
in using a mid-center is 
fourfold over the usual practice of turning off the ends on 
the shaft and crank centers, respectively. In the first place, 
by swinging on mid-centers the cutting diameter is reduced 
to one-half, thus admitting of double the speed of the lathe, 
while by cutting both faces at one time another reduction 
of fifty per cent. is obtained. 
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For a driver for the cranks the writer devised the arrange- 
ment shows in Fig. 2. This screws onto the lathe spindle 
in place of a chuck, the object being to shorten the distance 
between centers, thereby stiffening the work. <A hook bolt 
A secures the end of the shaft to the driver while on the 
other end of the driver is mounted the counterweight B. 

Fig. 3 shows a special tool rest which takes the place of 
the usual long slender tool that reaches in between the 
cheeks of the crank. With this rest we get right up to the 
work with a piece of self-hardening steel 34 inch square 
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Fig. 3. Tool Rest for Turning Crank Shafts. 


and but about 2% inches long. The thickness of this rest 
as made for a 36-inch lathe is 1% inches, and the little 
collars A, A, are 15¢ inches in diameter. They are slotted at 
an angle so as to secure rake to the tool without resorting 
to top grinding. Each collar has a teat to hold it central in 
position, the teats fitting holes in rest and clamp. The 
dotted lines at B show how the tool may be turned to work 
at any angle, at the same time retaining its top rake. 


S. Byron WELCOME. 
Los Angeles, Cal. 


GOOD AND POOR MANAGEMENT. 


Editor MACHINERY: 

During my travels I have come across many cases of good 
and poor management. I remember one foreman who used 
to be always rushing about the shop, and if anyone asked him 
a question he would hardly take time to answer but he 
would rush away, maybe to go and “row” a man for some 
Small mistake, or perhaps nothing at all. He was always so 
busy he never had time to plan the best way to get things 
done; I don’t believe he ever thought about it at all. When 
anything was wanted he would give it to a machinist with 
instructions to do it as fast as possible, any way so long as it 
would “go” when done. He would give a man a job and a few 
hours later tell him to leave it and do another, and perhaps 
in a short time he would give him a rush job. Every man 
in the shop had about fifteen different jobs in hand, most of 
them about half finished; the shop was piled up with work, 
some of it just started, the greater part half-done, and there 
were signs of great activity among the workmen, most of 
whom were using a hammer and chisel, or dragging .heavy 
castings around and making plenty of row, for the workman 
who wasn’t making a big noise and scurrying around, wasn’t 
working. Yet for all this the output of the shop was low, very 
low, and the office used to complain. This worried the fore- 
man and he would go around and raise Cain till everything 
was in a whirl. Still things got worse, so he was finally 
discharged; he left saying: “I do not care who comes, they 
cannot make the men work any harder,’ and I guess he was 
right. 

The next foreman did not try to make them work harder, 
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all he got them to do was to work faster. In a short time 
one would hardly have recognized the shop; there was no 
excitement, the men were not running about, there was much 
less noise, the hammer and chisel were used less. A machin- 
ist was given some work to do with a general outline of 
how it was to be done, and it had to be done right; only very 
urgent jobs were allowed to disturb the systematic running 
of the shop, the men were not “rowed” at regular intervals to 
keep them going, and the output of the shop was high. This 
shows one of the mistakes a foreman often makes: he thinks 
he must keep everyone on the jump, and imagines that the 
more he can scare a man the more work he will do. This 
mistake is made by many superintendents also; they go 
around two or three times a day and jack up the foremen, 
telling them they do not get enough work done, don’t know 
how to manage a shop, and leave in a huge temper; the fore- 
man generally feels disgusted with the whole business and 
will not take any interest in it at all, or else gets scared and 
tries to make things hum. Anyhow both ways are failures. 

I once knew a superintendent who would not order any 
stocks and dies for the machine shop. He said: “Manage 
without.” He was trying to keep costs down, and every- 
thing that required a thread had to be cut in a lathe. In 
another shop, when a machine broke down, the superintendent 
said: “Just fix it temporarily, any old way so that it will run.” 
He would not order new parts, and so kept repair costs down 
for over a year. By this time most of the machinery was in a 
patched-up condition, breakdowns began to be very frequent 
and this meant delays. As the expense of duplicate parts 
had been saved, the temporarily patched-up machines would 
not last long, and it became necessary to temporarily repair 
the temporary repairs. The breakdowns caused a consider- 
able fall in the output, yet the machinists were working over- 
time, the cost of repairs was rising by jumps, and looked even 
worse because of the very low repair costs the previous year. 
The superintendent was consulted and these facts were pointed 
out with painful accuracy, and he was asked to explain why. 
When the cause was explained, his high reputation for eco- 
nomic work fell below par. 

There was the manager at a place where there was no 
time system. The men used to come and go as they pleased 
and book their time in the way which suited them best. This 
kind of work showed up in the profit and loss accounts, espe- 
cially in the loss column, so the manager planned and got 
up a first-class time system. The men did not approve of this, 
as they liked the other way best, and a letter threatening 
strike was sent to the president; he was scared, and let them 
have their own way, and the time system was dumped. After- 
wards the president used to wonder why the superintendent 
had such poor control over the men. 


Philadelphia, Pa. Gro. P. PEARCE. 


CRITICISM OF THE GERMAN ANTI-FRICTION 
BEARING. 


Editor MACHINERY: 

In the February issue of MAcHINERY there appeared an 
illustration and description of a new “anti-friction” bearing of 
German design. Ever since the appearance of this article I 
have been expecting to see some comment on the arrrange- 
ment, and not having seen anything, I will ask to be allowed 
a little space in which to discuss this bearing, possibly to the 
benefit of some one who, attracted by the claims, might be 
tempted to make use of it for work to which it is in no way 
suited. The statement made in this article that ‘‘the smaller 
the diameter the less the frictional resistance to rotation,” 
is somewhat misleading and should have been modified by 
adding “provided there is still sufficient bearing area to allow 
of proper lubrication.” Frequently bearings of large diameter 
will run with less frictional resistance than smaller ones in 
which the bearing area is so limited that the oil is pressed 
out and a metal-to-metal contact results. 

Now there is very little reason for thinking that the bear- 
ing in question is perceptibly better than a good steel pivot 
bearing. That the wire must be cut by shearing is not due to. 
the tension, for the hub of the pulley is a good fit between 
the supports for the wire, and nothing but shearing action 
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could be produced, tension or no tension. The principal 
ground for criticism in this device is, I think, the claim that 
ample bearing surface is provided by the length of the wire. 
A little thought will show, however, that this is not so since 
the amount of bearing surface is practically independent of 
the length of the wire. Considering the case illustrated, 
where we have a 200 pound pulley running on a wire .016 
inches in diameter. Imagine, if you can, a wire less than one- 
half of the size of a No. 60 drill supporting a 200-pound pulley; 
and also imagine that this weight is distributed equally over 
the whole length of the wire. It seems much more natural 
to suppose that as the pulley is run its hole will wear larger 
at the end and the wire will wear smaller where it emerges 
from its supports until it finally breaks under the shearing 
stress, while the greater part of its length will not be worn 
perceptibly. On examining the sketch it will not require 
very deep thinking to see that not only does the central por- 
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German Anti-friction Bearing. 


tion of the wire fail to help support the pulley, but, on the 
contrary, it will bear on the wall of the hole opposite to the 
side upon which the power is applied. 

That the pulley runs easily there can be no doubt, but that 
does not prove that this is a practical device. Lubrication 
would be practically out of the question, a few simple figures 
showing that the pressure per square inch would be too high. 
I do not know how easily our German friends are ageravated 
but on this side of the “Pond” we would hardly consider it 
profitable to be obliged to have a coil of wire handy and to 
supply a new bearing at frequent intervals simply to elimin- 
ate a little friction. CoRNEIL RIDDERHOFPF. 

Grand Rapids, Mich. 

[For the purpose of making the above contribution more 
readily understood we have reproduced the illustration that 
was published, with the description of the bearing, in the 
February issue.—EpITor.] 


THE CONSTRUCTION OF A SUB-PRESS DIE. 
Editor MACHINERY: 

Owing to the large number of parts of which a sub-press 
die is composed its first cost is. of necessity, much higher 
than that of an ordinary die. When, however, we consider 
that a sub-die, when properly made, will run ten hours per 
day for weeks at a time, without grinding, the first cost sinks 
to a minimum. In using an ordinary double die it is abso- 
lutely impossible to obtain two blanks that are exactly 
alike, one reason being that the stock to be punched is more 
or less wrinkled and does not lie flat on the face of the 
die. The consequence is, therefore, that after the piercing 
punches have perforated the wrinkled stock, and it is then 
flattened out, there is a greater distance between the holes 
than there is between the punches. Also, the pilot pins that. 
are depended upon to locate the stock cannot do so exactly 
since they are made a trifle smaller than the piercing punches 
in order to prevent them from pulling the blank up out of 
the die. On a certain class of work the double die answers 
all purposes, but when accuracy is required a sub-die is the 
only one that will give satisfaction. 

In order to avoid a complicated drawing and to set forth 
the plans of a die that may be readily understood by those 
not familiar with sub-dies, the writer has selected for illus- 
tration the die used for punching an ordinary washer; the 
general principles of sub-dies being the same whether one 
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or one hundred punches are employed. Having selected a 
frame with its proper cap, of size suitable to the work, it is 
placed in a chuck, being held by the upper end and, having 
faced off the bottom, the recess at A A is bored to fit snugly 
the corresponding step on the base of the press. This base 
is finished on both top and bottom with a step above referred 
to turned to fit in the bottom of the frame. A slot at @ is cut 
in each end to receive the finger straps by means of which 
the frame is fastened to the faceplate. The center is recessed 
to receive the stripper plate and blanking punch and a hole 
is drilled completely through to allow scrap punchings to fall 
to the floor, The base and frame are then fastened together 
by means of tap bolts and dowel pins as shown in the sec- 
tional view of the press. Together they are clamped to the 
faceplate, being centrally located by means of a plug center 
which fits the taper of the lathe spindle and passes through 
the hole in the center of the base. In this position the frame 
is bored out to a taper of about one-half inch per foot. After 
boring, a splining tool is substituted for the boring tool and, 
with the lathe locked by means of the back gears, three or 
four grooves, B, B, are cut the entire length of the bore by 
sliding the carriage back and forth. At the same setting the 
upper side of the frame is faced off and threaded to receive 
the cap which is screwed on the frame, then the hole for the 
plunger is bored out to the required size. This insures the 
hole in the cap being central with the inside of the frame. 

The plunger, shown in detail in Fig. 2, is the next piece 
to receive consideration. After being centered and rough 
turned, it is put in the center rest and the hole C bored and 
threaded and fitted with the button shown in Fig. 3. This 
threading is carried down to quite a depth in order to allow 
of the insertion of a tension cap, Fig. 4, by means of which 
a sufficient tension is placed upon the stripper spring to 
force the punching back into the stock upon the return stroke 
of the press. A dog is fastened to the button and the 
plunger turned to fit the hole in the cap, great care being 
exercised to keep the sides perfectly parallel, After turning, 
the lathe is blocked by the back gear, and three grooves 
E, E, E, are splined, about 1-16-inch deep, for the entire length. 
It is essential that these grooves be parallel with the axis of 
the plunger. Before the plunger is completed a ring three- 
quarter inch wide, is made of machine steel and forced onto 
the lower end of it. The outside of this ring is trued up, 
using the plunger as an arbor, after which this end of the 
plunger is placed in the center rest where the ring prevents 
it from being scored or injured by the center rest. In this 
position the recess seat F is bored out to receive the punch 
holder shown in Fig. 5. 

The punch holder is made, as are also the die stripper and 
punch, Figs. 6 and 7, by turning from a bar held in the 
chuck and finishing complete before cutting off. The recess 
which receives the head of the piercing punch should be bored 
at the same time to insure its being central with the tool- 
holder. The stripper, Fig. 6, should be made of tool steel 
and left large to allow for grinding after hardening, while 
the hole is bored sufficiently small to allow for lapping to 
exact size. The blanking punch, Fig. 8, which also contains 
the piercing die, is made of tool steel in the same manner, 
being finished complete before it is cut off and it is left 
with sufficient stock to grind after it has been hardened. The 
holes H H are drilled and counrterbored for screws to hold 
the punch to the base. 

After the parts are hardened the blanking die is the first 
to be ground. It is gripped in a chuck, bottom end outward, 
and the large hole J is ground out to fit the step K on the 
punch holder. Then the hole Z is ground perfectly straight 
and of the same diameter as the master templet. The bot- 
tom is also ground off, thus completing the die. In the 
stripper the hole VW is Japped to the same dimension as the 
master templet. A round piece of cold rolled steel is gripped 
in a lathe chuck and turned to fit nicely this hole in the 
stripper. Without disturbing the chuck, wring the stripper 
onto this arbor and grind the flange or shoulder WN to fit nicely 
the larger bore, and the smaller diameter to fit the smaller 
bore, of the die. The blanking punch is finished in exactly 
the same manner as the stripper, being ground to fit the re- 
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cessed seat in the base. The minor parts such as the 
Stripping plate, stripper piston, pins and springs are then 
made and the press is ready to assemble. 

In assembling, first force the punch holder, Fig. 5, into 
the seat F of the plunger and then force the die onto the 
holder; transfer the holes in the die through the holder and 
into the plunger and after they are drilled and tapped, 
fasten the parts together as shown in the sectional view. 
Remove die and drill four holes in the punch holder and 
plunger for the stripper pins 0 O. Place the stripper piston 
in the plunger, above this the spring, and lastly screw the 
tension cap into place. The stripper pins 0 O, which are 
hardened for their entire length, are placed in their holes 
in the punch holder and the stripper placed in the die, which 
is then secured in its place on the punch holder, 

The blanking punch is placed in its Seat in the base and 
securely fastened by the cap screws, after which the springs 
are placed in position and the stripper plate drawn down, by 
means of the screws P P, until it is a trifle below the top of 
the blanking punch. When the die is fastened to the frame 
it is ready to be babbitted. Screw the button onto the 
plunger and with a piece of oily cloth wipe the plunger all 
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strap the frame to the faceplate of a lathe and cut a spiral 
oil groove the entire length of the babbitt. 

As the blanking punch has already been ground the next 
step is to grind the faces of the blanking die, piercing punch, 
and stripper, while all are in their proper positions in the 
plunger. They should be ground so that the face of the 
stripper, die, and punch acre all flush with each other. After 
grinding, the parts should be taken from the plunger and 
thoroughly cleaned so that no emery can possibly remain in 
the working parts. Oil all of the running parts in a thorough 
manner, then put them together in their proper positions and 
replace the plunger in the frame. In setting up a sub-die care 
Should be taken to have the punch come to the face of the 
die only and not enter it. FRANK E. Sartor. 


New Haven, Conn. 
* * * 


A writer in Dizie imparts some interesting information re- 
garding the combustion of certain compounds. It is the com- 
mon practice of engineers to estimate the calorific value of a 
fuel from its chemical composition, and, generally speaking, 
the figures so obtained are accurate. There are exceptions, 
however, where this method will not give correct results, and 
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over, then sprinkle flake graphite onto it. The oil on the 
plunger will cause the graphite to adhere and after the sur- 
plus has been blown away a thin coating will be left over the 
entire surface. The plunger is lowered inside of the frame 
until the blanking punch enters the die. In the cap insert the 
ring shown in Fig. 9, to prevent babbitt from flowing into 
the recess R, and screw the cap onto the frame. As the cap 
is an exact fit for the plunger it therefore aligns it with 
the frame and with the blanking punch. The grooves on the 
plunger must be plugged with putty where they pass through 
the cap in order to prevent the escape of the babbitt while 
pouring. A pair of parallels, of a height equal to the pro- 
jection of the button beyond the top of the cap, are now 
placed on the bench and the die inverted upon them. Great 
care should be taken to avoid any vibration during pouring as 
very little will affect the alignment of the plunger, so that 
it is better to do the babbitting at the noon hour or at such 
other times that the power is not running. Before pouring, 
jheat the frame with a torch or jet of gas and when the 
babbitt has attained the proper heat, which is a very dark red, 
pour it in from both sides of the die simultaneously, Allow 
it to remain until! thoroughly cool, then remove the plunger, 
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acetylene is one of them. Certain foodstuffs, as starch and 
Sugar, show the same peculiarity, their heat of combustion 
differing widely from that estimated from their chemical 
composition. The chemical composition of acetylene is given 
by the formula C.H., so that 13 pounds of the gas consists of 
12 pounds of carbon and 1 pound of hydrogen. The perféct 
combustion of 12 pounds of carbon to carbonic dioxide will give 
174,000 heat units, and 1 pound of hydrogen burned to H.O 
will liberate 62,000 heat units, making a total of 236,000 heat 
units. Actual measurement, however, shows that the heat set 
free by the combustion of acetylene, is 281,250 units, or nearly 
one-fifth more than would be calculated from its composition. 
The heat of combustion of cyanogen (C.N,) is nearly one-third 
more than that calculated from its carbon contents. The ex- 
planation for this discrepancy is found, of course, in the fact 
that a large quantity of energy is absorbed in the formation of 
these compounds which is liberated in the form of heat on 
burning them. It is this fact that gives acetylene an element 
of danger as an explosive; for, apart from any question of 
combustion, there is a large store of energy available for de- 
structive purposes by the mere decomposition of the gas into 
its elements. 
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THE THEORY AND APPLICATION OF THE 
PRINCIPLES OF ISOMETRIC DRAWING. 


A. B. BABBITT. 


This article is written to give both the theory and practical 
application of isometric drawing. To those who have a knowl- 
edge of orthographic projection, the theoretical portion may 
be of value, while all engaged in mechanical drawing should 
derive some benefit from the practical treatise of the subject. 


Theory. 

Let us imagine a cube with its bases parallel to a horizontal 
plane and its lateral faces making angles of 45 deg. with a 
vertical plane. Three views of this cube, top, front and side, 
are shown in Fig. 1. Draw AB the diagonal of the cube. Re- 
volve the side view until the diagonal AB is horizontal, as 
shown in Fig. 2, and obtain the front view which will be the 
isometric drawing of the cube. 

By studying this view carefully, it will be noticed that all 
lines of the cube are either vertical or 30-deg. lines and that 
the foreshortening of these lines is exactly the same in each 
case. The ratio of lengths of lines in the isometric to those 
in the orthographic drawing may be found in the following 
manner: 

In the top view of Fig. 1, we have the edges of the cube 
shown in their true lengths, while in the front view, Fig. 2, 
the edges are shown in their isometric lengths. In the top 
view, Fig. 1, the true length is shown on a 45 deg. line, while 
in the front view, Fig. 2, the isometric length is given on a 
30-deg. line, the difference between the two angles being 15 
deg. 

It is perfectly obvious, then, that if we construct a triangle 
having the sides equal in length to the lines of the views al- 
ready referred ‘Lo and the included angle 15 deg., we may very 
easily find the ratio of one to the other. See Fig. 3. By laying 
off a standard scale on AB, the isometric scale may be obtained 
by drawing parallels to BC as shown in Fig. 4. 


Practical Application. 
Rules. 

1. The lines shown in Fig. 5 are called isometric axes. They 
consist of a vertical line and two lines at 120 deg. with the 
vertical, drawn to the right and left from one common point. 

29. These lines or axes represent lines mutually perpendicu- 
lar, as the corner of the cube shown in Fig. 2. 

3. All measurements must be laid off full size on or parallel 
to these axes. 

4. All vertical lines of the object will be vertical in the 
drawing and all horizontal lines of the object will be 30 deg. 
lines on the drawing. 

5. Lines parallel in the object will be parallel in the draw- 
ing. 

6. Right angles on the object are usually represented by 
either 60 deg. or 120 deg. on the drawing. 

To apply these principles to the drawing of a rectangular 
prism, proceed as follows: Use the line MO shown in Fig. 6 
as a vertical edge of the prism and let this coincide with the 
vertical isometric axis. See Fig. 7. The line MS, a hori- 
zontal line of the object will be represented by a 30-deg. line 
drawn from M’ to the right a distance equal to the length of 
the line MS, Fig. 6, and shown at M9’, Fig. 7. ‘The line, DM, 
Fig. 6, will be shown at L'M’, Fig. 7, drawn to the left from 
uw’ a distance equal to LM, Fig. 6. We now have the lines 
m’0’, M’S’ and M’L’ coincident with the axes shown in Fig. 
5 and representing ‘lines mutually perpendicular. 

To complete the surface LMNO, draw (Rule 5) N’O’ paral- 
lel to L’/M’ and L’N’ parallel to M’0’. To complete the sur- 
face MSOP, draw (Rule 5) O’P’ parallel to M’S’ and S’P’ par- 
allel to M’O’. To complete the upper surface of the prism, 
s’X must be drawn parallel to M’L’ and L’X parallel to M’S’. 
To complete the prism and show all invisible edges, XY, YP’ 
and YN’ should be drawn parallel, respectively, to Seize Sexe 
and L’X. 

If we make all lines of this isometric full size, as called for 
in Rule 3, the drawing will appear considerably larger than 
the object. To avoid this, an “igometric scale’ may be made 
by using the method shown in Fig. 4. This will make the 
drawing appear nearer the size of.the object. 
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Drawing Irregular Outlines. 


To make the isometric drawing of the irregular solid shown 
in Fig. 8, proceed as follows: It is necessary to remember 
that measurements can only be made on or parallel to the iso- 
metric axes, and that these axes represent lines mutually per- 
pendicular. To draw the oblique lines HG and K@ in iso- 
metric, it will be necessary to determine the points H, G and 
K by means of measurements parallel to the isometric axes. 

Produce the line KL to P and line HF to P and make the 
isometric drawing of the rectangular prism having one face 
LPFE. Such a prism is shown in Fig. 9. Measure off on PL 
the distance KL, giving the location of the point K. Lay off 
on FP the distance FH, giving the location of the point H. 
To obtain point G, lay off from P the distance IP She ao} 
equal to PS, Fig. 8, and draw SG parallel to PK. Make the 
distance SG, Fig. 9, equal to SG, Fig. 8. Having given the 
point G, HG and KG may be drawn and the irregular solid 
completed by drawing GG’ parallel to HH’ and H’G’ and G’K’ 
parallel, respectively, to HG and GK. 

The method of finding the vertex of a pyramid is shown very 
clearly in Fig. 10. The points of the hexagonal base were 
obtained from the construction lines shown. Dotted lines 
and letters correspond in Figs. 10 and 11. The vertex is 
found by finding the center of the base by diagonals and meas- 
uring the altitude on a vertical line drawn from this point. 


The Isometric Circle. 


To draw the isometric circle, first draw the isometric of a 
square of a diameter equal to the diameter of the circle. 
Shown at ABCD, Fig. 12. Draw AC and bisect the sides of 
the square by means of diameter ef and gh drawn through 
the center. Draw Dg and Df. With B and D as centers and 
with a radius equal to Dg, draw arcs 1 and 2. With m and n 
as centers and with a radius equal to mf, draw arcs 3 and 4, 
thus completing the isometric circle. 

The application of the isometric circle to the drawing of 
cylinders and cones is illustrated in Figs. 13 and 14. 
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THE NEW EXPLOSIVE, “HATHAMITE.” 


The danger attendant upon the use of dynamite is too well 
known to require comment, and because of this imminent dan- 
ger not only to the users but the general public the invention 
of safe high explosives that will do the work of dynamite 
should be of general interest. Several high explosives have 
been heralded that are claimed to be much safer than dyna- 
mite and among them is “hathamite,”’ the invention of the 
late George M. Hathaway, Wellsboro, Pa. A final test was 
made of “hathamite’ at Wellsboro, May 2 (three days after 
Mr. Hathaway’s death) in the presence of a number of capital- 
ists and experts, with results that are reported to be very 
satisfactory and little less than wonderful. When properly 
detonated the compound explodes with terrific violence, having 
all the characteristic effects of dynamite. A piece of steel 
boiler plate 9-32 inch thick was laid on a steel block having a 
39-inch hole. Two ounces of “hathamite’ were exploded on 
top of the boiler plate over the hole in the block, and a 2-inch 
hole was found punched cleanly in the plate. Then a quantity 
was melted over an oil stove and poured like molasses into 
shallow tin boxes. When it hardened one of these boxes was sel 
up as a target and a steel rifle ball shot through it without 
exploding the contents of the box. Then the remains of the cast 
explosive were taken into a mortar and pulverized with a pestle 
and after being subjected to hammering and grinding, the 
powder secured from this was again placed on a steel boiler 
plate and a hole punched through it, as before, showing that 
the quality of the compound had not suffered by melting, 
casting and again being reduced to powder, besides demon- 
strating its safety. One-pound, three-pound and six-pound steel 
shells were filled with the explosive and exploded in a large 
steel chamber producing wonderful fragmentation. Beside 
some of the shells exploded in the steel chamber were placed 
other loaded shells which did not explode from the violent 
concussion given them. The only way it can be exploded is 
by means of a detonating cap giving flame and concussion at 
the same time. 
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CONTRIBUTED NOTES AND SHOP KINKS. 


LOCATING JIGS ON THE FACEPLATE. 
Commenting on a recent kink by George Henry, in which he 
advocates recessing the faceplate for locating jiess inthe 
lathe, Francis Shaw writes: A simpler way is to turn out 
the first few threads in the faceplate hole, as shown in the 


sketch. This will in no way mar the plate and will accom- 
plish the accurate location of the jig in exactly the same 
manner as described by Mr. Henry. 


A RADIUS GAGE. 

A. Putnam sends the sketch of a home-made radius gage 
which has proved to be very handy for all such work as round- 
ing corners or grinding tools to a given radius. The blades 
are of thin steel and are fastened together at the end by a 
rivet, thus forming a tool similar to the familiar screw pitch 
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gage. The right-hand corner of each blade is rounded off to 
the given radius, while the left-hand corner is cut away at the 
same radius, thus fitting the instrument to be used for either 
convex or concave surfaces. The radius to which each blade 
is shaped is plainly stamped upon the side. 
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AN IMPROMPTU EXTENSION DRILL. 

It often happens that it is desired to drill a hole or holes 
in a place which the ordinary length of twist drill with 
either a round or square bit stock shank will not reach; it then 
becomes necessary either to forge out a special flat drill, or 
else adopt some method of lengthening out the drill already 
in hand. One method is to make an extension shank to fit the 
ordinary square shank of a bit stock drill. Edwin Kilburn, 
Spring Valley, Minn., sends the sketch of a device which he 
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recently made for this purpose and which proved very satis- 
factory. The body part B was made of a piece of steel tubing 
\% inch outside diameter, which was brought to a red heat 
for about 1 inch at one end, and this end was driven down 
over the shank of a drill held in a vise. A very little ham- 
mering made a first-class square socket and one which exactly 
fitted the drill. To enable the device to be used in a bit stock 
a shank which had been broken off a drill and which was of 
the right size to fit inside the tubing was brazed in as shown 
at A. This made an extension holder which held a drill 
almost as rigidly as though it were a solid piece and also 
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possessed the further advantage that it “(was littlest sane 
larger in diameter than the drill, a point which is many times 
as much of an advantage as the increased length. 


HANDY PLANER AND SHAPER CLAMPS. 

“Toolmaker”’ sends the sketch of a style of planer clamp 
which he recently found very convenient for holding some 
long, narrow pieces that could not be handled in a chuck or 
held down by straps. Some pieces of iron or steel 1144 inch 
square by 5 inches long were turned down at A to fit the holes 
in the platen of the planer. At B a hole was tapped, at an 
angle of 10 degrees with the horizontal, and fitted with a %- 
inch cup-pointed setscrew. Pieces of square, self-hardening 
steel were cut in lengths of about 214 inches and a point, 
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similar to that on a center punch was ground on one end. 
The other end was ground round to fit the cup point of the 
setscrew. These pieces are placed with their pointed ends 
against the work and the other ends in the cup of the screws 
as shown in the sketch. In this way the work is held very 
nicely. If the marks caused by the points will injure the 
work, a piece of sheet metal can be placed between the work 
and the point. The marks, however, will be slight, as the 
clamping force required to hold the work firmly is very small. 


MILLING ANY ANGLE. 

Robert A. Lachmann, informs us of a very neat “kink” re- 
cently brought to his notice for milling flats on shafts, or sim- 
ilar work, whereby the proper angle can be obtained by move- 
ment of the milling head without the use of a bevel protractor. 
The scheme consists simply in setting the sector for three 
holes on the 27 circle. It is obvious that a movement of three 
holes on the 27 circle (with a worm and gear whose ratio is 
40 to 1, as is generally the case) will give 1-360 of one revo- 
lution of the work, or a movement of 1 degree, so that any 
angle can be accurately cut by this method. For example, if 
a movement of 9 degrees is required, one full turn of the in- 
dexing crank will be required, since 27 +83 gives 9-360 of a 
complete revolution of the work or a movement of 9 degrees. 
Similarly, 10 turns of the indexing crank will give 90 degrees 
which would be used when milling a square. 


SHOP USE FOR PLASTER OF PARIS. 

J. B. G. writes: It is doubtful if you would find plaster 
of Paris in many machine shops at which you might inquire 
for it, yet it has frequent utility. Fig. 1 shows the section of 
a thin casting which is to be finished on the inside and outside 
while Fig. 2 represents, exaggerated, the shape which it as- 
sumes when secured in a four-jaw chuck. Of course the work 
will not be round when it is removed from the chuck. If the 
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Fig. 1 Fig. 3 


Fig. 2 


side to be chucked is filled with plaster this difficulty is 
avoided. Fig. 3 is the expansion member of a clutch and is 
to be turned on an arbor. However slowly and carefully this 
turning is done the work will chatter and the finished piece 
will be neither round nor concentric. Here again plaster 
eliminates the difficulty and allows the turning to be accom- 
plished with ease. After the work is finished the plaster can 
be readily broken up and removed. 
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NEW TOOLS OF THE MONTH. 


A RECORD OF NEW TOOLS AND APPLIANCES FOR MACHINE SHOP USE. 


SEVEN-FOOT TAPPING RADIAL DRILL. 

The Fosdick Machine Tool Co., Cincinnati, Ohio, have re- 
cently brought out a 7-foot tapping radial drill that is 
especially adapted to locomotive works, railroad shops, and 
shops of like character where unusually heavy drilling and 
tapping are done. This drill is capable of drilling to the 
center of a 172-inch circle while the greatest distance from 
the spindle to the base is 90 inches. One of the distinctly 


new features of the machine is that it has a positive thread- 
cutting attachment for 8, 10, 12 and 14 threads per inch, 
for heavy tapping, and four positive geared drilling feeds. 
The spindle has a traverse of 30 inches and i: counterbalanced 
to facilitate operation. 


Special Seven-foot Radial Drill. 


The back gears are located in the head, thus bringing the 
power direct to the work. All operating levers are located 
on and travel with the head and are therefore always directly 
in front of and convenient to the operator. A quick return 
permits of engaging the power feed instantly. The various 
special features of this machine make it capable of taking 
care of certain classes of large work, heavy drilling, tapping, 
etc., to much greater advantage than is possible with the plain 
radial drill. In the locomotive works these drills are being 
used on heavy drilling, reaming and tapping especially on 
cylinder guide yokes, link hangers, rockers, cross heads, etc., 
also for hubbing off the bosses on rocker arm hubs, link 
hanger hubs, valve gear transmission rods, etc., with a box 
tool. 


ATTACHMENT FOR MILLING SPUR GEAR RACKS. 

James & Foote, Chicago, Ill., have just brought out the 
milling attachment illustrated herewith, which is designed for 
milling the surface of spur gear racks and cutting the teeth 
in them. It is capable of using large face mills and will 
carry rack cutters up to 2 diametrical pitch. The attachment 
is secured to the frame of the milling machine by a saddle 
clamped to the vertical ways. This saddle has an annular 
T-slot provided with bolts which clamp it to the milling head 
but at the same time allow the head to be swung around at 
any angle, the position being indicated by a set of gradua- 
tions on the base. 

The horizontal shaft is inserted in the cone spindle of the 
milling machine and from this the vertical shaft of the at- 


tachment is driven, through a pair of miter gears which allow 
it to swing through the whole circle. The end of this verti- 
cal spindle is threaded to fit the same chuck as the machine 
spindle and is reamed to Brown & Sharpe No. 10 taper. The 
rack cutting spindle is driven by steel spur gears and fitted 
to carry Brown & Sharpe standard rack cutters. After mill- 
ing the surface of the rack with an end mill, as shown in 
the illustration, the head is swung around, through 90 degrees, 
so that the rack cutting spindle, shown here in a vertical 
position, will be brought horizontal and the teeth of the rack 
are then milled in the ordinary manner. 


Attachment for Milling Spur Gear Racks. 


A FILE SHARPENING MACHINE. 

Owing to the fact that as a rule the cost of files goes into 
the miscellaneous shop expense and thereby loses its indi- 
viduality, very few manufacturers realize what a large source 
of expense their files are to them, A file is different from 
any other edge tool in that it can only be used for a short 
time before an infinitesimal portion of the head of the teeth 
becomes worn off and the file, for all practical purposes, be- 
comes worthless although in all respects except its cutting 
dualities it is as perfect as ever. Many manufacturers then 
throw their dull files on the scrap pile, unless they have them 
recut which is often unsatisfactory on account of the temper 
and size being changed. But they do not throw away their 
other edge tools when they become dull; they sharpen them 
up again. Since the first files were made, experiments with- 
out number have been tried whereby a dull file could be re- 
stored to its original usefulness without changing its size 
or temper, and thus rendered suitable to be used again. 

The illustration herewith shows a new machine for this 
purpose which is the invention of Mr. A. H. Radell, and is 
being placed on the market by the American Steel Tool Co., 
Chicago, Ill. The machine is operated by means of steam 
alone, or a combination of compressed air and steam may be 
used. By means of a suction blast the abrasive material, 
which is carborundum, is forced against the back of the 
teeth of the file at an angle of from 15 to 30 degrees. The 
file is drawn up and down over. a nozzle inside of which 
is a reducing jet so that the material strikes the teeth from 
the back and cuts away a portion of the metal wherever 
it has a point of resistance, thus restoring to the file its sharp- 
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ness and cutting qualities and preserving the original angle 
of the tooth. This treatment does not disturb the temper of 
the file nor does it perceptibly alter its size. On account 
of the angle at which the file is held and at which the 
abrasive material strikes it, the point of the tooth is pro- 
tected since the material travels up the back following the 
original angle of the tooth instead of striking directly 
and so dulling it. After impinging against the file, the ma- 


terial settles to the bottom of the machine and is used over 


Machine for Sharpening Worn Files. 


and over again until it is gradually cut up and carried away 
in solution by the overflow outlet. With this machine it is 
possible to sharpen 100 to 300 files per day, of all shapes and 
sizes. Ordinary files may be sharpened from two to six times, 
according to the depth of the tooth, and they may then be 
recut in the ordinary way and used and sharpened as many 
times more. 


UNIVERSAL MOTOR-DRIVEN DISK GRINDER. 

The Ransom Mfg. Co., Oshkosh, Wis., have just brought 
out an 18-inch universal motor-driven disk grinder which is 
illustrated herewith. The armature of the motor is wound on 
a sleeve which is pressed onto the spindle of the machine. 
The motor, which is multipolar and compound wound, is of 


Motor-driven Disk Grinder. 


the enclosed type, the enclosure being accomplished by means 
of spun copper hoods the upper half of which can be removed 
when it is necessary io adjust the brushes. The shaft 
carries on each end a grinding disk and the end play is 
taken up by means of jam nuts which are placed on each 
side of the left hand box. Heretofore the practice has been 
to place the jam nuts on the inside of each box but this was 
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found to have the objection that as soon as the armature 
shaft became a little warm it would expand and crowd the 
nuts against the inside of the boxes, causing them to cut. By 
the present arrangement this trouble is entirely overcome. 

A table is provided for each disk, that on the right hand 
end of the machine being universal in that it can be set at 
any angle. It has a screw feed toward the wheel and swings, 
on a shaft, across the face. This table is provided with 
T-slots so that any kind of templets or gages may be 
attached without the necessity of drilling holes in the table 
for this purpose. The machine is accompanied by a press 
and all of the accessories needed for preparing the grinding 
disks. 


SHAFT AND TUBE STRAIGHTENERS. 

Kane & Roach, Syracuse, N. Y., are placing on the market 
a full line of straightening machines which were designed by 
Mr. W. E. Kane for rolling mill use. The outside rolling ma- 
chines, which are built in four sizes, have a capacity for 
straightening angles from 2x2x\ inches up to 4x4x% 
inches, and up to No. 40 railroad rails. They have eight rolls 
and are geared for two changes of speed. 

The four sizes of inside rolling machines have overhang- 
ing shafts for extra outside rolls. They are built with either 
eight or nine rolls, the nine-roll machines having overhang- 
ing rolls on each end, can be run in either direction. These 
machines are built for either belt drive or direct connection 
with motor or engine, and in either case they are geared 
for two changes of speed. The capacity of the inside rolls 
ranges from 5x 5x %-inch angles up to 7-inch round stock. 


Shaft and Tube Straightening Machine. 


The latest addition to this line of straighteners is the tube 
and shaft straightener illustrated herewith. These machines 
have twelve rolls, eight vertical and four horizontal, and 
they are built very long so as to have nearly a whole bar of 
shafting or tube in the rolls at one time. These machines 
range in capacity from 1-inch to 3-inch shafts and from the 
smallest tube up to those 8 inches in diameter. They are 
arranged for two changes of speed and may be driven by belt 
power or be direct connected. 


NEW LINE OF THRUST AND RADIAL BALL BEARINGS. 
The recently organized American Ball Co., Providence, R. I., 
have brought out a complete line of anti-friction bearings, 
including both thrust and radial ball bearings. The thrust 
bearing shown in Fig. 1, was designed to meet various require- 
ments where it is desired to support the axial thrusts of 
shafts, the aim being to construct a bearing in which there 
would be rolling contact only between the balls and the 
raceways. The two points of contact A and B, on the lower 
plate, are in such a position in relation to the axis of the 
shaft that the rolling contact circles on the balls are in the 
same proportion as the contact circles on the plate. The 
contact on the upper thrust plate is in a plane parallel to a 
line drawn through the two points of contact on the lower 
plate, and it is therefore evident that no sliding will take 
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place between the balls and the plate. The tendency to 
force the balls outward, on account of the difference of the 
angles of the lower plate, is counteracted by the angle of the 
face of the upper plate forcing them in the opposite direction. 

Fig. 2 represents the simplest form of thrust bearing, the 
principal point of novelty being the ball retaining cage. This 
is made of machinery steel and consists of two parts, an outer 
and inner cup, C and D, which are pressed together after the 
balls are placed between them. The thickness of the cage 
is nearly equal to the diameter of the balls contained in it, 


Vy 
Wf fs 


SJ 


)! 


Industrial, Press, N. ¥. 


Fiche 
“Reid” Ball Thrust Bearings. 


so that sufficient metal is left between the holes for strength 
while at the same time the balls are as close together as when 
no cage is used. 

In the application of radial ball bearings to machinery 
it has generally been necessary to make all parts of the 
bearing special or an integral part of the machine to which 
they are applied. Fig. 3 shows a sectional view of a single 
unit radial bearing that is self-contained, capable of adjust- 
ment for wear, and designed to cover a wide field of applica- 
tion, The lock nut, by means of which the adjustment is 
accomplished, is one of the especial features of the bearing. 
It is composed of an extended sleeve support #, formed with 
screw threads of opposite pitch, and the co-acting nuts F and 
G both of which are resilient in an axial direction at their 
contact portions. The inner face of the nut @ is presented 
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screwed up until there igs no play between the balls and the 
raceway, then the outer nut is forced up until one or more of 
the teeth on the locking washer can be bent into the notches 
of each nut, thereby forming a solid positive lock at any 
adjustment. 

A ball separating ring, or cage, K, is generally used but 
may be omitted in bearings where the conditions do not 
require it. This cage consists of a ring which is made a 
running fit on the cones LZ and H. 

Fig. 4 shows how this same type of bearing is arranged 
to form a double unit. In the same manner a number of 
units may be combined to form a bearing of any length 
desired. Accidents resulting from breaking of balls or crack- 
ing of the raceways are practically impossible with these 
bearings, as the sleeves are made a running fit on the shafts 
to which they are applied so that if a ball should break, and 
the bearing stick, the shaft sleeve would run on the shaft 
as in a plain bearing. 


THE HAESELER-INGERSOLL PNEUMATIC HAMMER. 

An entirely new line of pneumatic hammers has just been 
brought out by the Haeseler-Ingersoll Pneumatic Tool Co., of 
which the Ingersoll-Sergeant Drill Co., New York, are the 
general selling agents. The leading new feature about these 
hammers is the employment of what is called an “axial” 
valve, a photograph of which is shown in Fig. 5. The princi- 
ple of this valve is that it oscillates about an axis which is 
in line with the center of the piston and the motion of the 
valve is consequently transverse to the direction of the piston 
movement. In this way vibration or reaction of the piston 
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rigidly to the adjustable cone H while its opposite face is 
formed in the shape of a marginal resilient flange 7. Between 
this flange and the engaging portions of the outer nut is 
contained a locking washer J which has flexible teeth adapted 
to co-act with the notched portions of the two nuts. The 
outer nut F' is also resilient in an axial direction on account 
of the web portion between the outer contact portions and 
the inner threaded part not coming in contact with the 
inner nut. The notches forming the teeth on the periphery 
of the locking washer J are differently spaced from those on 
the two nuts. In adjusting the bearing the inner nut is 
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Sections showing Operation of the Axial Valve. 


does not affect the motion of the valve and as the bearing 
is small, friction, and consequently wear, is considerably re- 
duced. 

Figs. 1 to 4 are diagrams showing the ports spread out in 
place so that the action of the valve may be traced, the valve 
itself being indicated by the heavy black lines. As will be 
seen this valve is always balanced owing to the ports being 
diametrically opposite, and is always subjected to equal pres- 
sure. 

Referring to Fig. 1, it will be seen that full pressure enters 
A and passes down into the space S, and acts against the 


608 


short vane, holding the valve in the position as given in Fig. 
1, full pressure air then enters through a tube and a port in 
the valve V1 and passes down to the back of the piston throw- 
ing the piston forward, when the slot R passes a port in cylin- 
der A3, full pressure air is allowed to pass out through the 
port K1 and up through K into space LZ and acts on the oppo- 
site side of the long wing which immediately throws the valve 
to its second position in which the space back of the piston 
is open to the outside air through the valve at V1 and 


Fig. 5. ‘Axial’ Valve of Haeseler Pneumatic Hammer. 


the port Xd. At the same time suitable slots in the 
valve connect the full pressure air supply with the pass- 
age D1, which leads to the front of the piston, thus ad- 
mitting full pressure air in front and throwing the piston 
back to its original position. This does not occur, however, 
until the piston has expended its full energy on the end of 
the chisel blank, as shown in Fig. 3. As the piston moves 
back it exposes ports K2 to the air through X, which allows 
the air in the front of the piston and also in the space L to 
exhaust, allowing the full pressure air which comes in through 
A to throw the valve to the original position as shown in 
Fig. 1. This cycle is repeated with a rapidity which depends 
on the air supply at A, which is governed by the throttle. 

The valve, which is a small, light forging, works on a cen- 
tral bearing which forms a part of the valve box. This box 
has a cover, and both box and cover are provided with dowel 
pins, which insure their dropping into place when they are 
put in the hammer. In this way the hammer can be taken 
apart or put together by the ordinary operator. Owing to 
the valve and valve box being independent of the handle, it 
is not necessary to have a lot of extra handles about, as is 
the case where the valve is in the handle, and a couple of extra 
valve boxes will keep a good size plant in operation owing to 
this interchangeable feature. 


4 PATENTED 


Fig. 6. Haeseler Pneumatic Chipping Hammer. 


The efficiency of a pneumatic hammer is seriously impaired 
if the joints between the faces of the cylinder, valve box and 
handle are not kept tight! To insure keeping these joints 
tight, by securely locking the parts together, a simple and 
strong construction is provided by a number of slots which 
are cut in the collar of the cylinder while a different number 
of notches are cut in the other end of the handle, the one 
number not being a multiple of the other. This arrangement 
permits a fine adjustment to be made when it is desired to 
take up the wear of the parts, as a notch in the handle will 
always be in line with one of the slots in the cylinder, with- 
out regard to any required position of the handle being neces- 
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sary. When the handle is scréwed up tight, the parts are 
locked together by a key being inserted in the registering slot 
and notch referred to, and is held in place by a spring band 
being snapped over it and around the collar of the cylinder. 


A SPIRAL GEARED CHUCK JAW. 

The new chuck jaw, illustrated in the accompanying half- 
tone, has been adapted by the Bullard Machine Tool Co., 
Bridgeport, Conn., for use on their boring and turning mills 
and has been placed on the market for use with any chuck. 
For use on their own machines, the jaw is provided with four 
clamping bolts, suiting it to the parallel table slots; but it is 
also made with two bolts so that it may be attached to any 
faceplate having radial slots. Upon the under side of the 
sliding jaw is cut a rack which engages with the feed screw. 


Boring Mill Chuck with Spiral Geared Jaw. 


This screw is set at an angle with the axis of the slide and 
the rack is cut at a corresponding angle, so that a powerful 
clamping force is exerted in the direction of the slide. The 
screw can be operated from either end and, being set at an 
angle, the wrench is thrown away from the work so that 
the operator has an opportunity to tighten the screw from 
the most advantageous position. Using a rack instead of a 
nut on the sliding jaw, permits the jaw to be made lower and 
therefore allows it to clamp the work much nearer to the 
face of the table than would otherwise be possible. 


A NEW STYLE OF DRILL CHUCK. 

The line cut herewith shows a section through a very 
novel drill chuck that has just been placed on the market 
by A. I. Jacobs, Hartford, Conn. Although resembling in. 
general appearance, the ordinary drill chuck, the method by 
which it is operated is entirely new and has proved very 
efficient. In the main body of the chuck, A, there is turned 
a groove in which runs the threaded ring 0. This ring is 
made in halves so that it can be placed in the groove and 
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The Jacobs Drill Chuck. 


after it is put in, the sleeve B is forced over it. This sleeve 
runs loosely over the body of the chuck but fits the ring 
C so tightly that it forms with it an integral part of the 
chuck. Turning the sleeve B causes the ring to draw the 
threaded blades D, of which there are three, in or out, thus 
clamping or releasing the drill. The outside of the sleeve 
is knurled for turning it by hand and the front edge is cut 
with teeth for tightening it by the use of the toothed key #. 
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This key is slipped into a hole in the nose of the chuck so 
that the teeth come into mesh with those on the front of 
the sleeve and enable a very powerful gripping force to be 
imparted to the shank of the drill. One of the advantages 
of this chuck over one in which the tightening is accomplished 
by means of a spanner or similar contrivance, is that while 
the spanner tends to turn the spindle, making necessary 
the use of one hand to prevent it, with this chuck there 
is no tendency for the spindle to turn. 


FIFTY-ONE SPINDLE MULTIPLE DRILL. 
A few years ago it was a rare thing to see a drill press or 
drilling machine of any kind that was equipped with more 
than a dozen spindles, but at the present day the number of 
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Fifty-one Spindle Multiple Drill. 


spindles that may be applied to a drill seems to be limited 
only by the demands of the work. The accompanying photo- 
graph illustrates a vertical drilling machine, fitted with 51 
spindles, that was designed for drilling steel cutter bars for 
reaping and mowing machines. With this machine the entire 
51 holes are drilled in practically the same time that was 
formerly spent in drilling a single hole and the bars are all 
exact duplicates. The spindles are arranged to drill part of 
the holes as close as %-inch, center to center, while the bal- 
ance are drilled with 21-inch center distances. The former 
dimension is a fixed quantity but the distance between the 
latter spindles can be adjusted to suit different spacings of 
the holes. The steel bars that are drilled average about 78 
inches in length by % inches in width, and are firmly held 
in a suitable chuck, which is drawn together with three smail 
hand wheels. This chuck is made adjustable and can be set 
to bring the drills directly over the center of the bar. 

The work is fed up to the drills with a strong friction feed 
and the table is returned with a 7 to 1 reverse feed. Auto- 
matic stops are fitted to the friction lever to regulate the 
travel of the table in both directions. An upper and lower 
tank is fitted to each machine with a geared pump between 
for pumping the drilling compound into the upper tank from 
which the drills are supplied. These machines are built in 
various sizes by M. L. Andrew & Co., Cincinnati, Ohio. 


A NEW WATER TOOL GRINDER. 

Since the advent of the use of an emery wheel for tool 
grinding it has been the aim of the grinding machine 
builders to provide for keeping a regulated supply of water 
upon the wheel. The method adopted by the Bridgeport 
Safety Emery Wheel Co., Bridgeport, Conn., in a new grinder 
which they have just placed on the market, is illustrated in 
the accompanying cuts, Figs. 1 and 2. Fig. 1 is a general 
view of what is rated as their No. 3 grinder while the dia- 
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gram, Fig. 2, shows the way in which water is applied to 
the wheel. The column of the grinder is divided into two 
compartments, or chambers, A and (C, the lower compartment 
C being made air-tight. These two chambers are connected 
by the pipe @ which runs from the normal water level in the 
upper chamber down nearly to the bottom of the lower cham- 
ber C. At the side of the column, supported on a bracket, is 
the pneumatic pump F' which is connected by a small pipe to 
the air-tight chamber in the column. 

When the machine is first set up, water is poured into the 
upper trough A and as soon as this is filled to the top of the 
pipe G, the water runs down the pipe into the lower chamber. 
In order to allow the water to flow into this chamber the 
pet cock EF is opened so that the air may escape when the 


Fig. 1 New Water Tool Grinder. 


water enters. As soon as water begins to flow from the 
cock the chamber is known to be filled; the cock is then 
closed and the machine is ready for operation. Whenever 
the water in the upper trough falls below the normal level 


it is only necessary to introduce a little air into the lower 
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Fig. 2. Water Tool Grinder, showing how Water is applied to the Wheel. 


chamber, by a few strokes of the pump, and this forces the 
water up through the pipe G@ into the trough. As the storage 
chamber is large and the pipe @ runs nearly to the bottom, 
one filling is capable of lasting for an indefinite time and the 
weight of the water in the base also adds to the stability of 


610 


the machine. No parts of the pump in any way come in con- 
tact with the water so there is practically no wear or damage 
from dirt or particles of grinding dust that get into the 
water. 

MOTOR-DRIVEN BOLT CUTTERS. 

In line with the growing tendency toward electrically-driven 
machinery the Reliance Machine & Tool. Co., Cleveland, Ohio, 
have just equipped their line of bolt cutters for motor-drives. 
The machine illustrated, which is the 2-inch cutter, is driven 
by a Crocker-Wheeler reversible, variable speed motor. The 
speed variation, obtained by field control, is as 1 to 3 and the 
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Two-inch Bolt Cutter with Motor Drive. 


motor is connected by means of spur gearing directly to the 
machine. The motor being fastened to the back side of the 
bolt cutter is readily accessible, free from grit and oil, and 
occupies very little floor space. The gears are carefully cov- 
ered with casings which are not shown in the illustration. 


A FILLET TURNING TOOL. 

The difficulty and expense usually involved in making a 
radius tool, whenever it is desired to turn a fillet in a shaft 
or other lathe work, is well known to every machinist. It 
is also known that as the tool is fed in toward the center of 
the work it soon begins to cut metal on all sides and this in- 
evitably produces chatter, especially with the larger tools. 
To remove this difficulty the fillet turning tool shown in the 
photograph herewith has been designed and is being placed 
on the market by Rabiger Bros. & Co., Philadelphia, Pa. 


Fillet Turning Tool. 


The shank of this tool is held on the carriage in the 
regular manner while the cutting tool is clamped in the re- 
volving toolpost which is rotated by the worm and worm- 
wheel. The worm may be operated by hand even when heavy 
cuts are being taken, but the operating knob is drilled for 
the application of a spanner or lever when the work is too 
severe for hand feed. To obtain any required radius it is 
only necessary to set the tool in or out from the center of the 
revolving toolpost the required amount. The tool may be 
instantly adjusted to any position by removing the small. pin 
and turning the eccentric knob, shown back of the feed knob. 
This disconnects the worm from the worm wheel and leaves 
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the toolpost free to be turned at will. Curves of any radius 
can be cut with this tool and, having once set the cutter 
properly, it is impossible to make a fillet of wrong radius or 
to cut other than an accurate curve. 

ROBERTSON POWER HACK SAW. 

A new power saw that has just been placed on the market 
by the Robertson Mfg. Co., Buffalo, N. Y., 18 illustrated in 
the half-tone herewith. This saw is gear driven, operating 
the saw blade at a rate of one stroke per four revolutions 
of the driving pulley. A sliding bar with top guide and 
crank connections all in center line with the saw insures a 
true stroke. The swing carriage with large bearings allows 
the saw frame to travel naturally and mechanically in the 


Robertson Power Hack Saw. 


cut and at the same time raise on the return stroke relieving 
the drag on the teeth. The sliding weight can be instantly 
adjusted for different hardnesses of metal. A stud back of 
the vise, stops the machine when the work is completed and 
a flat lever then holds the frame up automatically. An ad- 
justable gage is provided for cutting bars, disks, pipes, etc., 
to exact length. This, the No. 3 size, has a capacity for cut- 
ting work up to 8 x 8 inches. 


THE “SIMPLEX” VARIABLE SPEED COUNTERSHAFT. 

In modern shop practice, especially when using the new 
high-speed steels and motor drives, there is a growing de- 
mand for closer speed regulation than can be obtained by the 
use of cone pulleys or geared drives, as the variations in speed 
obtained in this way must vary by comparatively large steps. 
A countershaft is therefore required in which the variations 
in speed may be made by finer gradations, since it is often 
desirable to effect a variation of as little as 5 per cent. in 
order to obtain the maximum efficiency from the tools. The 
“Simplex” countershaft, here described, is arranged to effect 
these variations by the use of two drums formed of wooden 
slats which travel in and out of milled slots in the face of 
tapered disks. One of these drums is driven at a constant 
speed, from the line shaft, while the other is mounted upon 
the variable shaft from which the machine is driven. Both 
shafts are carried in a substantial frame which also supports 
the mechanism by means of which the disks are operated. 
This mechanism consists of a pair of levers working” together 
so that they simultaneously draw one pair of flanges apart 
and force the other pair together. The movement is effected 
by means of a pinion meshing with racks on the lever arms 
and is operated by turning a shaft placed at any convenient 
position on the machine. 
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The drums are connected by two wide belts for transmit- 
ting power and a narrow belt which so wraps around them 
as to retain the slats that are not covered by the driving belts. 
Between the drums is placed an idler which insures a con- 
stant belt contact of 270 degrees. As will be seen, the power 


is transmitted by direct belt pull at the face of the drum so 


Fig. 1. “Simplex” Variable Speed Countershaft. 


that there is no twisting movement whatever and the loss of 
power in transmission is consequently very small. 

The action of the countershaft is clearly illustrated by the 
diagrams shown in Fig. 2, in which @ represents the shaft 
running at a constant speed and V is the shaft from which 
the machine is driven and which runs at a speed that varies 
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bed is of unusually rigid and heavy construction and of such 
form that the downward pressure of the cut will come 
directly under the tool. The carriage and tailstock are car- 
ried on independent ways, at the front and back of the bed 
respectively, so that it is possible for the carriage to pass 
entirely by the tailstock. The power feed is operated from 
the apron and may be automatically released at any point 
by means of adjustable stops. The feeds range from 1-32 to 
1-3 inch per revolution of the spindle for either turning or 
screw cutting. Provision is made on the carriage for using 
two or more tools which are carried in independently adjust- 
able tool blocks. The lathe is driven by a 6-inch belt running 
on a three-step cone pulley and all the gearing of the head- 
stock is carefully guarded with iron casings. 


FORTY-INCH HORIZONTAL BORING AND DRILLING 
MACHINE. 

A machine that is adaptable to a very wide field of shop use 
is the horizontal boring and drilling machine that is illus- 
trated in the accompanying photograph. It consists of a bed 
plate on the high portion of which is fitted a column that 
is arranged to have longitudinal traverse. On this column 
is a saddle carrying a spindle which is provided with a geared 
feed motion and the end is arranged for a Morse taper. The 
saddle is fully counterbalanced and is raised and lowered by 
hand. The spindle is moved by hand, either slowly for feed- 
ing or rapidly by spoke wheel for quick adjustment, and in 
addition it has several power feeds. 
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Fig. 2. Illustrating the Action of the “Simplex” Countershaft. 


as the ratio of the diameters of the two drums is changed. 
The full black line represents the driving belt and the sec- 
tioned line is the retaining belt. In the first position shown 
the drum on the constant speed shaft is reduced to its small- 
est diameter and the variable speed shaft is consequently 
driven at its slowest speed. The last view shows the constant 
speed drum raised to its largest diameter, in which 
case the variable shaft is driven at its greatest speed. 
The total variation of speeds obtainable is 10 to 1 

When the mechanic has discovered the most effi- 
cient speed at which his machine should be driven he 
desires a mechanical device to indicate this speed so 
that, in the future, when he has occasion to use the 
same speed he can immediately adjust the counter- 
shaft to obtain it. By such a device he can tell at a 
glance whether his machine is working at its full 
capacity. A device of this kind is a part of the equip- 
ment of this countershaft, and it is known ag the 
speed controller. On the face of this controller are 
scored efficient cutting speeds at which the tool should 
be driven and all that theoperator has to do is to 
turn the hand wheel until the indicator finger regis- 
ters the number for the particular case in hand. 

This ‘controller is also equipped with a device which 
will automatically increase the speed of the tool. For 
instance, on boring mills where the cut is from the 
outside to the center, by a series of worms and star 
feed the controller is arranged to increase the speed 
of the tool as it approaches the center. This countershaft is 
built in sizes from one to five hundred horse power by the 
Speed Control Co., Philadelphia, Pa. 


A RAPID REDUCTION LATHE. 
The Lodge & Shipley Machine Tool Co., Cincinnati, Ohio, 
have brought out a “rapid reduction” lathe designed especially 
for heavy turning with the new high-speed tool steels. The 


To the other portion of the bed plate is fitted a universal 
table which is capable of handling work of several thousand 
pounds weight. This table has a sliding movement to and 
from the column, being operated by a rack and pinion, The 
top has a pivoted movement, from a horizontal to a vertical 
plane, and can be rigidly clamped at any angle. It also has 
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Forty-inch Horizontal Boring and Drilling Machine. 


a rotary movement which makes it possible to drill holes in 
any part of a hemisphere or in five sides of a cube without 
rechucking the work. If large work is to be machined the 
table can be removed from the bed. When the machine is 
used for boring, an outside support for the bar is provided 
which can be used either with or without the universal table. 
Steel scales for accuracy of adjustment are furnished if de- 
sired. 
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When the machine is motor-driven, as in the illustration, a 
special arrangement of cone gearing is provided to give the 
different speeds to the spindle without the use of belts. The 
machine is manufactured by the Detrick & Harvey Machine 
Co., Baltimore, Md. 

BOILERMAKER®’ SPLITTING SHEAR. 

The machine shown below is a boilermakers’ splitting 
shear of the type having an offset frame in line with the 
throat, which permits the two parts of a plate being cut, to 
pass freely on each side without distortion, save that one 
piece is bent downward at a slight angle as it leaves the 
shear blade to pass under the offset portion of the frame. To 
make the matter clearer the frame section in the plane of the 
throat is made like one step of a stairs, and one piece of the 


Boilermakers’ Splitting Shear. 


split plate passes along the upper side of the step (on the 
opposite side of the machine from that shown) and the other 
portion along under the step on the side shown. The ratio 
of gearing is 20 to 1, and a clutch is provided for starting. 
The machine is made in three sizes for %4, 9-16 and %%-inch 
plates respectively, and in each size the shear blade is 10 
inches long. When shearing plates the tie-bolt shown in the 
cut is removed, but it should be in place when cutting bar 
stock. The shear is made and sold by the W. C. Young Mfg. 
Co., Worcester, Mass. 


A QUICK RETURN FOR THE MILLING MACHINE PLATEN. 


The Carter & Hakes Machine Co., Winsted, Conn., have re- 
cently adopted an automatic quick return mechanism for the 
table of their Lincoln type of milling machines. The pur- 
pose of the mechanism is to automatically and quickly return 
the table as soon as the end of the cut is reached. The return 
movement is thrown into operation as soon as the feed worm 
is released from its connection with the wormwheel on the 
feedscrew and, since it is driven from the countershaft by an 
independent belt, the return is always at the same speed 
irrespective of the speed at which the forward feed may be 
operating. When the quick return belt is not in operation it 
runs upon a loose pulley. A lever, attached to the end of the 
carriage, shifts the belt from this pulley onto the driving 
pulley as soon as the end of the table travel is reached, and 
thereby throws the quick return into operation. When the 
table has completed its return a dog engages the lever and 
throws the belt back onto the loose pulley again. The mechan- 
ism may be applied to any machines of this type and it in no 
way interferes with the regular arrangement for moving the 
table by hand. 
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A UNIVERSAL BORING TOOL HOLDER. 

The “Tiffany” universal boring tool holder which is illus- 
trated herewith, was designed for general use with tools of 
round, hexagon or square steel as well as for holding flat, 
straight shank, and gun drills. The tool, which is held be- 
tween two V-blocks, is rigidly clamped by two setscrews in. 
such a manner as to insure no chattering. In addition to 
the adjustments obtainable with the usual type of tool holder 
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Universal Boring Tool Holder. 


this has the advantage of a vertical adjustment, which will 
be found often of great convenience. The vertical movement 
is obtained by loosening the two clamping screws and moving 
the wedge in or out by means of a knurled thumb screw and 
taper wedge. This keeps the cutting tool constantly parallel 
with the work. These holders are made in three sizes and 
their sale is controlled by the Miami Valley Machine Tool Co., 
Dayton, Ohio. 


AUTOMATIC TAPPING MACHINE. 

A new and very convenient tapping machine, capable of 
tapping holes up to %-inch, is illustrated in the cut herewith. 
The mechanism is so arranged in the casing that the spindle 
will stop after the reverse on each tap, leaving it stationary 
while the machine is running at full speed. This enables 


Automatic Tapping Machine. 


the cone pulley to act both as tight and loose pulley, and 
backing and feeding belts are not required. The tap on 
reaching the bottom of the hole reverses at a speed two and 
one-half times as fast as the feed and there is no friction 
whatever occasioned by the reversal. This machine is the 
product of the Atlas Machine Tool & Die Works, Cincinnati, 
Ohio. 


J. W. Bourn, who for the past year has been a foreman in 
the machine shop of the Gruson Iron Works, Eddystone, Pa., 
has tendered his resignation and has accepted the position of 
assistant superintendent of the George V. Cresson Co., Phila- 
delphia. 
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CONCRETE FOUNDATIONS. 


PRACTICAL HINTS FOR BUILDERS OF MACHINERY FOUNDATIONS. 


R. P. KING. 


From time to time during the past few years there have 
appeared in the columns of the technical press, articles per- 
taining to foundations and methods of anchoring machinery 
to them. Several years ago I assumed my first responsible 
position and a few months later was called upon to put down 
foundations and set up machinery amounting to some $20,000. 
The drawings were from the office of a consulting engineer 
and were “non-committal,” to say the least. I was certainly 
“up against it.” I seached my file of papers for the articles 
referred to, but when found they told me next to nothing of 
the nature and qualities of cement, lime, sand, stone or brick. 
A little book on “Foundations” was purchased but proved to 
be an exposition of the foundations of immense structures, 
those of the East River bridge occupying a large share of the 
book. I did not know, at that time, that the information I 
was in search of was contained in text books and papers on 
civil engineering; as it was, I just went ahead on my nerve 
and, as good luck would have it, I came out all right. 

What I want to do in this paper is to tell a few of the 
things I have found out since that time—things that one is 
supposed to know but which a great many do not know. 

The possibilities of concrete are almost without limit and 
one of its most “useful uses,” is for the foundations of machin- 
ery. For both footings and piers it far surpasses either brick 
or rubble, both in excellence and cheapness. Concrete is, of 
course, composed of sand, broken stone or gravel, and cement; 
the proportions varying for different grades of material and 
classes of work. Sand is formed by the disintegration of vari- 
ous rocks and, like them, may be divided into three general 
classes: calcareous, silicious and argillaceous. The calcareous 
sands are those arising from lime-bearing rocks and while 
rare, are valuable for both mortar and concrete. The silicious 
Sands are composed of quartz or feldspar and are the most 
common and valuable. The argillaceous sands are the clayey 
sands and are worthless for our purpose. Builders classify 
sand according to the size of the grain. When the grains run 
from 1-16 inch to % inch in diameter it is called coarse sand; 
while between 1-24 inch and 1-16 inch it is called fine sand. 
Any mixture of these two grades is called mixed sand. 

Bank or pit sand is considered the best for concrete work 
as the grains are more angular and sharp than those of river 
Sand. Under a microscope good sand will show a sharp and 
irregular appearance. 

Bank and pit sand, is, however, apt to be mixed with clay 
or loam, and if this is the case it must be thoroughly washed 
before using. This is done by placing the sand in a large 
box and turning a stream of water on it. The box should 
have cracks in the bottom between the boards to let the 
water out, but the cracks should not be large enough to let 
much sand through. Sand may be washed in the wagon or 
cart in which it is hauled. After washing, the sand should 
have an opportunity to drain before being used. Perfectly 
clean sand may be rubbed between the fingers without soiling 
them. The amount of dirt left on the fingers after such 
handling is a good index of the cleanliness of the sand. 

Sand for concrete work should not contain more than 40 
per cent. of void. To determine this percentage weigh a buck- 
et, then fill it with water and weigh again. A simple problem 
in subtraction will give the weight of water contained in the 
bucket. The water is then emptied into another vessel and 
the bucket filled with damp sand. Add water to the sand 
until the bucket is quite full and by weighing the water that 
remains determine the amount of water that has been added 
to the sand. The amount of water added to the sand divided 
by the total weight of water, will give the per cent. of void 
in the sand. 


The gravel used in this work is nearly always found in con- 
nection with the sand. The mixed sand and gravel in the 
bank should first be screened over a screen having a %-inch 
mesh; what falls through should be tested for voids and, if 
necessary, screened again to bring the per cent. of void low 
enough for economical working. The gravel on top of the 
screen should be screened again, this time over a 1%-inch 
mesh screen to remove the large stones. In good gravel the 
stones are hard, irregular in shape, and varying in size. 

Broken stone makes rather better concrete than gravel but 
it is more expensive. Trap or volcanic rock makes the best 
concrete but limestone and quartz rock are often used— 
especially in the middle west. The stone should be graded 
from 14 inch to 1 inch in diameter. 
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SECTIONAL ELEVATION 
Fig. 1. Home-made Concrete Mixer. 

Both gravel and broken stone should be well washed before 
using. This is done in a manner similar to the sand washing. 
In the case of broken stone the washing may be done just 
before using, thus avoiding the necessity of giving the stone 
an extra wetting; for dry stone would have a tendency to 
draw the water out of the concrete and should therefore be 
worked wet. 

The cement used in concrete work should be of good qual- 
ity; generally speaking the better the cement the better the 
concrete. Portland cement is the best and also the most ex- 
pensive. If the finished work is to have considerable time 
to harden, a natural cement may be used. Rosendale in the 
east and Louisville in the west may be taken as characteristic 
natural cements. 

As a rule the heavier cements are the best—Portland ce- 
ment should weigh about 375 pounds to the barrel (net) with 
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Rosendale at 300 pounds and Louisville at 265 pounds per 
barrel. 

The more finely ground the cement the better, as it is only 
the finest portion that has any value as cement. With Port- 
land cement, between 90 and 92 per cent. should pass a sieve 
of No. 40 wire (Stubbs gage) 100 to the inch (10,000 meshes 
per square inch); and with natural cement 80 per cent. 
should pass through the same sieve. One soon learns by the 
feeling of cement as it is rubbed between the fingers, whether 
it is finely ground or not. 

Natural cement should not take its first set in less than 10 
minutes and should not require more than six hours for its 
final set. The term “first set” may be determined by a pat 
of neat cement supporting without indentation a 14-pound 
weight on a wire 1-12 inch in diameter; final set by the pat 
supporting a 1-pound weight on a wire 1-24 inch in diameter. 
Portland cement should not take its first set in less than 
thirty minutes and should take its final set in not more than 
ten hours. 

To sample a lot of cement in barrels, take an auger and 
drill into the barrel well toward the center. Enough should 
be taken out to make a pat some 8 inches in diameter and Y% 
inch thick at the center, tapering to 1% inch at the edges. 
The cement should be mixed with just enough water to form 


a dough and should be worked for several minutes, then - 


formed into the pat. A piece of glass or an old plate is the 
proper thing to make the pat on. This pat should be watched 
to determine the first set and should then be covered with 
a damp cloth, for about 24 hours. At the end of that time 
it should be placed in water (plate and all) and kept there 
for several days or even three or four weeks. It should show 
no sign of disintegration along the thin edges, and no signs 
of distortion, or expansion cracks. Cement in bags may be 
tested by selecting samples from bags, at random, and mixing 
them together, then taking a sample from the mixture to form 
the pat. Cement showing lumps should be looked upon with 
suspicion and tested thoroughly. 

If samples of cement fail in these simple tests it should 
either be rejected or taken to a person competent to conduct 
a more rigid examination. 

The sand gravel, and cement, of satisfactory quality for the 
work in hand being brought together, the proportions for 
compounding next claim our attention. The ingredients 
should be thoroughly mixed and in such proportion as to 
secure economy of material and at same time to produce a 
substance resembling, as nearly as possible, the character of 
stone. The proportion of sand should be such as to fill the 
voids in the gravel, and the cement should just fill the voids 
in the sand. This is the most economical mixture obtainable. 
The void in ordinary sand will vary from 35 to 50 per cent.; 
therefore the difference in cost of concrete using the two ex- 
tremes would be about as 4 is to 5, the difference being in 
favor of the sand having the less voids. 

When the gravel contains 50 per cent. void, the proportion 
of sand to gravel will always be as 1 is to 2; with sand of 50 
per cent. void the proportion of cement to sand will also be 
as lis to 2. In this case the proper proportion would be: 1 
of cement, 2 of sand and 4 of gravel. If the sand contained 
33 per cent. void, the proportion would have been: 1 of ce- 
ment, 3 of sand and 6 of gravel. After once testing, the pro 
portions would, of course, remain constant for any locality. 

One part Portland and 4 or 5 parts of natural cement, 
make a very good cement to use for ordinary work, as it is 
stronger than all natural cements and is only a trifle more 
expensive. At the end of seven days the strength of natural 
cement is only about 144 that of Portland. At the end of the 
first month the ratio is %, the natural cement having gained 
strength more rapidly. For this reason, foundations built of 
natural cement should not be used for at least two weeks. 
Foundations of concrete should be of the same size as those 
of brick or stone, the weight of good concrete being about 
the same as that of brick and somewhat greater than that of 
rubble, but the allowable compression is greater for good 
concrete than for either brick or rubble. 

For the best results, the concrete should be accurately 
measured and thoroughly mixed. The sand and gravel may 
conveniently be measured in rectangular wheelbarrows (not 
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round bottom barrows) of suitable size and the cement may be 
shoveled into a box or other measure, or may be purchased 
in bags containing about one cubic foot (14 barrel exactly )— 
which makes a convenient measure. In mixing, the ingredi- 
ents should be turned at least twice—once dry and once wet. 

When mixing by hand I dump the ingredients together on a 
plank floor and then shovel onto a new pile, mixing constantly 
with iron rakes. The pile is then shoveled over again in 
the same manner except that the proper amount of water is 
sprinkled on, during the mixing. For hand mixing the batches 
should not contain more than one cubic yard. Care should 
be taken to be sure that the time of mixing does not exceed 
the time taken by the cement for its first set, as the concrete 
should be in the foundation and well rammed before it takes 
its set. The water should also be measured and should be 
added by sprinkling rather than by pouring it all on at once. 

No proportion can be given for the amount of water re- 
quired but after a few batches have been mixed, one can 
readily determine this quantity. The concrete should appear 
to be just ready to show the water—perhaps as soft as plas- 
ter. If it is too dry, there will be holes in the foundation; and 
if it is too wet, it cannot be rammed at all. However, it is 
better to be too wet than too dry. 
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Fig. 2. Form for Concrete Work. 


When putting it in, the concrete must be built up in layers 
of from 4 to 6 inches, and each layer thoroughly compacted 
by iron rammers. It is rammed sufficiently when the water 
comes to the top. The concrete should also be washed down 
along the edges of the forms with a spade to insure a neat 
looking job on the outside. 

The best concrete is machine mixed; for with this method 
there is no tendency to slight this very important step. Fig. 1 
is a home-made concrete mixer. The box may be made of any 
hard wood and is provided with a wooden or iron slide at the 
bottom, for removing the concrete. The revolving knives or 
mixers are bolted to an octagon shaft which has bearings 
turned on it and a pulley on one end. The speed should be 
about 40 revolutions per minute, and a 24-inch pulley with 
a 4-inch belt will drive it. The sand, gravel, cement, and 
water are put in from a platform, and the concrete is dumped 
into a wheelbarrow placed under the machine. The machine 
should be washed out every night after using. 

I have not said anything about the forms for concrete work. 
Of course they must be strong, tight and smooth on the 
inside. Fig. 2 shows an isometric view of a form for a wall 
about 10 feet high. It will be noted that the wall is braced 
in three places, besides being wired. The wire is about No. 
12 iron wire. The braces AA are loose, or only tacked in 
place, and are removed as the wall is built up. Do not nail 
the sheeting too securely to the studding. Any carpenter can 
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put these forms up and the cheap, unskilled men that wheel 
the concrete may be employed to assist in the bracing and 
sheeting. Different methods of bracing the forms will readily 
suggest themselves to the mechanic in charge, to conform to 
the local conditions. Fig. 2 shows the wall with a footing 
extending several inches outside it. If the ground is firm, 
no sheeting is required for this footing, as the concrete is 
merely thrown into a trench and rammed. In any case the 
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Fig. 3. Anchor Bolts and Plates. 


wall is brought up as far as the point B and allowed to set 
a few hours before the forms for the wall proper are started. 

When designing foundations the different walls and piers 
should be made as nearly alike as possible, so that the forms 
can be made in sections and reset for new piers without 
alterations. 

If possible, foundations should rest on hard pan, gravel, or 
hard clay. Made ground should be shoveled out for a depth 
of at least 12 inches below the bottom of the foundation and 
rammed as hard as possible. The 12 inches should then be 
filled with clay puddle, well rammed in place. The bearing 
power of made ground is only about 1 ton per square foot 
while the best of gravel or hard pan may run as high as 5 tons 
per square foot. The footings for the foundations should be 
proportioned with this fact in view, even varying the different 
parts of the same footing; the idea being to keep the settle- 
ment as uniform as possible. 

If the bottom course of the foundation rests in water, the 
concrete must be treated a little differently. If there is only 
a few inches of water, say less than 12 inches, the concrete 
may be mixed dry and dumped carefully into the trench and 
slightly rammed. Should the water be much deeper the con- 
crete may be mixed as for ordinary work, tied up in jute sacks, 
and the sacks laid closely in the trench, taking care to bond 
them together after the fashion of brickwork. 


PROPORTION. REQUIRED FOR ONE CUBIC YARD. 
Cement. Sand. Gravel. Cae ee peer 
1 2 4 1.34 0.41 0,81 
1 2 5) iy 0.36 0.89 
1 216 5 1.10 0.42 0.83 
1 3 5 1.03 0.47 0.78 
1 3 6 0.92 0.42 0 84 
1 bls 4 0.80 0.48 0.85 
1 4 8 0.71 0.48 0.86 


After the foundations are finished to within 44 inch of the 
top, a layer of rich cement mortar, composed of 1 part cement 
to 1 part sand, should be put on, and swept off perfectly level 
with a straightedge. After this mortar has taken its first set 
it may be smoothed with a trowel. The sides may also be 
plastered with the same mortar and after it has taken its 
first set, lined off to resemble stone. 

Fig. 3 shows several styles of anchor bolts and plates. A 
is an excellent arrangement, as is B. The other styles have 
little to recommend them except cheapness. 

For important work such as engines and rolling mills, the 
foundations should be arranged with tunnels and pockets so 
that the bolts may be pushed down through the holes and the 
nuts and washers put on from below. 

When the threads extend into the concrete they should be 
well oiled to prevent the concrete sticking to them, if it is 
expected to use the thread for adjustment. 

Foundations having piers and tunnels should be provided 
with ample drains to carry off water and oil; these drains 
should be large and straight to facilitate cleaning, for they 
make convenient places for old shoes, bunches of waste, etc. 
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The cost of concrete depends on the quality of the structure 
and the location as regards raw material. The foundations 
of a building with walls of concrete arranged after the fashion 
of Fig. 2 will cost for labor about $2.00 per yard. This in- 
cludes carpenter work, handling the material, superintendence, 
etc. For large and bulky foundations this cost will be less. 
Portland cement concrete bridge pieces have been put in for 
$3.00 per yard, complete, including materials and labor. 

In estimating the cost of concrete the table in the 
preceding column, condensed from Thatcher’s experi- 
ments, may be of value: It will be noticed that the 
material shrinks about 25 per cent.; this will vary 
with the amount of ramming the work receives. It 
might be well to note in the table herewith the fact 
that from 1—2—4 to 1—3—6 are the limits for 
first-class work; and from 1—2144—5 to 1—4—8 
for second-class work. The weaker mixtures are to 
be used for filling or where the object is weight 
rather than great strength. 

* * * 


AMONG THE SHOPS. 


NOTES FROM THE SHOPS OF THE OTT. MERGENTHALER 
COMPANY. 

While in Baltimore, Md., a few weeks ago, several hours 
were profitably spent in the well-known shop of the Ott. 
Mergenthaler Co. It is a shop of more than ordinary interest 
inasmuch as it is the birthplace of the linotype machine, now 
used in almost all newspaper offices for composition. In 
fact many of the weekly and monthly publications, including 
MACHINERY, use linotype composition exclusively for their 
reading pages. The idea of casting a line or bar of type- 
metal, commonly called a “slug,” from a row of female dies 


i ey zl = od 


Fig. 1. Boring Three-cylinder Gas Engine on Drill Press. 


or matrices with the letters cut intaglio, is distinctly an 
original conception of Mergenthaler, and is what greatly dif- 
ferentiates his invention from other type-setting and type- 
casting machines. The name of the machine, “lin-o’-type,”’ 
was a unique and happy thought, giving in a word an epitome 
of the principle. The linotype is not now built in this shop, 
the patents having been sold by Mergenthaler some time be- 
fore his death to the Mergenthaler Linotype Co., of Brooklyn, 
N. Y. The shop is still run by the estate, doing high-class 
jobbing work and making linotype repair parts—an interest- 
ing specialty—also manufacturing the “Paradox” or Mergen- 
thaler inserted blade reamer, and an inserted tooth milling 
cutter, 

To say that the reamer per se is an important tool in ma- 
chine shop practice—in fact that it is indispensable wherever 
standard size holes and interchangeable work is being done— 
is but to state an obvious fact. It is also obvious that holes 
cannot be reamed to standard size unless the reamers them- 
selves are kept to a standard. But to keep a set of solid 
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reamers to a fixed standard is a job that costs a lot of money 
and time—too much in fact to be done in most shops. With 
an inserted blade reamer of reliable construction, however, 
the keeping of a set of reamers to standard size is easily 
within the possibilities of any ordinary tool-room. 


With a 


7. 


Fig. 2. Reaming Cylinders with Mergenthaler Reamer. 


set of adjustable reamers there is the great advantage of 
being able to use them indiscriminately for all classes of 
work, and they can be made to do work on the drill-press that 
ordinarily would be reserved for the lathe or boring mill. 
The accompanying illustrations, Figs. 1, 2,3, 4 and 5 UWlustrate 
a case in point which is work being done regularly in the 
Mergenthaler shop. 

The casting shown in the half-tones is the cylinders of a 
three-cylinder gas engine, 4% inches by 414 inches, constructed 
for a leading automobile builder. Fig. 1 shows the cylinders 
held in a jig and being bored with a boring-bar carrying a two- 
ended cutter. The boring-bar is supported at the lower end 
by bushings in the jig, and the cutter removes the scale and 
most of the stock, leaving .020 inch for reaming to size. Fig. 
2 shows a Mergenthaler inserted blade reamer of the shell 
type mounted on an arbor for finishing the bore. The arbor 
is made with two keys or feathers, diametrically located, for 
driving the reamer shell. The blades are preferably made 


Fig. 3. Tapping Cylinders with Mergenthaler Tap. 


short for work of this character in which the drill-press 
spindle supports and partially guides the tool, the blades 
being in this case about 14% inch long. With the short blades it 
is easier to make the hole perfectly cylindrical. The import- 
ance of boring the cylinders of gas engines as round and 
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parallel as possible, is recognized by all gas engine makers, 
and some resort to expensive means for securing the desired 
result. The reamer seems to do the job nicely and in a very 
simple manner. 

In this gas engine the heads are screwed in, seating against 
a 3-degree bevel next to the counterbore. The threaded part 
is also tapered as in American pipe thread practice, and an 
inserted blade reamer is used for this purpose. Following the 
reaming of the tapered mouths of the cylinders comes the 
threading operation, which is done with an inserted cutter tap 
made on the same principle as that of the reamer. The tap 
for this purpose is shown in position for threading in Fig. 3. 

In stating that the tap used is made on the same principle 
as the reamer, it should be explained that this applies to one 
style of reamer only. The simplest form of Mergenthaler 
reamer is made with a steel body having longitudinal slots in 
which each blade is held by two or more screws tapped along- 
side and holding the blade by their heads bearing upon a 
ledge planed on the blade below the cutting edge. Adjustment 
for wear is made by packing beneath the blades with thin 
strips of paper. The taps are made on the same principle, 
forming a solid yet adjustable construction. The universal 
adjustable Mergenthaler reamer is made so that all the blades 
may be advanced outwardly simultaneously. Each blade is 
underlaid with a wedge which can be moved longitudinally 
by a milled nut, and as all the wedges are made the same 
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Fig. 4. Counterboring, Reaming and Tapping for Exhaust Bonnets. 


taper and all are given the same amount of longitudinal move- 
ment, all the blades move outwardly the same distance. In 
adjusting the simple type of reamer for wear it has been 
found to answer all practical purposes to compensate for 
slight wear by packing first under only one blade. <A strip of 
thin cigarette paper under one blade usually suffices. Then 
as wear increases, the same thickness is packed under an ad- 
jacent blade, and so on until all have been packed out. While 
this practice may not seem exactly correct in theory, it has 
been found to work well in practice, and is the plan followed. 
The same applies to the taps. 

Fig. 4 shows a cylinder casting on another drill-press table 
for the operations of reaming, tapping and seating the exhaust 
valve bonnets. One of the bonnets is shown in the line sketch, 
Fig. 5. These bonnets screw into the cylinders so that a tight 
joint is made under the shoulder; also on the surfaces A A. 
The cavity shown in the side of the bonnet matches a passage 
in the cylinder through which the exhaust gases escape to 
the muffler. While the pressure is not great it is very neces- 
sary that a perfect joint be made at A A, nevertheless, as the 
hot exhaust is very searching and would escape sufficiently 
under the back pressure of the muffler to be a nuisance, if it 
were otherwise than tight. A jig is clamped to the cylinder 
casting, and the reamer shown in place in the cut is first used 
to ream out the rough cored hole so as to form a guide for a 
pilot reamer which follows. The pilot reamer is shown stand- 
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ing on the table next to the casting. This reamer is unique 
in that the blades are inserted on a spiral. The pilot is 
made collapsible, that is, the pilot as it reaches the bottom of 
a cavity, may press its stem upward into the body of the 
reamer against the resistance of a coiled spring. This familiar 
expedient is, of course, simply to extend the working range of 
the pilot over what would be possible with a solid construction 


Exhaust Valve Seat 
Industrial Press N.Y. 


Fig. 5. Exhaust Bonnet. 


because of the limited depth of the holes. This reamer per- 
forms two functions: It surfaces the side of the casting so 
as to make a concave bearing for the finished sides of the 
bonnets already referred to. One of the concave finished sur- 
faces is indicated at A in Fig. 4. The reamer also faces the 
surfaces against which the shoulders of the bonnets are 


screwed. From the nature of the work that this reamer has to 
do it will readily be seen why spiral blades are used. ‘They 
F 
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shown at AA’, in Fig. 6. Two set-screws DD are provided 
in each to lock the shaft firmly. Three hardened steel cup 
centers are sunk in the face of each piece and, in location, 
coincide with the axes of the crankpins. The sides of the 
castings opposite the set-screws, are planed true and at 
equal distances from the center. In assembling a crankshaft 
for turning, the carriers are set on a surface plate on their 
planed edges with the crankshaft in place, but not firmly 
locked by the set-screws. The crankpins are then located so 
that their axes will coincide with the lines joining the cup cen- 
ters, by the use of a surface gage. This is a simple matter. The 
gage pointer is set so as to just touch the upper side of crank 
G’ and by the process of trial and error, the crank G’”’ is made 
to stand at the same height from the surface plate as @’. 
This being done, the cup centers C CC will be found to coin- 
cide with the crank axes. In turning the cranks it is the 
plan to avoid removing metal in the lathe if it can be done 
on the milling machine. Therefore the sides of the cranks, 
as at FF, are milled off with straddle mills instead of doing 
it slowly on the lathe with always the imminent possibility 
of having the tool catch and spring the crankshaft out of 
alignment. 

The manufacture of reamers is distinctly separate from 
the making of linotype repair parts and the jobbing work. 
No pains are spared to make a first-class product in every 
particular. The general foreman is practically given carte 
blanche to use the best material and means for producin2 
this product. An interesting phase of this work is hardening 
and tempering the blades. The hardening is done in a “dark 
room,” that is, a room that is shielded from the direct rays 
of the sun so that the interior is in a perpetual gloom. This 
provision is, of course, so that the hardener can more easily 
determine the particular shade of ‘cherry red’ which he has 
found best suited for reamer blade hardening. “American” gas 
furnaces are employed for hardening and tempering. In the 
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Fig. 6. Carriers and Mounting for Turning Three-throw Crankshaft. 


work much smoother than would ordinary straight olades. In 
fact a reamer under the conditions imposed acts virtually like 
a milling cutter and performs the same function. Following 
the reaming operation is the tapping operation which is also 
done with an inserted cutter tap shown in the cut. It is not 
necessary to make the holes tapped in the castings for the 
bonnets bear a certain relation to the face A, Fig. 5. This 
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Fig. 7. Clamp for Straightening Spring Reamer Blade. 


face is brought in correct relation to the cylinder when screwed 
down tightly against the shoulder, by putting brass gaskets 
under the shoulders, the proper thickness being obtained by 
trial. 

The crankshafts for the gas engines are steel drop forgings. 
After the ends have been centered, rough turned and squared 
up, they are mounted in triangular cast-iron carriers, as 


hardening process it is inevitable that some of the blades 
will spring out of truth. These are placed in a clamp, Fig. 7, 
and a certain degree of pressure applied by the thumbscrew 
before tempering. The clamp with its blade are then dipped 
into a bath of Houghton’s tempering oil which is kept at a 
temperature of about 450 degrees F. The temperature is in- 
dicated by a Queen & Co.’s glass thermometer immersed in 
the oil and as the oil bath is heated by a gas furnace, the 
regulation of the temperature to the exact degree required 
is an easy matter. Of course all the blades are tempered in 
the oil bath the same as those which are sprung, but these are 
dipped without being clamped, as are those that are sprung. 

Among other interesting features of this shop which are 
the product of Mergenthaler’s genius, are a number of his 
universal milling machines. Quite a number of these ma- 
chines were built and sold. They are unique in a number of 
features, having for instance, geared feed. So far as we 
know this is the first Knee-and-column type of milling machine 
built and sold having geared feed. 

* * * 


In a paper read June 4 by Dr. A. Haarmans of Osnabruck, 
Germany, before the Mining and Smelting Section of the In- 
ternational Chemical Congress held in Berlin, the statement 
was made that 19,000 tons of steel rails are annually ground 
to dust on the railways of Germany, and it was estimated 
that the total amount annually destroyed by friction on the 
world’s railways, is about 247,000 tons. It was also stated 
that in Europe steel ties are now as cheap as wooden ones, the 
cost being of course based on their comparative durabilities. 
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BELECTRICAL EQUIPMENT OF AN ARCHITEC- 
TURAL IRON WORKS. 

The shops of the Snead & Company Iron Works, Jersey City, 
N. J., have recently been completely equipped with Crocker- 
Wheeler electric motors, the installation including motors for 
driving both tools and cranes. These shops manufacture or- 
namental and structural iron and steel, and as the material 
handled is largely of a bulky nature, requiring considerable 
floor space, line shafting would have had three marked dis- 
advantages: The necessarily long lines would consume an 


Peculiar Belt Drive for Drill Presses. 


Fig. 1. 


excessive amount of power in friction, would render the con- 
venient placing of the driven members difficult, and with 
the accompanying belts would interfere with the crane and 
derrick facilities needed for handling the heavy product. 

The buildings, exclusive of the office, afford a total floor 
space of 31,350 square feet divided among the various de- 
partments, including foundry, charging-room, compressed air 
plant, fitting shop and box-shelf shop. The foundry is in a 
building 280 feet long by 52 feet wide, and is traversed by 
two cranes. One, which has been in use for some time, 
was built by the Yale & Towne Manufacturing Company, and 
is equipped with three Crocker-Wheeler series motors, with 
a new Niles crane similarly equipped. The blast for the 
cupolas is supplied by a Roots rotary blower, No. 6, driven at 
about 180 revolutions per minute through a geared connec- 
tion to a 45 horse power shunt-wound C. W. motor. This 
apparatus is housed in an adjoining smaller building, along 
with a 12 x 12-inch air compressor, built by the Norwalk Iron 
Works, used for the supplying of compressed air to the pneu- 
matic chipping and riveting tools, hoist, drills and sand shak- 
ers. The compressor is driven by an overhead 45 horse power 
C. W. compound motor and is capable of delivering 256 cubic 
feet of free air per minute under a pressure of 80 pounds per 
square inch. An ingenious disposition has been made of the 
old 80 horse power boiler, formerly used to furnish steam to 
a steam-driven air compressor, by now utilizing it as an air 
storage tank to steady the fluctuating demands upon the 
compressor. 

The fitting shop contains a variety of tools, of which the 
following data concerning motor equipment may be of interest, 
especially with reference to sizes of motors used. 

The punches and shears, which may be used interchange- 
ably, for one purpose or the other, by substituting the proper 
tools, are of Long & Allstatter make and are driven through 
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two trains of gears by Crocker-Wheeler motors. The largest, 
shown in Fig. 2 accompanying is a No. 00, capable of 
shearing a 6 x 6 x 1%4-inch angle-iron, and is driven at 24 
strokes per minute by a 7% horse power motor running at 
1,000 revolutions per minute. A No. 4 punch is driven by a 3 
horse power motor reducing in speed from 1,050 revolutions to 
32 strokes per minute. A No. 0 and a No. 1 shear are each 
driven at 24 strokes per minute by a 5 horse power motor run- 
ning at 1,065 revolutions. A special lathe for facing off the 
ends of columns is belt-driven with two speed reductions by a 
15 horse power compound motor running at 840 revolutions 
per minute. 

Two drill-presses, illustrated herewith, being of about the 
same size and usually running simultaneously, are placed 
back to back and driven from a single belt passing succes- 
sively over the driving pulleys of each press and the motor. 
The motor is supported between and above the presses on 
brackets attached to the press frames. A third smaller drill- 
press is driven by a 1 horse power motor, and the fourth, 
with a small emery wheel and a grindstone is driven 
through a short line shaft by a 3% horse power motor. 
A Norton double emery grinder with two 18-inch wheels is 
driven by a 3 horse power motor at 1,100 revolutions per 
minute and a Diamond Machine Company’s face-grinder with 
a 14-inch wheel and a 36-inch stroke of bed, operates from a 
5 horse power motor. 

The remainder of the fitting shop embraces a cold-saw belt- 
driven by a 5 horse power shunt motor running at 1,065 revo- 
lutions; a New Haven planer with a 10-foot by 30-inch bed, 
driven by a 6%4 horse power compound motor; a Gould & 
Eberhardt 24-inch shaper belted to a 2 horse power com- 
pound motor, and a No. 5 Sturtevant blower for all black- 
smith work, delivering 4,500 cubic feet of air per minute 
when driven at 1,090 revolutions per minute by a 4 horse 
power motor. , 


Fig. 2. Motor Attachment for Punch and Shear. 


In the pattern shop individual drives are also employed. 
“The buzz-saw is driven by a 5 horse power motor. A semi- 
inclosed type of motor is used for this on account of its heat- 
ing less at high speed, and as it was necessary to prevent the 
saw-dust carried back by the belt from eventually finding its 
way into the working parts of the motor, a fan was placed on 
the end of the motor shaft with the blades bent so as to blow 
the dust away from the motor. 

* * * 

The high price paid by the United States Government for 
armor plate, affords a large profit to the manufacturers, no 
doubt, but then it is not all cream. The material used for 
making armor plate is not a simple carbon steel, casehardened 
as some would have us believe, but is a steel that is alloyed 
with nickel and sometimes chromium, both of which are high- 
priced metals. Nickel has the effect of toughening the steel, 
and chromium hardens it. The heat treatment is alSo a com- 


plicated process that has to be carefully conducted to secure 
uniform product, having a hard face and a tough back. 
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METALLIC PACKINGS.* 


THEIR HISTORY AND DIFFERENT FORMS. 

The author, Mr. Charles Longstreth, introduces his subject 
by saying that metallic packings attracted attention at a very 
early date in the history of the steam engine. Edmund Cart- 
wright’s patent of 1797, No. 2,202, specifies the following: 
“The piston rod is also packed upon the same principle, that 
is to say, solely with metal which is thus done: The top of 
the cylinder being made true and smooth, a flat ring, cut into 
segments, lies upon it and embraces the piston rod, toward 
which it is pressed inward by springs; this ring is inclosed 
by another, divided into segments, and to which it is pressed 
inward by springs. The segments of the inner and outer ring 
must be so placed as to break joint. The rings are covered 
by a third, which is held down by any adequate pressure, as 
in the piston; the whole may be encircled by a box for hold- 
ing oil, etc.’ This covers the principal points of quite a 
number of the well-known packings of the segmental block 
type in use at the present time. 

Also Richard Trevithick’s patent of 1815, No. 3,922, particu- 
larly alluded to a combination of fibrous and metallic pack- 
ings. He also describes a design that is practically the basic 
principle of the present double packings, that is, two stuffing 
boxes with intervening space. At that early date he was im- 
pressed with the friction caused by the fibrous packings, and 
used his double packing with the idea that he could overcome 
some of this friction by allowing steam or water to occupy 
the space between the two packings. 

John Barton’s patent of 1816, No. 4,062, and drawings which 
accompany it, plainly show a very ingenious segmental block 
packing, which would probably be considered a good one even 
at the present day. 

The purposes of a piston-rod or valve-stem packing are to 
prevent leakages of steam both along the rod or stem, and 
also between and around the packing, and to do this with 
minimum, pressure and friction. At the same time the packing 
should not be designed to act as a guide for the rod or stem, 
thus partly usurping the function of the crosshead guide. The 
packing, on the contrary, should be designed so that it will be 
sufficiently flexible to follow slight lateral movement of the 
rod while remaining steam tight. It is to the realization of 
this latter requisite that the more recent designs of metallic 
packings owe their superiority over the old-fashioned fibrous 
or the early designs of metallic packing. 

The character of the rods to be packed must be considered 
in the design of metallic packing. If the moving parts re- 
quire no guiding, as in the ordinary type of steam pumps, the 
problem is a comparatively simple one. If the moving part 
has a slight vibratory as well as a reciprocating motion, then 
the problem becomes quite difficult to solve. The vibratory 
motion, being caused by the slight difference in diameter be- 
tween the piston and cylinder, as well as by the play between 
crosshead and guide, changes at every point of the stroke 
and varies with every position of the connecting rod. Slight 
vibratory motion may also be caused by the roll or pitch of the 
vessel, in the case of marine engines, and while the amount 
of such motion may seem trivial to some, it bears a very im- 
portant relation to the wear of both packings and rods. 

In order properly to classify packings to meet the varying 
conditions to which they are subjected we should divide them 
into two general classes: 

1. Rigid packings of the male and female-ring order. 

2. Flexible packings, which can again be subdivided into two 
types—the segmental or block design and the conical-ring 
form. 

The design of rigid packings is shown in Fig. 1. It pre- 
vents the leakage of steam around the stuffing box, by having 
the outside of the female rings pressed against the stuffing-box 
wall. In order to prevent the leakage of steam along the rod, 
the inside of the male rings is pressed toward the rod. The 
force holding these rings against the various surfaces is ex- 
erted by pressing the gland against the end of the rings. As 
ordinarily designed, the great trouble with such packings is 
to secure a steamtight joint against the wall of the stuffing 


* Abstract of anarticle in the Journal of the American Society of Naval 
Engineers for May, 1903. 
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box, as there is no wear there. This can only be accomplished 
by producing great friction and pressure against the rod, 
and as the packing fills the entire space between the walls of 
the stuffing box and the rod, it does not allow any of the 
vibratory motion previously alluded to, 

Where vibratory motion exists and this class of packing is 
used, the packing is compelled to do a large amount of the 
guiding that should be taken up by the walls of the cylinder 
and the guides. The absurdity of attempting to do this part 
of the work with a surface so small and a material so soft 
as that of the packing will be at once apparent to the engineer. 
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It can readily be seen why piston rods fitted with this type 
of packing require such an excessive amount of lubrication 
to prevent the rods from running hot. Frequently, with pack- 
ings of this type, rods become so hot as to melt the anti- 
friction metal and cause it to run from the stuffing box. This 
packing, therefore, can only be used with success on valve 
stems and rods of auxiliaries, as well as on the appurtenances 
to boilers and engines, and wherever the motion of the rod 
or stem is comparatively small and infrequent. Packings of 
this design are of very early origin, the first of them being 
used about 1843. 

The flexible types of packings, which may be considered 
as designed on engineering principles, differ entirely from the 
foregoing. The new designs do not attempt to fill the entire 
stuffing box, as steam is allowed to enter the stuffing box and 
the packings thus have a chance freely to acquire a vibratory 
motion. The steam leakage around the walls of the stuffing 
box is duly taken care of by metal or other gaskets under 
glands, and by sliding faces ground steamtight. The gland is 
thus pulled up tightly against the intervening joint and the 
cylinder head, and all the adjustment takes place from the 
inside. 

The segmental ring or block form of flexible packing is 
shown in Fig. 2. These packings are usually metallic seg- 
ments, although it is often the case that they are simply 
plocks of metal held fairly close to the rod by some form of 
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Fig. 2. Segmental Ring Packing. 


pressure—that is, either by means of a spring, by the pressure 
exerted by the steam, or by a combination of both these 
forces. 

There are probably more different designs of this class of 
packing than of any other, since such forms may be designed 
by people of comparatively little experience, and give fairly 
good satisfaction where moderate steam pressures are used. 

Those in charge of marine machinery should be impressed 
with the fact that the quality of the steam supplied to the 
engines will have a very important influence upon the life of 
the packing. There is no doubt but that even a slight 
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amount of water in suspension in the steam brings with it 
from the boiler some gritty substance. While this amount 
may be apparently of an inconsiderable nature, it is sufficient 
to greatly increase the wear of metallic packings. The rela- 
tive life of metallic packing when using both‘dry and wet 
steam was evidenced in the case of sister ships belonging to 
the same line, running on the same service and carrying the 
same pressures. On the high-pressure rod of one ship, where 
no care was taken to secure dry steam, the life of the packing 
averaged thirty days’ wear. On the engines of the sister ship, 
where care was taken to secure dry steam, the same packing 
has been in use for several years. 
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Fig. 3. Conical Ring Packing. 


The principal objection to segmental packings is that they 
are expensive to manufacture and necessitate care in main- 
tenance. They are generally of a complicated nature, since 
they comprise a large number of springs, segments and rings 
As the packing is forced to the rod by the steam pressure, the 
friction on the rod or stem increases proportionally with in- 
crease in boiler pressures. In other words, it is almost impos- 
sible to use packings of this character on a triple-expansion 
engine and obtain anywhere near the same length of wear 
from the packings for the three different cylinders; the high 
wearing out most rapidly, the intermediate wearing out next 
rapidly, and the low lasting the longest. 

The last type of packing to be considered is usually known 
as the conical ring, and is shown in Fig. 3. This type of pack- 
ing has given better satisfaction under adverse conditions than 
all others, and is the packing used on 90 per cent of the loco- 
motives running in the United States. This in itself is an 
evidence of its ability to run under adverse conditions with 
little repair. 

The principle of this packing is that conical, soft-metal 
rings are pressed against the rod, and thus packing is accom- 
plished by the rings being forced into a solid cup bored to con- 
form to the outside of the rings. These rings are pressed into 
the cup partly by a spring, but principally by the steam itself. 
If the pressure of steam was constantly on the packing the 
springs would be unnecessary, as they are used merely 
to hold the packing in place while steam is shut off the 
engine. 

In order that this packing shall be satisfactory, the cup 
must not be allowed to touch the wall of the stuffing box at any 
time. The proper design as well as the character of material 
of these packings is therefore the most difficult problem to be 
solved in the packing business, as the mixture of metal in the 
rings, as well as the form of the outside of the rings, must be 
such that the packings will merely prevent the leakage of 
steam and not cause excessive friction. 

Where properly designed, these packings can be made to 
give approximately the same length of wear on all the rods 
of a multipleexpansion engine. However, in practice it has 
been found that this is not entirely desirable, and so, when 
usually designed by first-class manufacturers, the high-pres- 
sure packings wear out a little while before the intermediates 
and low. 

It will often be noticed that the shape of rings in packings 
of this character on the high-pressure rods is slightly differ- 
ent from that on the intermediate and low. In order to per- 
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mit cheap and rapid repairs, it is desirable to have a uniform 
quality of metal used for the rings, while it is also necessary 
to have the form of rings balance differences in pressure. 

With this type of packing there is absolutely nothing that 
comes in contact with the rod except the white-metal rings. 
The glands, neck bushings, cups, followers, etc., are bored 
considerably larger than the diameter of the rod or stem, and 
as the rings are made of soft metal and properly designed, 
they will cause very little friction and wear on rods. 

Many experiments and tests have lately been made with 
packings of this nature, and where proper provisions are made 
to allow the rings and their inclosing cups to move freely with 
the rod, they have been universally satisfactory. In order to 
allow the cup completely to accommodate itself to this condi- 
tion, it igs advisable to provide a ball joint in addition to the 
sliding face previously alluded to. A hot rod from packings 
of this type is practically unknown, and in railway service, 
where at the present time all details of this kind are apt to 
be carelessly handled, that they operate with any degree of 
success at all speaks volumes for their design. In addition 
to the above, the advantages of this type are that wearing 
parts are inexpensive and easy to replace. 

The disadvantage of these packings, if it can be called a Gis- 
advantage, is that they will not work properly on a rod unless 
the rod is cylindrical. When packings are applied, if the rod 
is cylindrical, even though it is grooved, these packings in a 
short time will become steamtight. There are many cases on 
record of extremely long service without renewals of this class 
of packing. Cases are on record of ten years’ run, although 
the average life may be taken as from two to five years, and 
then the packings may be put in as good condition as they 
were when new, by merely supplying a few inexpensive soft- 
metal rings. 

It is remarkable how little attention has been paid to this 
engineering subject and the ignorance of proper principles 
upon the part of engineers. It really requires very little cross- 
section of rings to do this work of packing, provided every- 
thing is properly designed; and the old notion, that the more 
rings and the deeper the stuffing box the better the packing, 
should be discarded as entirely wrong. If the packing manu- 
facturer were consulted at the time engines were designed, 
it would often be possible on the ordinary marine engine to 
lower the cylinders from six to eight inches, and keep the 
other proportions of the engine exactly the same. From this 
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Fig. 4. Double Packing for Marine Work. 


can be readily seen the importance of this subject. Think of 
the weight of metal saved in six inches of housings, piston 
rods, valve stems, etc. 

In practice, for most stationary and marine engine work, 
double packing is used, as shown Fig. 4, that is, practically 
two stuffing boxes, the packing nearest the cylinder doing all, 
or nearly all, of the real work. The lower packing does little 
or no work until the upper packing is worn out or fails or 
leaks, when the lower packing catches this leakage or takes up 
the work in case of failure. 

* * * 

Does steel improve by age, or, in other words, will a bar of 
steel that has stood in the warehouse a long time make a 
better tool than one fresh from the hammers or rolls? Some 
persons think it does improve, and there are those who buy 
their steel ahead of requirements so as to season it as lumber 
is seasoned.—Sparks from the Anvil. 
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THE EVOLUTION OF THE CHANGE GEAR.—3. 


OSCAR E. PERRIGO. 


Again in Patent No. 684,433, also dated October LD LO Ole 
Herman R. Isler tries his hand at the change gear problem, 
this time adapting the plan of a disk of gears. These two 
applications for patents followed each other at intervals of 
about two and a half months. This device is much more 
simple than his former effort and is arranged on the popular 
eccentric plan first shown by Burdick in 1895. The pinions 
of the disk of gears are operated by sliding keys. In the 
drawing Fig. 1 is an end elevation of the device, and Higy Ze 
is a vertical, longitudinal section. Power is transmitted from 
the head spindle by the gears a, b, c, d, and e, the latter four 
being arranged in two pairs, d, and e, being brought into 
action by means of a sliding key, operated by the knob h, 
thus giving the shaft H, two changes of speed, Ofer, ah, Ae! 
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Fig. 2 


Herman R. Isler. No. 684,433, Oct. 15, 1901. 


splined on the shaft H, and engages the internal gear k. 
Formed on the outside of the internal gear k, is the gear 
l, which is adapted to engage a series of gears [sO 7 LelCAL ol 
varying sizes disposed around it as shown in Fig. 1. These 
gears are in pairs, one of which is adapted to engage the 
external gear 7, and the other to engage the idle gear m, to 
which is attached the gear n, engaging the gear o. Upon the 
next stud are the gears p, g, engaging similar gears i, 85 Covel 
the lead screw L, the latter being brought into individual 
action by the sliding key controlled by the knob t. The revolv- 
ing disk G, carrying the series of gears f, g, ete., is held in 
place in any desired position by the spring pin v. 

Once more Herman R. Isler attempts to solve the change 
gear idea, in Patent No. 704,645, dated July 15,°1902. He 
adheres to the “disk of gears” form and improves on his pre- 
vious device, retaining the eccentric method of mounting and 
adding a supplementary arrangement for multiplying the 
speeds obtained by the pinions in the disk. The former are 
still controlled by sliding keys. In the drawing, Fig. 1 is an 
end elevation, and Fig. 2 a front elevation of the device, 
the series of gears of the disks being represented by dotted 
circles, Power is conveyed from the head spindle in the same 
manner as in his last patent, and the gears of the first disk 
A, are arranged in the same manner. But instead of the 
final gear driving direct to the lead screw, it conveys motion 
by means of idle gear, b, to a second disk of sears B, arranged 
substantially in the same manner and designed to still fur- 
ther multiply the possible changes of speed at which the lead 
screw L, may be driven. The knobs, a, ¢, d, e, f, are adopted 
to effect the various changes by throwing into and out of 
engagement a series of clutches connecting the required gears 
and disconnecting those not needed. One disk or case full of 
revolving gears, most of which would probably be ruined by 
the breaking of a single tooth in any one of the numerous 
gears, is bad enough, but when another box of “gear trouble” 
is added it would look like hunting for difficulties that are 
apt to come fast enough at best. 

Richard K. LeBlond, of Cincinnati, Ohio, shows us in his 
Patent No. 706,186, dated August 5, 1902, a practical and very 
mechanical method of obtaining a large variety of feeds 
and threads pitches by the combination of three cones of small 
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gears, and the necessary sliding gears for connecting either 
the lead screw or the feed rod, the whole being operated by 
two handles and a knob. The arrangement of shafts, gears, 
and yokes is very compact and is principally within the lathe 
bed. One peculiarity of this arrangement is that the yokes 
or “travelers” carry not only connecting gears but cones of 
gears. This is also seen in the device of Peter and William 
Shellenback in 1892. In the drawing, Fig. 1 is an end eleva- 
tion of the device, and Fig. 2 is a development, in section, 
of the train of gears from the regular connecting gears from 
the head spindle to the lead screw and feed rod. The path of 
the transmission of power, is from the head spindle gear, 
a, to b, and c, upon the shaft d’, on which slides the traveler 
D, carrying the pinion d, and in whose forked end are jour- 
naled the gears e, f, g, on the shatt g’, adapted to engage as 
desired the gears h, i, k, on the shaft h’. The gear i, en- 
gages the gear I, of the cone of gears l, F, P, F, ete., mounted 
on the shaft x, journaled on the sliding lever M, which also 
carries the connecting pinion m. By proper manipulation of 
the lever M, the gear 1, may be made to engage either of the 
gears h, i, k, and also any gear of the cone of gears UM cape he Wii 
etc., may engage the gear k, thus producing a large number 
of changes. Upon the shaft y, is fixed the gear n, which may 
by means of the knob 2 be brought into engagement with 
the gear p, on the lead screw L, or the gear o, on the feed 
rod R. The levers D, and M, are operated and held in any 
desired position in the usual manner, as shown in Fig. 1. 

It is evident that when William T. S. Johnson, of Cin- 
cinnati, Ohio, set out to devise the arrangement for which 
he obtained Patent No. 706,665, dated August 12, 1902, he 
was determined to produce something that would at least be 
novel, whatever other claim it might have to interest mechan- 
ical men. In this case the oft-recurring cone of gears is 
placed upon a sleeve journaled directly upon the head spindle 
of the lathe in place of the usual head cone for driving the 
lathe, and providing only one large pulley for that purpose. 
The well-known system of a traveling pinion is used on a 
supplementary shaft, upon the end of which are placed two 
gears which, in connection with two others on a stud, form 
the usual combination for multiplying the changes by two. 
In the drawings, Fig. 1 is an end elevation, and Fig. 2 is a 
front elevation and partial vertical section. The usual back 
gears are of modified construction as seen in Fig. 2, the face 
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Herman R., Isler. 
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No. 704,645, July 15, 1902. 


gear b, being fixed to the head spindle and the disk a, used as 
a means of connection between it and the single driving 
pulley c, the connection being by spring pins, as shown. The 
cone of gears, d, ad’, d’, d*, etc., is mounted and fixed upon a 
sleeve e. Sliding upon the supplementary shaft f, is the 
lever g, carrying the connecting pinion h, through which 
power is transmitted to the gears i, k, and thence to similar 
intermeshing gears I, m, to the gear n, on the lead screw 
L. Hither gear i or k may be connected to the shaft f, as de- 
sired, by means of a sliding key operated by the knob D. 
Thus, while the number of speeds of the head spindle is 
very much reduced, (unless some form of variable speed 
countershaft, or an easily controlled electric motor is used), 
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the number of speeds of the lead screw is very easily obtained. 
Yet the sacrifice of the usual five-step driving cone would not 
seem to commend itself to practical mechanics. 

Having now described in detail the various patents up to 
a quite recent date, comparing them with each other, and 
having traced as clearly as may be the evolution of the 
change gear, it seems proper to offer some observations in the 
form of a summary of what has been presented. 

The predominating features of all these various methods 
of producing a variable feed or a number of pitches of thread 
cutting, is the use of the “eone of gears,” or a collection of 
gears arranged on a shaft “in step-like form.” The second 
feature is that of providing, in connection with the cone of 
gears, two or more pairs of gears, which may be termed 
multiplying gears, each two pairs multiplying by two the 
number of changes produced by the cone of gears, or dividing 
in the same ratio the speeds already attained. By multiply- 
ing gears is meant, pairs of small gears, usually a larger and 
a smaller on each of two shafts, say of 24 and 48 teeth, which 
may multiply or divide the speed by two. These may be 
used with gears of equal size, for instance with the above 
numbers of 24 and 48 teeth the equal gears may each haye 36 
teeth. When used in connection with the cone of gears, they 
multiply the changes given thereby, as for instance, if the 
cone is of seven gears, the number of changes is readily 
made fourteen, twenty-one or twenty-eight. 

A radical departure from these methods was made, first by 
Edward Flather, April 2, 1895, and Benj. F. Burdick, April 
93, 1895, and later by Wm. L. Shellenback, December 5, 1899, 
and in another patent, February 5, 1901, and by Herman R. 
Isler, October 15, 1901, and July 15, 1902. This consisted of 
arranging the series of various sized change gears on a cir- 
cular disk, and usually around a central gear from which 
any one of them was operated, or by which the motion was 
communicated to the lead screw. In the later patents they are 
arranged in an eccentric form so that only the pair needed at 
the time will be in action. It is doubtful, however, if either 
of these devices will come into general use, owing to the 
large number of parts, the complication and expense which 
they involve, as well as the difficulty of operating them by the 
average grade of machinists who might be called upon to use 
them, and the danger of breaking the gear teeth. 

The one inventor who departed from all the usual forms on 
which others had seemingly rung all possible changes was 
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Carl J.° Paulson, June 18, 1895, who adopted a series of 
toothed rings, one within the other, which are engaged by 
a swinging pinion when any desired ring is moved out to its 
active position. 

It is a somewhat remarkable fact that with the exception 
of the first claim of Bauwcroft and Sellers, 1854, all the claims 
in the twenty-seven patents herein discussed, are what is 
known as “combination claims,” and that in all the two hun- 
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dred and thirteen claims in this series of patents the devices 
and arrangements are often so near a counterpart of some 
prior patent that the delicate points of decision upon them 
in the Patent Office must have been a hair-splitting process, 
governed more by the exact and carefully worded phraseology 
of the claims than the difference in the ideas of the inventors 
from those of former patents. Bancroft’s claim, referred to 
above, is this: “The method of varying the motions of the 
mandrel (head spindle), and screw shaft, or leader, by means 
of two series of wheels, each series consisting of wheels of 
different diameters, and all the wheels of one series being con- 
nected and turning together, and imparting motion to all the 
wheels of the other series with different degrees of velocity, 
substantially as described.” Inventors have been harping on 
that same string ever since. It may be truly said that Edward 
Bancroft and William Sellers are the originators of the 
method of producing variable feeds for turning or thread 
cutting in a lathe by the use of the “cone of gears.” In these 
articles there have been twenty-seven patents considered, 
comprising all relating to this subject on file in the United 
States Patent Office up to August 12, 1902. The following is 
the entire list. 

Edw. Bancroft-Wm. Sellers... No. 
JOHN ELUM PNVGEY Skee eer steerer No. 
Frederick B. Miles . 111,859, February 14, 1871. 


William Bley . 156,758, November 10, 1874. 
Ghanrlesm Wile Cyseeecte irene No. 233,702, October 26, 1880. 


10,491, February 7, 1854. 
83,774, November 3, 1868. 


INaibxenye IEhWOKS co otooaus gAu0m No. 247,764, October 4, 1881. 
Georzev AG Graven direc rye No. 252,760, January 24, 1882. 
Joseph) Mlathers cyst eieeris ear No. 462,481, November 3, 1891. 


Peter & William Shellenback. No. 468,183, February 2, 1892. 


Wendel P. Norton .......... No. 470,591, March 8, 1892. 
William Shellenback ........ No. 518,164, April 10, 1894. 
iwendel 2. NOrionee nse ee No. 519,924, May 15, 1894. 
Salmon Ww. Rutan) {ese ciae- No. 525,863, September 11, 1894. 
Hoaward ehlatineradisrccvecr-vtonutite No. 536,615, April 2, 1895. 
Benjamin’ Hye Urdi Cheri rssra No. 537,816, April 28, 1895. 

Carl nee eaulsOneee ecu ceencn No. 541,385, June 18, 1895. 
Herbert L, Flather ......... No. 592,966, November 2, 1897. 
Hrnecst J Wlatwher ora eet No. 595,562, December 14, 1897. 
Benjamin A. Wheeler ....... No. 602,924, April 26, 1898. 
William L. Shellenback...... No. 638,359, December 5, 1899. 
William L. Shellenback...... No. 667,406, February 5, 1901. 
Hdwarde As Miullers ae nectecnr No. 679,568, July 30, 1901. 
Herman, Reslislers scans tiene No. 684,432, October 15, 1901. 
Hermanns USlerasrr ater No. 684,433, October 15, 1901 
Herman) Ris tslercaeay perio No. 704,645, July 15, 1902. 
Richard K. LeBlond........ No. 706,186, August 5, 1902. 
William T. S. Johnson...... No. 706,665, August 12, 1902. 


Of the twenty-seven inventions, fifteen, viz.: 
Bancroft and Sellers, Humphreys, Miles, Riley, 
Hyde, J. Flather, P. and W. Shellenback, Nor- 
ton, W. Shellenback, H. L. Flather, E. J. 
Flather, Wheeler, Isler, LeBlond, and Johnson, 
make use of the “cone of gears” in various posi- 
tions and methods of operation. 

Of the fifteen inventors who use the cone of . 
gears there are nine, viz.: Humphreys, Miles, 
Hyde, Norton, H. L. Flather, E. J. Flather, 
Wheeler, LeBlond, and Johnson, who use the 
“traveler” and its connecting pinion to operate 
the intermediate shaft at its variable speeds. | 

As to the location of the cone of gears, Hum- 
phreys and Johnson put it in the head; Ban- 
croft and Sellers, Miles, Riley, and Hyde, place 
it at the end of the head. P. and W. Shellen- 
back, H. L. Flather, H. J. Flather, Isler, and 
LeBlond locate it in the bed; E. J. Flather 
forming a space in the front of the bed for that 
purpose. Norton puts the cone of gears in front 
of the bed, Wheeler puts two cones of gears at 
N the end of the bed and one in the apron. Isler 
puts two cones of gears in the bed and four at 
the back of the bed. 

Of the methods of operating the cones of gears, ten of the 
inventors fix the cone of gears on the shaft. Bancroft and 
Sellers have one cone loose on the shaft and connected by 
a removable pin, while the other cone is fast to the shaft. 
Riley, J. Flather, Wheeler, and Isler, use sliding keys. John- 
son fixes his cones of gears on a sleeve, loose on the head 
spindle, while P. and W. Shellenback have their cone of gears 
slide on the shaft in order to bring the gears successively 
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into engagement with the connecting pinion. Isler uses no 
less than six cones of gears, while Wheeler uses three. 

In the twenty-seven patents there are two hundred and 
thirteen claims, Wheeler leading the number with thirty 
claims. P. and W. Shellenback have twenty-one. W. L. 
Shellenback has seventeen. Putnam and W. L. Shellenback 
(1901) each have fifteen claims. Miles is the most modest 
in his pretensions, making only one claim, while adding quite 
as much to the then “state of the art” as some of his later 
competitors. Wheeler easily “takes the cake” in his specifica: 
tion and claims, its seven printed pages rivalling a Ralph 
Waldo Emerson lecture. 
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THE NEW FOUNDRY OF THE BROWN & 
SHARPE MFG. CO.—2. 


In the general description of the Brown and Sharpe Mfg. 
Co.’s foundry in the last number, brief reference was made 
to the hot-blast heating system installed by the B. F. Sturte- 
vant Company. There are two heating units, one for the 
heavy foundry and one for the light foundry, casting clean- 
ing and storage departments, offices, etc. The apparatus for 
the heavy foundry is in accordance with the most recent ideas 
on the heating of large buildings and is of sufficient interest 
to call for special mention. It used to be considered neces- 
sary in warming large areas to deliver highly heated air 

at many different points in order to bring the 
whole to a uniform temperature. Long sheet- 


at metal distributing pipes suspended near the ceil- 


Leary ing, with openings at frequent intervals, were 

‘ invariably used for this purpose and of course 
are necessary where there are numerous depart- 
ments to be heated or the single room or build- 


ing is of unusual dimensions. If the conditions 


Fig. 1 Fig. 2 


William T. S. Johnson. No. 706,665, Aug. 12, 1902. 


The examination of all the mass of Patents, amounting to 
one hundred and fifty-six, the selection of those particularly 
relating to the change gear devices, and the efforts to reduce 
them to their mechanical requisites have been a long and 
tedious work. That it is not perfect no one knows better than 
the author. That it may be of some assistance to con- 
scientious investigators of the important mechanical devices 
of which it treats is the earnest wish of the writer of these 
articles, 

* * * 

The Pedrick & Ayer Co., who for many years have been 
located in Philadelphia, have now completed new works at 
Plainfield, N. J., to which point the business has been re- 
moved. The plant consists of a main shop 100 by 400 feet, 
boiler house, engine house, blacksmith shop and pattern stor- 
age building. 

The main building contains the offices of the company, 
drafting room, tool room, and storage of principal raw 
materials and finished parts. The principal portion, however, 
is taken up by the machine shop proper, the fitting, assem- 
bling testing and shipping departments. 

The main bay is provided with a 15-ton Shaw electric crane 
and there are numerous hoists and jib cranes actuated by 
compressed air. The machine tools are all driven by electric 
motors, the prevailing plan being to group several machine 
tools on one motor-driven countershaft. In the testing de- 
partment arrangements are made to provide practical work- 
ing conditions for the air compressors, riveters, hoists and 
cranes, which they manufacture. 

The boiler and engine house, with fire wall and metal 
door between, might be considered as one building. The 
engine room contains a belted automatic air compressor of 
the type largely sold by the company and two direct-connected 
dynamo-engine sets for supplying power and light to the en- 
tire works. The sets are 150 kilowatts capacity each, the 
engines furnished by the Ames Iron Works and dynamos and 
Switchboards by the General Electric Company. 


* ke OF 


In a recent consular report the United States commercial 
agent at Eibenstock, Germany, mentions a large electric crane 
that has recently been erected in the harbor of Kiel for load- 
ing and unloading vessels. It is of the weighted cantilever 
type, mounted on a structural steel column which gives head 
room of fully 75 feet under the arm. The capacity is fifty 
tons. 
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are right, however, air can be thoroughly dis- 
tributed without this expedient, and in the case 
of the heavy foundry of this plant, a building 
95 by 160 feet, there are no pipes used. The 
heated air is delivered at a central point on one 
side of the building, through a duct having 
mouthpieces aiming toward different parts of 
the foundry to diffuse the air as much as possi- 
ble, The air is delivered in large volume, mod- 
erately heated, and consequently is not likely to 
produce drafts disagreeable or dangerous to 
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Fig.1. Diagram of Heating Unit for Heavy Foundry. 


the workmen. The heated air comes in contact with the walls 
and roof where it is cooled somewhat, which causes the cur- 
rent to move toward the floor, warming the lower part of the 
space. 

In Fig. 1 is an outline plan and elevation showing the fan 
and duct leading to the foundry. The duct enters at a cen- 
tral point on one side at about 12 feet from the floor and has 
five short discharge pipes pointing in different directions, 
as represented in the plan view in Fig. 1. The fan is located 
in a bricked enclosure with an intermediate floor, on which 
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the radiator coils are placed. Below, on the first floor, is the 
fan with discharge duct underneath which leads to the verti- 
cal pipe and thence to the openings into the foundry. There 
are doors, A and B, in the sides of the enclosure, the two lower 
doors giving access to the fan and the two upper ones. air 
admission to the radiators. One of the upper doors opens to 


the interior of the foundry buildings and the other to a light 


Fig. 2. View in Core Room. 


well. The fan draws its supply of air through the duct C, 
from the compartment containing the radiators. 

The westerly end of what is known as the “cupola building” 
is fitted up as the core room of the foundry and is equipped 
with four core ovens, with ample room for several others, 
foundations for which are already in. The core room ad- 
joins the heavy foundry and when the light foundry has 
been extended further to the west, as will be done later, the 
core room will lie between the heavy and light foundry, just 
as does the cupola room at the 
present time. To facilitate the de- 
livery of cores to the heavy foun- 
dry and at the same time provide 
for a core room entirely apart from 
the foundry proper, the core ovens 
are so situated that they form the 
separating wall between the heavy 
foundry and the core room. The 
ovens for the larger cores are made 
with doors at both ends. This en- 
ables the core-oven cars to be 
wheeled into or out of the ovens 
either from the core room or from 
the foundry, as required, and cores 
may thus be placed on the cars in 
the core room, pushed into the 
oven to bake, and then pulled out 
through the other door into the 
foundry for delivery. 

In the full-page engraving on 
the opposite page are shown de- 
tails of construction of one of the 
two larger ovens. Extending in 
front of all the ovens is a large pit 
about seven feet deep, giving con- 
venient access to the furnaces be- 
low. The pit is covered with an 
iron grating. In the two upper 


August, 1903. 


from the furnace back to another horizontal flue at right 
angles to it, which latter connects with two short uptakes 
that convey the heat and gases to the core oven. The sec- 
tion on HEH, in the lower right-hand corner, shows the two 
uptakes and the flue leading to them. 

To carry the gases away from the ovens there are two 
channels in the floor, one on each side, which connect with a 
channel in the rear leading to the stack. These channels are 
covered by iron plates, and by removing one or more of them 
the size of outlet of the stack is readily controlled. This 
plan of two channels, one on each side of the oven, en- 
sures very even distribution of heat in all parts of the oven 
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Fig. 4. Anti-friction Bearing for Oven Cars. 

and the manner of adjusting the openings to them gives abso- 
lute control over the oven temperature. At the top of the 
ovens are dampers opening directly to the stack. CHS a6) 
These allow the gases to pass off when the oven doors are open 
and also ensure a direct draft when starting up the fires. In 
practice, however, it is found necessary to use the dampers but 
little. 

The cars used in these ovens have the anti-friction “barn- 
door” type of bearings for their wheels, which have already 
been described in a previous number of MACHINERY, and are 
shown in Fig. 4 herewith. The journals on the ends of the 
axles simply roll along the flat under surface of the supporting 
brackets of the car, whenever the latter is moved backward 
or forward, just as in the familiar “frictionless” arrange- 
ment of rolls for sliding doors, which require no oiling. 

The oven shown at the right in Fig. 3 is designed to afford 


views in Fig. 5 this pit is indicated 
and the general arrangement of 
the furnaces is clearly represented. The lower of these two 
views and the group of smaller ones at the bottom of the page 
are sectional views taken along the various lines lettered to 
correspond in the upper view. A study of the different sec- 
tional views will give a clear idea of the details of design 
of these ovens. The section on HH is a longitudinal section 
through the furnace and shows also a horizontal flue leading 


Fig. 3. View of Core Ovens, showing Cars and Racks partially withdrawn. 


ample room for a large number of cores and at the same time 
provide means for withdrawing or renewing a few or as 
many of them as desired, without disturbing the whole oven. 
This oven is modeled after similar ovens used by the Singer 
Sewing Machine Company, Elizabeth, N. J., and the Walker 
& Pratt Company, Boston, Mass., but is of improved design 
and is so novel as to he of general interest. 
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Fig. 6. Showing Damper at top of Oven. Fig. 8. Trolley used for Supporting Core Racks. 


There are eight horizontal movable racks in the ovens, lugs in the front face of the rack. The bearings at the rear 
shown clearly in the longitudinal section in Fig. 7. These of the racks are the same type of anti-friction bearings used 
racks are ranged one above the other, and are supported by’ on the cars in the large ovens, and give excellent satisfaction 
wheels and axles so that each rack is virtually the same as a_ in places where the heat is liable to cause inconvenient ex- 
car running on tracks. At the rear 
of each rack is a pair of wheels run- ls 
ning on tracks within the oven, but 
it would obviously be very incon- 
venient to have these tracks extend 
out beyond the front of the oven for 
the support of wheels on the front 
of the racks when the latter are 
withdrawn from the oven. Tracks 
extended in this way would obvi- 
ously be very much in the way and 
would make the oven very inacces- 
sible. To overcome this difficulty 
and at the same time provide for the 
support of the forward end of the 
racks when they are to be with- 
drawn from the oven, there is an 
overhead trolley running on an over- 
head rail, and having a bar extend- 
ing downward which may be con- 
nected to the forward end of any of 
the racks, enabling it to be rolled 
out or in. In Fig. 7 the racks A, B, Fig. 7. Section of Oven shown at the Right in Fig. 3. 
and D are in place in the oven and 
rack O is withdrawn. The trolley supports the forward end of pansion or to destroy the lubrication necessary on bearings of : 
the rack C, by means of the rod R and a sliding bolt which the ordinary type. 


Trolley 
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passes through a hole in the rod and holes in corresponding In Fig. 8 is a detail sketch of the trolley for supporting the 
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Fig. 9. Charging Car. 
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forward ends of the racks. The trolley has four wheels, 
with journals running in roller bearings. The bar by which 
the racks are suspended is supported by one end of a hori- 
zontal lever and by means of which the bar can be raised 
slightly, through a handle suspended from the long end of 
the lever. In operation the vertical bar is bolted to the 
particular rack it is desired to withdraw, and the handle at- 
tached to the forward end of the horizontal lever is pulled 
down, This raises the forward end of the rack from its seat 
and then by pulling forward on the handle, and on the 
bar, if necessary, the rack is easily drawn out, and by a sim- 
ilar operation can be rolled back into the oven. 

Attention will be called to one other foundry appliance to 
be found here, represented in Fig. 9. This is the charging 
truck for the foundry cupolas and similar trucks are also used 
about the foundry for other purposes. They have frames 
of rolled shapes and wheels with wide flat treads. The jour- 
nals have roller bearings and a load of pig or scrap iron is 
easily pulled into position on the charging floor on one of 
these. The weight of each truck is marked on the truck in 
plain figures, so that by weighing the car and charge together 
and deducting the marked weight of the former, the exact 
weight of the charge may be determined. 

Throughout the foundry dependence is placed on broad iron 
trackways on which cars of this description can run, rather 
than on any form of industrial railway. Cars on this system 
run easily, and can be taken to any part of the works if neces- 
sary for loading or unloading, without regard to whether a 


track runs to that point or not, 
* * * 


A GERMAN WORM MILLING MACHINE. 


ROBERT GRIMSHAW. 

The photograph and drawing shown in Figs. 1 and 2 illus- 
trate a machine of German design that is intended for 
milling simple, double or compound worms and small spiral 
gears, both right and left hand. In order to mill worms 
that are made integral with the shaft the spindle of the 
dividing head is made hollow, allowing the shaft to be passed 
through so as to bring the worm close to the head. The other 
end of the shaft is supported by an auxiliary bearing which 
is also placed close to the worm. On the front of the column 
is a slide which carries the dividing head and the out- 
board bearing for the worm arbor, while at the rear of the 
column on a dovetailed slide is mounted the carriage 
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either by hand or automatically at any point. The dividing 
head is driven from the feed gears by means of a worm 
and set of change gears. These change gears must be so 
proportioned as to give a complete turn to the dividing 
head while the cutter head is traveling the length of the 
lead of the worm being cut. The depth of the cut is 
adjusted by an index plate on the screw which controls 
the cross motion of the dividing head slide, while a stop 
prevents too deep cutting. By means of a templet or gage 


Fig. 1. German Worm Milling Machine. 


that can be attached to the center of the swivel plate the 
cutter can be brought exactly to position. The machine 
has a capacity for cutting worms up to 13.8 inches in diame- 
ter with a threaded length of 17.7 inches. The builder is 
Reinecker, Coblenz, Germany. 

* * * 


The expense of sending out a competent mechanic to set up 
and explain the working of certain classes of machinery, is 
in many cases, a heavy item to the manufacturer who is, of 
course, obliged to count it in the selling price of his product. 
With some kinds of apparatus it is impossible to do other- 
wise than send a man along, but the camera is now being used 


EL 
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Fig. 2. Side and Front Elevation of Milling Machine. 


carrying the cutter. This carriage obtains its motion, when 
the worm is rotated, by a leadscrew and change gears 
from the forward feed gear at a rate corresponding to the 
pitch of the worm. The cutter arbor has its bearing on a 
swiveling head which, by the aid of a crank, can be adjusted to 
the angle suitable to the worm pitch, A fourstep pulley, shown 
at the left hand side, drives a splined shaft extending the 
whole length of the machine. From this, by means of beveled 
gears and a set of spur gears, the general driving motion 
is conveyed to a shaft lying in the axis of the swiveling plate 
and from this shaft are driven two worms which simultan- 
eously drive the worm wheel on the cutter arbor. By this 
arrangement four speeds of the cutter are obtainable, ranging 
from 15 to 40 revolutions per minute. 

The feed is obtained by means of five-step pulleys and a 
double set of change gears so that there are ten feed speeds. 
By means of a clutch the feed motion can be thrown out 


to quite an extent as a setting-up instructor, and there is un- 
doubtedly a much wider field for its use than is now culti- 
vated. An instance of the liberal use of the camera to explain 
the set-up and use of a machine recently came to our notice. 
A certain firm make a machine for bending rails for railway 
frogs and switches. There are a large number of combina- 
tions that can be effected for different classes of work, angles, 
etc., and to explain them so as to render needless the sending 
out of an instructor, a number of views, thirty-seven in all, 
were taken showing each and every operation. MHalf-tone cuts 
made from the photographs were printed in a pamphlet with 
simple instructions for each operation. While the initial cost 
of such a pamphlet is comparatively heavy it requires the 
traveling expenses of but few trips to balance it. Besides, 
there is the great advantage to the purchaser of having plainly 
illustrated instructions always at hand where they can be 
referred to when occasion demands. 
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SAFE CRACKING AS A FINE ART. 

It is a strange but undeniable fact that some of the best 
machinists and toolsmiths have been notorious safe crackers. 
That lawbreakers of this class are wideawake and quick to 
avail themselves of the advantages of new discoveries which 
may be perverted to unlawful ends, is well known. The bat- 
tle between the safe makers and the safe breakers has been 
waged with a persistence almost equal to that between armor 
and ordnance. When the safe maker finally succeeded in mak- 
ing safes of chrome steel plates that could not be drilled, the 
safe breaker simply blew the doors off with nitro-glycerine. 
Then the safe doors were made to fit so tightly that the nitro- 
glycerine could not penetrate into the crack around a door 
under ordinary conditions. But even with the most perfect 
construction a crack exists around every safe door and a 
film of powerful explosive, be it ever so thin, will do the 
business if it can be gotten in place. To overcome the diffi- 
culty the safe breaker simply knocked the handle off the door, 
applied the nozzle of an air-pump to the opening and pumped 
the air from the interior. The atmospheric pressure forces 
the nitroglycerine into the crack—a small quantity, it is true, 
but sufficient for the purpose. 

At last when the safe maker had succeeded in making a 
safe upen which the last described nefarious practice could 
not be practiced, thermit made its advent. The criminal 
class recognized the value of this strange compound long be- 
fore the average honest man even knew of its existence. One 
of the amusing experiences of the American representative of 
this German product, was the receipt of a $1 bill from a 
convict in a State prison, with the request for a sample of 
what he had recognized to be an ideal means for overcoming 
the resistance of hardened steel. Needless to state his money 
was returned and the order unfilled. The safe makers are 
greatly concerned regarding the possibilities of thermit as 
affecting their industry, and not without good reason. The 
article upon thermit which appeared 
months ago attracted widespread attention and brought many 
inquiries to this office, among them being two from prominent 
safe builders who wished to investigate the subject. 

In a lecture on radium and similar substances, selenium, 
ete., delivered by William J. Hammer before the American 
Institute of Electrical Engineers, April 17, he referred to 
thermit and said: “I have seen steel safes in which enormous 
holes had been burned by employing thermit, and it would 
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be possible for a burglar to carry some thermit in his pocket 
and burn a hole in a safe large enough to insert his arm and 
extract the valuables. I saw in Germany last Summer a sub- 
stance called ‘anti-thermit’ which it is intended to place in 
the lining of safes to prevent the reaction taking place, thus 
protecting the safe.” Mr. Hammer then suggested that a 
selenium cell could be used for the purpose of sounding a 
burglar alarm the moment light was admitted to the interior 
of the safe, etc. 


* * %* 


COMBINING PRACTICE WITH EDUCATION. 


Union College, situated at Schenectady, N. Y., in the city 
where the main works of the General Electric Company are 
located, is one of the venerable institutions of learning. It 
not only was one of the first to be founded as a classical col- 
lege, but was one of the first to take up scientific and technical 
education, being superseded in the latter respect only by 
Rensselaer Polytechnic Institute at Troy, N. Y., and possibly 
one or two others. An engineering course was established in 
1848, and in 1895 was added a department of electrical engi- 
neering. 

It is now reported that an arrangement has been made with 
the. General Electric Company whereby a school for engi- 
neering has been organized in connection with the college that 
will be unlike any other that we know of. Mr. Steinmetz, 
the famous mathematician and electrical engineer of the Gen- 
eral Electric Company, will be the director of the school, with 
R. Neil Williams, a young Californian who has just returned 
from a course of scientific work and study abroad, as his 
principal assistant. The first class is now at work and seventy 
applications have already been received for the freshman 
class of next term. Lectures will be given by employees of 
the General Electric Company and the practical application 
of principles will be demonstrated, not only in the class rooms 
but in the General Electric Company’s shops. In the summer 
those of the students who wish to pursue their inquiries 
further will put on overalls and go to work in the shops of 
the company. 

This is the first instance in this country of a technical 
school which gives degrees, becoming associated with a large 
manufacturing establishment, and is undoubtedly a step in 
the right direction. It is substantially the plan advocated by 
Prof. Sweet many years ago in a discussion on technical edu- 
cation and will be of particular interest to members of the 
American Society of Mechanical Engineers who had the pleas- 
ure of visiting Union College and its grounds during the 
recent meeting at Saratoga. 

To the outsider, Union College does not appear to be on the 
top wave of prosperity. Its buildings are mostly very old, 
and as an institution it does not have the up-to-date look of 
many other colleges. But if the plan now projected can be 
carried. out, it will nevertheless have taken a very progres- 
sive step and its course in electrical engineering ought to be- 
come one of the most popular in the country. Students of 
electrical engineering will here have relatively the same ad- 
vantages that will doubtless be enjoyed by students in metal- 
lureical subjects at the great Carnegie Institution to be estab- 
lished at Pittsburg. Why should not the idea be carried still 
further? Why should not students in mining be educated 
under the auspices of one of our great mining companies? 
Hospitals are founded, ostensibly for charitable purposes, but 
frequently with the principal object of affording practical 
training for medical students. Law schools are established 
in cities where court practice can be studied. Boys in agri- 
cultural schools have to farm it. It is also in accord with 
modern ideas that a school of engineering should be intimately 
associated with workshops where students may have free 
access and not only gain practical experience through observa- 
tion, but through practical work as well. Only a manufac- 
turing company of large size could well carry out such a 
scheme and the objection might be raised that they would 
try to use the students in a way to make the most money 
possible from their services. Probably they would do this, 
but the student would be acquiring experience all the time 
and that is the thing most needed by him. 
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NOTES AND COMMENT. 


A striking example of delicacy in weighing has been re- 
ferred to by J. A. Brashear, the widely-known instrument 
maker. At the International Bureau of Standards near Paris 
is a balance mounted in a vacuum in a heavy glass case, and 
provided with mechanism for handling the weights from a 
distance great enough to give security against influence of the 
heat of the body. So perfectly made are instrument and ac- 
cessories that when two kilogramme weights are placed side 
by side on each pan the indicator finally comes to rest at 
zero. But when one of the weights in one pan is placed upon 
the other the indicator shows the opposite pan to be slightly 
the heavier, the almost incredible explanation being that one 
weight is made lighter by its slight increase of distance from 
the earth’s center. This is delicacy indeed—if true. 


In the April, 1901, issue an immense stone turning lathe 
was described which was built in Philadelphia for turning 
and polishing very large granite columns at Vinalhaven, Me. 
As subsequently recorded the attempt to turn and polish these 
columns, which were about 54 feet long and 6 feet diameter, 
terminated in failure, two or three of the columns having 
broken in two during the polishing process. Strange to say 
no attempt seems to have been made to steady-rest the col- 
umns, the immense weight (about 140 tons) having been 
supported entirely from the ends. So the original plan of the 
architect to make the columns monoliths was abandoned, and 
instead they are made in two parts, 36 feet and 18 feet long, 
respectively. Two of the columns, i.e., two 36-foot and two 
18-foot pieces, with their pedestals, have arrived at New York 
and are now in process of transportation to the site of the 
cathedral St. John the Divine on Morningside Heights. The 
larger pieces weigh over 90 tons and the smaller ones about 
40 tons each. The value of each column with its pedestal is 
placed at $25,000. 


HOW IS THIS FOR A HOWL? 


We have just learned a thing that some have often feared 
would come to pass—that the British Isles no longer have 
existence. The news is American in origin, so that there 
can be no doubt as to its truth. Furthermore, the British 
colonies are very much in evidence, but they are bereft of the 
motherland, and are led to seek shelter under the wings of 
the U. S., for all the world like an old clucking hen calling 
another’s chickens together. We do not read this statement 
in so many words, but the Pennsylvania Steel Co. has had the 
audacity to send us a copy of its map of the world with the 
British Isles deleted—lost in the recent rains perhaps? A 
couple of years ago it supplied the Gokteik Viaduct in Manda- 
lay, and lets the world know all about it in an illustrated 
brochure, “From Steelton to Mandalay,” a sort of characteris- 
tically Yankee “‘lick-creation”’ story. The map shows the route 
followed in the conveyance of the construction from Steelton 
Works to its destination, and while it shows such places as 
Iceland, Tasmania, Madagascar, and many even less important 
places, it wipes out these poor little islands as with a sneer 
of contempt. It is the kind of insult that some indiscreet 
U. S. traders are committing every day in their excessive 
pushfulness. We should like to think that the omission was 
only an error, but it is too strange and remarkable for that. 
The incident may afford our manufacturers some little amuse- 
ment, though it is an exceedingly poor joke if such it is in- 
tended to be.—(London) Electrical Review. 


JERUSALEM THE GOLDEN. 

An engineer who has been traveling in the Holy Land con- 
tributes a paper upon his trip to the Engineering Association 
of the South in which he rather shatters the golden features 
that we are accustomed to associate with the city of Jerusalem. 
He says: 


The most remarkable feature of the city, from the engineer’s 
point of view, is the total absence of all the blessings asso- 
ciated with good engineering. Pure, clean water, the one good 
thing above all others to be prayed for in the Orient, is more 
scarce now than in the time of the Jewish kings. Now, as 
then, water is carried in goatskins, on the backs of men, 
women, and donkeys, from Silcam’s pools up a steep, dusty 
road, one-half mile, to the streets of the city, and there re- 
tailed by the gallon; but the aqueducts that, in ancient days, 
carried water from Solomon’s pools and springs, about fifteen 
miles south of the city, are in ruins. The dull, heavy hand of 
the Turk rests, as a curse, over the country. There are no 
sewers, no street lights or fire department, and the refuse 
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from the streets and back yards is, not very efficiently, carried 
off in baskets on the backs on donkeys. The patient, gentle, 
frugal little donkey is in evidence everywhere. Women, chil- 
dren, and big, heavy men straddle his back; he carries up 
steep, rocky hills burdens much heavier and bigger than him- 
self, and you see children pet him and play with him in the 
back yards as our children do with their dogs, and he is in- 
variably treated gently and kindly by his owner. 


HIGH-SPEED PLANER WORK. 

The reference to high-speed planer work done in the 
Juniata Shops of the Pennsylvania R. R. at Altoona, Pa., was 
in error in stating that Bement, Miles & Co. were the builders 
of the frame planer which is being successfully operated at 
a cutting speed of 40 feet per minute. The Pond Machine Tool 
Co. are the makers of this machine. Further particulars re- 
cently received regarding the work done are interesting. A 
pair of locomotive frames for the class of P. R. R. freight 
locomotive known as H6, are planed and finished in 16 hours. 
These frames are of the four-pedestal type, 27 feet long, 30 
inches wide and 4 inches thick. It is thought that this beats 
the record for frame planing in any locomotive building shop. 

A test was recently made to determine the power required 
by a 72-in x 72-inch Pond cylinder planer running at a cutting 
speed of 35 feet per minute and working on four cylinders of 
the E3a type weighing 3,700 pounds each. The machine is 
driven by a 30 H. P. General Electric motor of the CL type. 
Two tools were cutting, one tool taking a chip % inch deep, 
feed 3-16 inch and the other 3-16 inch deep and % inch feed. 
The power required when cutting was 18.3 horse power; to 
reverse the platen at the end of the cut 70.7 horse power; 
to return, 7.3 horse power; and to reverse for the cut, 47.1 
horse power. It is expected that 35 feet cutting speed will 
be adopted in these shops as the standard for planer work. 


* * * 


DEATH OF I. MC KIM CHASE. 


Isaac McKim Chase, M.E., of Washington, D. C., whose 
rame and writings have frequently appeared in this journal, 
died of tuberculosis at Atlantic City, N. J.. on June 7. He 
died as he wished to do, with armor on, still fighting. His 
latest contribution to MAcHINERY appeared in the June issue. 
Mr. Chase was born in Baltimore, Md., May 27, 1837—an 
American of Americans, being a descendant, through his 
father, of William Chase, who came to America with Gov. 
Winthrop in 1630; and, through his mother, of the Silver 
and Crusee families of Revolutionary prestige in New Jersey. 
Mr. Chase’s entire career was consistent in developing his 
natural mathematical and mechanical genius. He received 
a thorough training in drawing and marine engineering, and 
always proved competent to cope with important and diffi- 
cult problems. His chief life work was in the Washington 
Navy Yard as foreman of Pattern Department, to which he 
was first appointed in 1861. His recognized ability caused 
his selection from time to time for work requiring special 
qualifications. He was sent to Europe in 1878—the time of 
the Paris Exposition—with a device for signaling, which has 
since been adopted by the French and Russian governments. 
He gave up his position in the Navy Yard for several years 
to design the Lanston typesetting machine, for which he 
predicted a great future, This work brought him a diploma 
from the Columbian Exposition in 1893. Mr. Chase returned 
to his post in the Pattern Department and remained there 
until his death, developing and enlarging the scope of the 
Washington yard, and making work possible there that had 
previously been of necessity done elsewhere. 

Mr. Chase patented many devices, his latest in 1902 being 
a screw-propeller, from which much is expected. His con- 
tributions to the literature of mechanical engineering and 
pattern-making have been numerous and valuable. His book 
on “Screw Propellers and Marine Propulsion” (published by 
John Wiley & Sons) has had a large circulation, and has 
recently gone into another edition. His latest work, “The 
Art of Patternmaking,’ by the same publisher, is now in 
press, and its publication is anticipated by those interested 
in this subject as almost the final word along this line in 
which his experience was practically unlimited. 
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POWER PLANT WITH NOVEL FEATURES. 


UTILIZING THE WATER OF CONDENSATION AND THE 
CONDENSING WATER. 


GEO. L. FOWLER. 


In the remodeling and enlargement of the repair shops of 
the Chicago, Milwaukee & St. Paul Railway, now in course of 
vxecution, some novel. and interesting features are to be intro- 
duced, based upon the past experience with the power plant 


Fig. 1, Exterior of Model Power House at the Milwaukee Shops of the 
St. Paul Railway. 


heretofore used for driving the car shops. As in all of the 
large railroad shops that have grown from comparatively 
small beginnings, there were necessarily a number of small 
and independent power plants for the service of the several 
departments. Of these that of the car shops was the largest, 
then came the machine shop, followed by smaller installations 
in the foundry, small planing mill, roundhouse and the like. 
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Ordinarily this water of condensation is turned into the sewer 
as soon as it has done its work with the engine. Here, how- 
ever, it is saved and stored in a large cistern located next the 
machine shop and from it is drawn the supply of water used 
for washing out the boilers in the roundhouse. 

The water itself is not altogether suitable for boiler pur- 
poses, but answers admirably for the work done with it. In 
this way the economical advantages of working the large 
engine with a condenser are obtained, coupled with that of the 
use of hot water, which it has cost nothing to heat, for wash- 
ing out the locomotive boilers in the roundhouse. 

The water used at West Milwaukee for filling the locomo- 
tive tanks is from Lake Michigan, and is obtained from the 
city on meter measurements, about 600,000 gallons being used 
every twenty-four hours. In designing the new plant advant- 
age was taken of the fact that this large quantity of water 
would be required for the locomotives, and arrangements have 
been made for first utilizing it as a condensing water for the 
engines in the new plant. Accordingly a large standpipe capa- 
ble of holding about 300,000 gallons is located near the power 
house. It can be seen projecting above the roof of the same 
in the half-tone reproduction of the photograph. The water 
is taken from the city mains, used for condensing purposes 
and then pumped into the water tower, whence it is drawn off 
to fill the tanks of the engines. 

The temperature of the lake water runs from 50 to 60 
degrees and with it a vacuum of from 27 to 28 inches can be 
maintained at the engine. If at any time it should be found 
that the condensing water reaches the tank of the locomo- 
tive at so high a temperature that the injectors will not work, 
the vacuum will be lowered and water of a lower tempera- 
ture be sent to the locomotives. Here, too, there is a two- 
fold saving, in the possibility of working the engines con- 
densing and the use of hot water on the locomotives. 

Turning now to the details of the power house, it is of the 
yellow Milwaukee brick and of a pleasing architectural de 
sign, as indicated by the photograph. In plan it is nearly 
square, measuring 97 feet by 100 feet, with a clear height of 
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Fig. 2. Cross-section of Power House showing Roof Construction. 


With the new power house all of these separated plants, with 
the exception of that of the car shops, which will be retained, 
will be concentrated in one, and in this a valuable principle of 
operation will be borrowed from the older one. 

The car shop engine is a cross-compound Corliss engine of 
about 275 horse power that is ordinarily worked condensing. 
The water of condensation is obtained from an artesian well, 
which is forced to give a sufficient flow for the purpose by 
means of an air jet carried down to the bottom of the pipe. 


27 feet above the floor of the engine room to the bottom of 
the roof girders. It is divided into two nearly equal parts by 
a brick wall which thus separates the engine from the boiler 
room, 

At one end of the engine room there is an extension of 16 
feet in which are located the pump and condenser rooms. 

The boiler equipment, as at present laid out, consists of two 
batteries of Babcock & Wilcox water-tube boilers, with a total 
rated capacity of 1,200 horse power. Space is also provided 
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for the installation of a third battery, so that the ultimate 
capacity will be 1,800. 

In the engine room there are two Nordberg cross-compound 
engines with 15-inch and 26-inch cylinders and a piston stroke 
of 36 inches. Here, too, space is left for a third engine of the 
same size. Each of these engines drives a 200 kilowatt gen- 
erator built by the Milwaukee Electric Co. In addition to the 
two large ones there is a 160 horse power Westinghouse engine 
driving a 100 kilowatt generator. 

As in all modern railroad shops compressed air is ex- 
tensively used for a great variety of purposes about the 
premises, a compound Allis compressor with air cylinders 13 
inches and 22 inches in diameter, and steam cylinders of 14 
inches and 26 inches, with a common piston stroke of 36 
inches has been installed. 

In the pump room there is a wash-out pump with a capacity 
of 600 gallons, and a fire pump of 4,000 gallons per minute. 
The condenser room contains a Cochrane feed-water heater, 
a Wheeler surface condenser and the boiler feed pump. 

The stack stands clear of the building and is 9 feet inside 
diameter, 

The illustrations that are given of the building show its 
appearance and the arrangement of the machinery very 
clearly, the characteristic feature of which has already been 
elaborated. In regard to the distribution of the power in the 
shops, that will be taken up in a future article. 


* * * 


FRICTION TEST OF OILS. 


ARTHUR W. COLE. 


In the operation of shafting and machinery, there is always 
a great loss of power on account of the unavoidable friction in 
the numerous bearings. The manufacturer is therefore con- 
stantly striving to lessen this loss by reducing to a minimum 
the friction between all the moving surfaces. The most com- 
mon means of doing this is to introduce oil or grease into the 
bearings in order that the rubbing surfaces may not come 
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Fig. 1. Section through Oil Testing Machine. 


together, but will be separated by a very thin film of the 
lubricant. At the present time the use of oil is being replaced, 
in a measure, by boxes lined with graphite and also roller 
bearings. The use of oil, however, will never be wholly super- 
seded by these more modern methods. The great difficulty in 
using oil is to determine exactly the proper one to be used in 
the bearing in question. Until within a very short time, there 
has been no means of accurately determining the value of an 
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oil for reducing friction. The only methods of determining 
this property have been the comparatively crude ones of the 
viscosity pipette which is used by the Pennsylvania Railroad, 
also by the feeling of an oil when rubbed between the fingers 
and by actual test in the bearing of which it is to be used. 
Without doubt the long-felt want of a better and more ac- 
curate method of the determination of the value of an oil will 
soon be filled by the very simple but ingenious machine which 
has recently been completed by one of the Professors of Me- 
chanics in an eastern Institute of Technology, by the aid of 
which the writer obtained the results contained in this 
article. In this machine an ordinary 14-inch sensitive drill is 
used for the frame and driving part. The test journal within 
the cup shown at A, Fig. 1, has its axis vertical, and is sus- 
pended from the drill spindle by means of a Hooks universal 
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Fig. 2. Brasses used in Oil Testing Machine. 


coupling, and runs between two opposing bearings in the 
cylindrical cup, which may be filled with the oil to be tested. 
The load is placed upon the bearing by means of a helical 
spring, contained in the sleeve ©. This spring has a capacity 
of about 900 pounds. The tension may be adjusted by means 
of a screw and is also provided with a device for quickly ap- 
plying or removing the load without changing the adjustment. 
The cup A has a cover in which is a hole for inserting a ther- 
mometer. 

The cup and the parts attached to it are carried on a spindle 
D, which is 136 inch in diameter and turns freely in the 
sleeve supported by the arm #, which is attached to the drill 
frame. The spindle # extends nearly two feet below the 
sleeve, and is suspended from a fixed bracket G by a tempered 
steel wire H, passing through the spindle and fastened to its 
lower end. When the machine is in operation the suspended 
parts swing freely to such a position that the torsion of the 
suspension wire balances the friction at the test journal, and 
the angle of torsion may be read from a graduated disk at I 
by means of a pointer. The suspended parts are counterbal- 
anced by weights, so that there is no pressure of the revolving 
spindle against the sleeve when the oil in the bearing becomes 
evenly distributed. The advantage of suspending the appar- 
atus on this steel wire is that, in this way, large indications 
are obtained for a very small amount of friction at the sur- 
face of the journal. In cases where great friction is encoun- 
tered, a helical spring is placed on the spindle #. The cup and 
the test journal are arranged so that they may be readily 
heated by a Bunsen burner. 

The test journal which is contained in the cup A is 1% 
inch in diameter, of tool steel hardened, ground and polished, 
The brasses which form the bearing are sectors cut from a 
brass ring which has been carefully finished, and each has an 
are of about 120 degrees, and are about two inches long. The 
brasses are fitted with great care so that they will cling to the 
journal when perfectly clean, after the manner of surface 
plates. Fig. 3, on the next page, is a detail of one of the 
brasses of the bearing. 

It is well to calibrate the machine each time before running 
a series of tests. By this it is meant that it is necessary to 
test the torsion of the wire to find its constant or the moment 
in inch pounds required to twist the pointer through one 
degree as indicated on the graduated table. The moment is 
then reduced to pounds acting tangentially to the surface of 
the journal. This is accomplished by winding cords about the 
drum, and carrying them over pulleys and placing known 
weights upon the scale pan attached to the cord. If the dia- 
meter of the drum is then measured to the middle of the 
cord, that is the actual diameter of the drum plus the dia- 
meter of the cord, and the diameter of the journal, the length 
(L) and width (B) of the brass bearings are also measured; 
the intensity of the pressure is then equal to the total load 
divided by the projected area, the projected area being equal 
to BL for each brass. The friction per square inch may then 
be stated as the total friction divided by the total surface, 
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the surface being equal to S, the length of the are times L, 
the length of the bearing for each brass. 

Before starting the test, the oil cup, the journal and the 
brasses must be thoroughly cleaned. The most effective 
method of doing this is to wash the parts carefully with 
kerosene and wipe with a piece of clean waste. The bearing 
surfaces should be cleaned with special care and should not 
be touched thereafter with the fingers. Great care should 
also be used not to scratch or bruise any of the parts. The 
load should not be applied to the journal until after the ma- 
chine is started and should be removed before stopping, 
otherwise the brasses will seize the journal so that it will be 
very difficult to release them. 

When all is in readiness the test machine is started, the oil 
poured in, and cover containing the thermometer fastened in 
place. The load is then applied by means of the spring. The 
revolutions of the journal are noted at the beginning and the 
end of each run. A small Bunsen flame is then placed under 
the oil cup so that the cup and its contents may be slowly 
heated. The reading of the friction is taken by means of the 
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Fig. 3. Relation between Temperature and Coefficient of Friction. 


pointer every five degrees I’. or two degrees C. rise in temper- 
ature of the oil. This process may be carried on until the oil 
reaches a temperature from 150 to 300 degrees F. according 
to the kind of oil tested. If the revolutions per minute and 
also the total load on the journal are known, which may 
be read in pounds from the pointer on the spring after the 
manner of an ordinary spring balance, also the temperature 
of the oil, and the number of degrees twist in the wire, we 
may readily determine the coefficient of friction of the oil. 

It is first necessary to calibrate the wire, and this is done by 
placing one-pound weights in a scale pan attached to a string 
wound around the drum as previously explained. 


From measurements taken we have: 


DIAMeterrorvanr mim eee cis eee ere . 4.188 inches 
Diam. of string wrapped around drum,,  .0245 si 
Effective diameter of drum............ 4.163 hee 
Diameter of. JOUI al ata ee re erenrae 1.3745 < 


To calculate the equivalent force, which, when applied 
tangentially at the surface of the journal, will turn the 
pointer the same distance that it was moved by the 
weight in the scale pan, we have the proportion: Force 
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at surface of journal is to the weight in the pan as the 
diameter of the drum is to the diameter of the journal, or, 


xX 4.163 
= where X is the desired force at the surface of the 
2 1.3745 


journal. From this we find that X or the desired force tangen- 

tial to the journal’s surface is equal to 6.07 pounds, the wire 

being twisted 155 degrees as indicated by the pointer on the 

graduated table; therefore the force required to twist the wire 
1155 


one degree is equal to or .0391 pounds. 


6.07 

In Test 1, which was run on engine oil, the speed was 104 
revolutions or 37.43 feet per minute; total load was 1,600 
pounds or 688 pounds per square inch. At 75 degrees nate 
spring was twisted through 81 degrees. From calibrating the 
wire it was found that one degree equaled .0391 pounds, there- 
fore the total friction at the surface of the journal is .0391 
times 81 or 3.1671 pounds. From measurements of the jour- 
nal bearing we find that there are 5.771 square inches of bear- 
ing surface, therefore the friction per square inch of bearing 
surface is equal to 3.1671 divided by 5.771, which equals .548 
pound per square inch. The coefficient of friction of the oil is 
then found by dividing the total friction by the total load on 
the journal, or 3.1671 pounds divided by 1,600 which is equal 
to .00198. 
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Fig. 4. Relation between Temperature and Friction per square inch. 


By a series of such calculations the curves in Figs. 3 and 
4 were drawn showing the relation between the temperature 
and coefficient of friction, and temperature and friction per 
square inch. From these curves we note that the pressure per 
square inch and the coefficient of friction vary in a similar 
manner as thé temperature rises. We also notice that the 
friction steadily decreases for a time as the temperature 
rises until at last a point is reached where the coefficient of 
friction increases as the temperature is still further raised. 
This shows that there is a certain temperature for every oil, 
which temperature will vary according to the load appliea, 
at which the oil becomes so thin that it can no longer support 
the load and breaks down, causing the friction to increase rap- 
idly. It is also evident that the nearer the oil can be worked 
to the temperature at which the breaking-down occurs, the 
better results will be obtained, in so far as a low coefficient of 
friction is concerned. 

* * * 

A French inventor has a method for typesetting by tele- 
graph, thus doing away with the transcription of press dis 
patches. 
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PISTONS AND PACKING RINGS.—7. 


J. H. DUNBAR. 


In response to a request to engine builders for blue-prints, 
etc., of their pistons and packing, I am able to show a num- 
ber of pistons as they are made to-day. They are given in the 
order in which they were received. 

Fig. 1 shows the Buckeye Engine Company’s (Salem, 0.) 
piston for their 18x30-inch Tangye engines. The spider is 
evidently cast iron, with flange and follower turned an inch 
smaller in diameter than the cylinder. The piston is packed 
with two eccentric rings slightly L-shaped in cross-section, so 
as to make them flush with the ends of the piston. The rings 
are comparatively heavy, and not liable to break except in a 
general smash-up. I don’t know what excuse lighter rings 
have for breaking, but they do break just the same. I sup- 
pose the packing rings are turned to the diameter of the 
cylinder, and then set out as occasion requires, with the six 
%-inech setscrews, five with flat springs on their outer ends, 
and the bottom one resting in a counterbore in a plate fitting 
the inside of the rings. This plate not only makes an ex- 
cellent joint-cover, but also, by being bolted to a ring at each 
end, leaving one end of each ring free, makes a good dowel- 
ing arrangement. Right here it will be seen that if the rings 
are put in the cylinder as shown in the blue print, there is 
nothing to stop a leak at the joint. This is no doubt an error 
in the print, for the Buckeye people believe.in keeping all 
the live steam in one end of the cylinder. In their circular 
they speak of this as a balanced piston, which I take it means 
that no steam pressure gets inside of the rings, or if it does 
it cannot force the rings out, owing to their being clamped in 
their groove. If the latter, it is practically an adjustable 
solid head, so to speak. The reader will note that the rings 
have six inches face, and with this breadth they may be per- 
fectly free in the cylinder, and still not leak appreciably. They 
will never leak at the bottom, as the weight of the piston will 
hold them to the cylinder, but I am of the opinion that steam 
will. get between the cylinder and rings part way across their 
face at the top, and give them a steam load to carry on the bot- 
tom. As a whole, the design is a fine one, and will compare 
favorably with any piston that we shall find. There is nothing 
to wear out about this piston but the rings, and they are made 
with a generous amount of stock for that purpose. 

The Fishkill Landing Machine Co., Fishkill-on-the-Hudson, 
N. Y., make their pistons as shown in Fig. 2, having one 
eccentric snap ring with joint cover riveted to one end of the 
ting. The ring is not shown to be doweled. The company 
says of this piston: “The piston is made very strong, and 
securely fastened to end of steel piston rod. The weight of 
the piston is carried on a center or junk ring, adjusted by 
screws in the spider so that it will sustain all the wear; while 
the spider, follower and packing ring are kept central in the 
bore of the cylinder. The packing ring is elastic and self- 
adjusting, forming an effective steam joint with a very small 
amount of friction, and consequently the wear on it is trifling.” 
Probably a very slight improvement would be made in this 
piston if the edges of the ring were undercut to give con- 
centric groove wear. This seems to be all that can be said 
of this piston, except that which applies to it as a type, which 
will be noted later. 

Fig. 3 shows an 18-inch piston for a Williams vertical 
engine, made by the Quincy Engine Works, Quincy, Ill. This 
sketch shows their piston to have several features not usually 
seen—for example, there is no bottoming clearance between 
the packing ring and the piston body, according to the dimen- 
sions given. In my opinion there should be some clearance 
to compensate for unequal temperatures of packing ring, bull 
ring and cylinder, which may be considerable, at times, de- 
pending upon the carelessness of the engineer. Then, too, 
with the packing rings solid against the body of the piston 
they have to guide the piston in the cylinder, while properly 
the bull ring should do that. A material list furnished with 
the blue print shows that nine springs are required for each 
engine. Now it is somewhat difficult to divide nine springs 
into two equal lots, one lot for each packing ring, and have 
nothing but whole springs. It takes a resourceful fellow and 
a blacksmith shop in his vicinity, to make luck out of odd 
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numbers, in cases of this kind. It seems plain that nine springs 
are needed to each packing ring. These springs which are 
slightly elliptical, tend to force the rings out to the cylinder, 
but gibs hooking over lugs on the inside of the rings at 
their joints, prevent the springs from doing so, very much in 
the same manner as Prof. Sweet holds his packing rings, 
which was shown in the sixth installment of this series. 

It seems to me that if the radial-acting packing ring springs 
in Fig. 3 were left out, and a tangent-acting spring put in at 
the joint, to spread the ends apart, leaving the ring free to 
vibrate slightly crosswise of the cylinder in its groove, to 
compensate for any imperfection of alignment due to cross- 
head or guide wear, the piston would be an excellent one. 
It is not the intention to imply that the Williams piston is not 
a very perfect one. The writer has been guided only by a 
study of the blueprint, in what he has said. 

The Fitchburg Steam Engine Co., Fitchburg, Mass., make 
pistons for cylinders 44 inches in diameter, with bull ring 
and two snap packing rings, the latter being only %4 inch 
wide. While it is unusual to make packing rings of that. 
diameter so narrow, there does not seem to be any good rea- 
son for making them wider unless ‘because the other fellows 
do” is considered to be sufficient grounds for making the 
change. Another feature of this design is its simplicity. There 
is not a piece that can be dispensed with, unless it is a pack- 
ing ring. The two-ring piston is largely in the majority at 
present, especially for smaller cylinders, say 20 inches and 
under, but the single-ring piston is undoubtedly growing in 
popularity. The Fitchburg piston, shown in Fig. 4, has the 
lower half of the bull ring babbitted to insure the least wear 
possible on the bottom of the cylinder. Its large wearing sur- 
face will also be noted. 

The William A. Harris Steam Engine Co., Providence, R. I., 
use the Corliss piston, and, I believe, are the originators of the 
type. They say of their piston: “The packing ring is first 
made in one piece, and is turned to the exact diameter of the 
cylinder; it is then divided into sections, and the joints made 
tight by inserting bronze plates. The ring is pressed outward 
with German silver spiral springs, one spring being placed 
under each plate. The groove in the junk ring is turned just 
deep enough to permit the packing ring to go below the sur- 
face. Whenever it is necessary to remove the junk ring the 
packing ring is held in place with wire pins, pressed through 
holes for that purpose. The piston head is provided with 
bronze adjusting bolts, so that the piston rod can be set and 
kept in the center of the cylinder.” The blueprint, Fig. 5, 
shows their 24-inch piston so clearly and completely, that there 
need be no further description. We may note, however, that 
the bottom clearance under the packing ring is only 1-32 
inch, an ample amount, ‘showing that details of the least sig- 
nificance are made with reference to requirement rather than 
precedent. 

There are two very distinct types of bull ring pistons. One 
is the Corliss, where it forms the entire outer part, or shell 
of the piston, and has grooves for the packing rings, all as 
shown in Fig. 5. The other is the original Dunbar, invented 
by Mr. Henry D. Dunbar in 1861, in which the bull ring forms 
that part of the piston between the packing rings and bottom 
for grooves. The Dunbar is strictly a two-ring piston, but 1 
have been very successful in making them last twice as long 
by using one at a time, on the principle that if one ring lasts 
one year two rings will last two years. The only difference 
that I can see in the operation, with one ring removed, is that 
the cylinder clearance becomes very slightly greater at one end 
than at the other, and a shoulder is worn in the cylinder, 
marking the end of the ring’s travel. The Corliss piston is 
admirably adapted to a single packing ring, or a “lot of ’em.” 
With a three-ring piston it is dangerous to try to get the 
middle packing ring to run over the counterbore, even at one 
end of the cylinder. 

It seems to me that a Single-ring piston for horizontal 
engines of the Corliss type, has in addition to its weight, a 
very considerable steam load to carry. It is expected that the 
bottom of the bull ring will make a steam-tight joint with the 
bottom of the cylinder, and that the steam will hold it down 
as an unbalanced slide valve is held to its seat. With a view 
to relieve the piston of this steam load, I suggest that the 


August, 1903. 


MACHINERY. 


634 


‘syioM eulsUg UIBeIg Zindysitg eu Jo woIsIg “F Shit ‘swIOM Sulsug AoUINe oy} Jo udsIg ‘Ss Sh 


"WOLLOS NO *“XQO0S NOLSId *3LV1d Y3MO01104 
asaliggva ONig 11nd SAA SPO er DESPA 
De WLLLLLL 


‘AN SSorg pnagsengrit 


“VLG 8E 


‘eulsugq ofoyong ey} JO UOYSTQ “I “Sha 


“TNSS8ALq [PLLgsnpuy fe eS 
) I 
} a 


yy Nyy 
L Wd ~~ 
| I 


W YU YY) 4 
oa 


August, 1903. 


bull ring be made with a cavity in the bottom of it, on each 
side of the packing-ring groove, each cavity equal in area 
to one-fourth of the entire area of the cylinder in contact 
with the bull ring. Into both of the cavities in the bull ring 
live steam is admitted through holes, as shown in: Fig. 6. 
Referring to this figure it will be seen that there is a cylin- 
drical chamber in the bull ring, placed near the bottom of the 
cylinder, with a valve in it, slightly shorter than the distance 
between the flanges of the piston. Steam enters the chamber 
as shown by the curved arrow and passes into both cavities, C, 
as indicated by the vertical arrows. Now assuming that there 
is the same pressure in the cavities as there is on the piston 
(and there is no reason why this should not be very nearly 
the equal) and remembering that 
the unbalanced area of the bull ring 
is equal to that of the cavities, it is 
easy to see that only the inherent 
weight of the piston can rest on the 
eylinder. The cylinder may be re- 
lieved of a considerable portion of 
that, by increasing the aren of the 
cavities. 

It will be noted that two counter- 
bores are shown at the end of the 
cylinder in Fig. 6, one for the pis- 
ton and one for the packing ring. 
It is quite possible that if Prof. 
Sweet’s limited expansion packing 
ring is used, no counterbore will be 
needed for it, there being practi- 
cally no ring wear on the cylinder. 
Then, too, without a counterbore te 
drop into, Corliss or snap rings may 
be made as narrow as it is practical 
to make them, for all diameters of 
cylinders, when the cylinder wear 
due to the ring will be so small that 
it may be neglected in properly 
cared for stationary engines. To 
illustrate this point take a 24 x 48- 
inch cylinder, with one packing 
ring in the piston %4 inch wide, 
the iron in ring and cylinder to be 
as nearly alike as possible, then we may expect the cylinder 
wear to be practically one per cent. of that of the ring. The 
ring in wearing away 2-10 of an inch in diameter, would 
raise a shoulder in the cylinder 1-1,000 inch nigh. It is a 
question, no doubt, among builders of horizontal engines, in 
regard to the advisability of supporting their pistons on a 
tail rod. Higher speeds and steam pressure add to the actual 
weight of the piston, to increase its strength, and also a 
greater steam load to carry; and yet it ought not to require 
an expensive and cumbersome excrescence like a tail rod, to 
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Fig. 6. Special Type of Piston. 


solve the problem with equal satisfaction. I am well aware 
that “traps” in a piston or anywhere, except to play with, 
are very objectionable, but I do not believe that one moving 
piece, and a few extra holes, can possibly be a detriment to a 
piston, while its cost, convenience, appearance and main- 
tenance are not to be compared to a tail rod. In regard to 
efficiency, I can only say that I have not had a piston like 
that in Fig. 6 in use long enough to determine that point. 
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A. L, Ide & Sons, Springfield, Ill., build two horizontal 
engines from 5 to 24 inches in diameter, and use a single 
piece piston and snap rings. I quote from their catalogue, 
page 59: 

“The piston is a single hollow casting, very light, and so 
braced as to have ample strength. The packing rings are 
two in number, of cast iron, turned larger than the cylinder 
and sprung into place in the manner of a snap ring. The 
ends of the rings have lap joints which remain steam-tight, 
however much the rings may spring out from wear. The sim- 
plicity and reliability of this type of piston and packing are 
such that its adoption by engine builders has been universal.” 
This last remark will cause the builders of Corliss, or the 


WIRE TO BE REMOVED AFTER PISTON / : 
| We IS PLACED IN CYLINDER. { 


Fig. 5. Piston of the Wm. A. Harris Steam Engine Co. 


original Dunbar pistons, to wonder ‘where they are at,’ and 
those fellows who have had large experience in using packing 
rings will smile audibly when they read that a snap ring 
won’t leak when it is worn out. 

The Reeves Engine Co., of Trenton, N. J., build horizontal 
and vertical engines, simple and compound, from 2% to 32 
inches in diameter, and say of their pistons at page 22 of their 
catalogue: “The pistons are of cast iron, thoroughly ribbed 
and braced, thus getting rigidity with a minimum of weight. 
They carry self-adjusting packing rings, and will run a long 
while without special attention.” That statement seems to be 
“above suspicion.” 

* * * 

Where high speed lathe tools show signs of brittleness, try 
reheating at the same heat as before, but instead of cooling in 
the air or in an air blast, bury the nose of the tool in ashes 
on the forge for a minute or so and then cool in the air.— 


Sparks from the Anvil. 
* * * 


To file a circumferential groove in a round bar so that itt 
will be a fair approximation to one turned in the lathe, is 
not an easy matter for the skilled vise hand. A corres- 
pondent to the Mechanical World shows a little kink for 
doing such a job that should be useful to know. He secured 
a block of wood in the vise, which has a V-groove cut length- 
wise in the top. The groove is cut in the wood to such a 
depth that the bar lies well below the surface of the wooden 
block. Another groove is cut across the block at right angles 
to the first. This is to guide the file. The iron bar having 
been laid in the first groove, the file is passed across it using 
the second groove as a guide. The bar is supposed to turn, 
but slower than the velocity of the file so that the latter cuts 
a groove of even depth all around and at all points in the 
same plane. 
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ENGINEERING REVIEW. 


CURRENT EVENTS, TECHNICAL AND MECHANICAL—LEADING ARTICLES OF THE MONTH. 


Well preserved iron girders and beams are exhibited by the 
floor framing of a building, now being demolished, at the 
corner of William street and Exchange place, New York city. 
This building dates back of the Civil War. It has brick walls 
faced with marble, and floors of earth filling on an all-iron 
framing. It is noteworthy that the beams and girders show 
only spots of rust, the general surfaces showing either the 
original paint or, where the paint has scaled off, the oxide 
scale of the rolling mill. What say the corrosion howlers to 
this?—they who predict rapid deterioration of our steel struc- 
tures, through rusting away. 


Joseph L. Ferrell, of Philadelphia, has been awarded the 
Elliot Cresson gold medal by the Franklin Institute for his 
wood fire-proofing processes. These refer to means for im- 
pregnating raw lumber, the treatment of wood structures 
superficially and the fluid used for saturating, the base of 
which is sulphate of aluminum. By the ordinary impregnat- 
ing process from 24 to 36 hours are required to saturate white 
pine boards; by the Ferrell process 15 minutes is said to be 
sufficient. When applied to the interior of finished buildings 
it does not interfere in any way with the use of varnish, etc., 
but has the remarkable effect of preventing “varnish flash” 
and making the surfaces fireproof. 


It is reported that when water was turned into the great 
Sault Ste. Marie power canal, which has cost several millions 
of dollars, it was discovered that the piles supporting the 
large power house are underlaid with quicksand. In order 
to save the structure from undermining it was necessary to 
shut the water off and discontinue the informal test that was 
about to be made. The indications are that very extensive 
work will have to be done in strengthening the foundations, 
and it may be that the power house will have to be rebuilt. 
If true, some one has blundered seriously, as borings should 
have been made to considerable depths to ascertain the nature 
of the sub-strata before erecting thereon an expensive and im- 
portant hydraulic power house like the one in question. 


At the close of the annual commencement lecture at the 
Worcester Polytechnic Institute, there was an interesting ex- 
periment illustrating the trend of electrical engineering. The 
500,000-volt transformer of the school, located in the high- 
potential laboratory, about 1,000 feet distant from the lecture 
room, was supplied with current taken through instruments 
on the lecture-room switchboard. This transformer was ad- 
justed by the lecturer so as to deliver a potential of 120,000 
volts, at a frequency of 60 cycles per second to a line of iron 
wire leading to the lecture room, where, on wires which were 
so small as to be invisible to most of the audience except when 
the room was darkened, the current was conveyed to another 
transformer of the electrical-engineering department, which 
stood beside the lecturer. This second transformer served 
to reduce the pressure to a value which could be applied to 
the primary of a rotary converter of about 10-horse power 
capacity located on the lecture table. This rotary converter 
was synchronized and operated from the line and ran with 
a load of incandescent lamps on the direct-current secondary. 
The experiment was especially interesting, as it was probably 
the first time that power has actually been transmitted at 
so high a pressure as 120,000 volts.—Western Electrician. 


Machinery has been built by the Bethlehem Steel Co. for the 
manufacture of the Schoen solid forged and rolled steel car- 
wheel, which is of a very massive and interesting nature. 
In making carwheels by this process a circular steel ingot 
about 24 inches diameter is cast for each wheel, which is of a 
quality that has proven, in steel. tires, to be the best for the 
peculiar service to which a carwheel is put. The ingot is 
forged under a hydraulic press of special design which forms 
the hub, reduces the thickness of the web and increases the 


diameter to about 28 inches. The hot blank then goes to a 
special rolling mill where it is embraced by six rolls, two on 
the tread and four under the rim and against the web. Here 
the blank is rolled to the standard diameter of 33 inches. 
From the rolling mill the wheel goes to double-acting hydrau- 
lic press where it is coned and dished so as to bring the edge 
of the rim in proper alignment with the hub. This press is 
capable of exerting a pressure of 5,000 tons. The rolling mill 
occupies a floor space 22 feet wide by 40 feet long and requires 
a 1,000 horse power reversible engine to drive the rolls. Three 
electric motors are provided to drive the feed of the rolls. 
These may be worked independently or simultaneously by 
the operator. When the proper thickness of the wheel is 
reached the feed automatically throws out. 


One of the interesting phases of the use of the steam tur- 
bine is utilizing the exhaust of reciprocating steam engines 
at about atmospheric pressure and in turn exhausting into a 
vacuum. There are many classes of work in which the steam 
turbine can never be expected to successfully displace the 
reciprocating steam engine because slow rotative speed and 
positive instantaneous control in either direction are of more 
importance than the mere matter of economy or simplicity. 
This is the case notably with hoisting engines used in mines. 
But if the exhaust steam from such engines can be profitably 
used for driving machinery requiring steady motion, well and 
good. For this purpose the steam accumulator was designed 
by Prof. Rateau some years ago, by which the exhaust from 
intermittently operating engines can be stored and effectively 
used in steam turbines exhausting into a vacuum. A notable 
installation of the Rateau accumulators is that at the Bruay 
mines in France. The accumulator consists essentially of a 
large vertical cylinder built of boiler steel in which are placcd 
heavy shallow cast-iron trays separated by narrow spaces 
through which the exhaust steam from the reciprocating en- 
gine must pass. The accumulator acts both as a condenser 
and as an evaporator. The exhaust steam at slightly more 
than atmospheric pressure condenses and collects in the form 
of water when the supply from the hoisting engine exceeds the 
demand of the turbine. Then, as the engine stops, the water 
re-evaporates as the pressure falls and keeps up a continuous 
supply to the turbine, 

The plans for the third suspension bridge to be built across 
the East River at New York, and to be known as the Man- 
hattan Bridge, have been the subject of much criticism, owing 
to the projected use of eye-bar cables instead of wire cables, 
as in nearly all suspension bridges. A committee of engi- 
neers, however, have rendered a report entirely favorable to 
the plans as drawn. They state that eye-bar chains were usea 
successfully long before wire cables were in use and that 
the chains have decided advantages in the accessibility of all 
parts for inspection and protection, as well as in economy 
and rapidity of erection; they are to be preferred to wire 
cables whenever the cost of the chains is not materially 
greater. The cost of eye-bar chains and wire cables in this 
bridge would be about the same. 

The Manhattan bridge will be a suspension bridge, having 
a central span 1,475 feet long between centers of towers, and 
two side spans of equal length, each 725 feet long, measured 
from center of tower to anchorage connection. Both central 
and side spans are somewhat shorter than the corresponding 
spans of the old East River bridge. The general design 
consists of four cables supported by steel towers or bents, 
each cable being a steel eye-bar chain, hanging in a vertical 
plane. The two center cables are 40 feet between centers 
and the side cables 28 feet between centers, making the total 
width 96 feet between centers of outside cables. Hach tower 
or bent consists of four vertical posts, one under each cable, 
these posts having pin bearings at the bottom, the pins being 
carried on metal shoes of sufficient size to distribute the 
weights properly over the masonry. 
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One of the most important works accomplished by the 
National Bureau of Standards at Washington has been the 
standardization of thermometers as manufactured by differ- 
ent concerns in this country. Some time ago sample ther- 
mometers were asked of the various manufacturers by the 
Bureau and it was found upon investigation that they varied 
in some instances by as much as three degrees—a very criti- 
cal amount in the temperature of a fever patient. The manu- 
facturers have now all consented to adopt the government 
standard and if their thermometers are carefully made they 
will all register alike. 

This is one of the things that the Bureau of Standards has 
done since it was established. Another important work is 
testing delicate weighing machines used in chemistry, pharm- 
acy and the sciences. It is desired to get manufacturers of 
measuring and weighing machines to work from precisely 


the same standard of weights or measures so that all such. 


apparatus will give uniform results. 

Another practical work that the Bureau is carrying on is in 
getting makers of machinists’ tools to work from one stan- 
dard of measurement so that all such tools will be exactly 
uniform. We imagine, however, that no marked variations 
in standards will be found here, for machinists’ tools run very 
uniform as a general thing. 

Before long the bureau will be established in a specially- 
constructed building on a hill near Washington, where the 
delicate instruments will be removed from the influence of 
noise and electric currents. In this new building there will 
be rooms where the temperature will be kept exactly the 
same the year around, and there the work will be carried on 
to greater advantage than is now possible. 


A. A. Knudson, at the annual meeting of the American 
Electro-Chemical Society, stated: During an examination in a 
city for electrolysis of water pipe our attention was called by 
the Superintendent of water works to several water meters 
which he believed had been ruined by electrolysis caused by 
railway currents. After making careful tests at locations 
where these meters had been in use, and not finding any signs 
of railway current, we had one of them taken apart for closer 
inspection. We found in the interior a brass valve arranged 
to move over iron slides, the slides being a part of the iron 
frame of the meter. Suspecting galvanic action, we made an 
effort to measure the voltage, and selecting a meter that was 
not so damaged as to entirely prevent its working, we con- 
nected the brass valve with an insulated wire leading it out 
through the discharge, thence to the millivoltmeter. Another 
wire from the iron casing was connected to the opposite pole 
of the instrument. We then turned on the water from a ser- 
vice tap and allowed the meter to work the same as in prac- 
tice; the effect was instantly shown upon the millivoltmeter 
which registered from 0.004 to 0.008 volt; variations of the 
needle between the minimum and maximum were caused by 
the variations of contact between the brass valve and the iron 
guides, over the uneven surface; the water was slightly 
brackish. The iron case was positive to the brass valve; the 
interior iron parts were softened and broke away. The num- 
ber of this meter was taken, and the records in the office of 
the Water Department examined to see how long it had been 
in use, which was found to be about twelve years; from this 
data we make the following deduction: A water meter or 
other like instrument constructed with dissimilar metals such 
as brass valves running upon iron guides in brackish water 
with an average difference of potential of 0.006 volt, will in 
twelve years be ruined by electrolysis due to galvanic action, 
and register inaccurately in a much shorter period. It is but 
proper to say that water meters of this construction have 
long since been changed by the manufacturer, and those now 
made by the same firm are differently constructed and are not 
liable to galvanic action in their working parts. Other 
instances of the use of dissimilar metals in various other con- 
‘structions could be mentioned, such as in steam plants, but 
we assume that sufficient has been said to at least call atten- 
tion to the evils which may result from the use of dissimilar 
metals in contact with liquids wherever they may be placed. 
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RE-ENFORCING PADS FOR BLOW-OFF PIPES. 

A writer in the Locomotive calls attention to the right and 
wrong ways of attaching re-enforcing pads to steam boilers 
for the blow-off pipe connection. These pads are usually 
made somewhat thicker than the shell plates, and are riveted 
to the boiler to strengthen the portion weakened by the hole 
cut for the pipe. But there is no good reason for not using 


the metal of the shell to hold the pipe, since tapping through 
Therefore the 


both nearly doubles the length of thread. 
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method shown in Fig. 1 of attaching the pad, or rather of 
cutting the hole, is wrong. The hole in the boiler shell is 
cut so much larger than the outside pipe thread diameter that 
it can do no good toward holding the pipe in place. The 
right way to apply a blow-off pipe re-enforcing pad is shown 
in Fig. 2. The hole in the shell is made such a diameter that 
a full thread can be tapped. Both the thread in the shell and 
in the pad are, of course, tapped at one operation. 


TREATMENT OF LEAKS IN CONCRETE WITH OIL. 
Insurance Engineering, June, 1903, p. 539. 


From the report of the Chief of Engineers, U. S. Army, 1902, 
it is learned that in the fortification work at Fort Caswell, 
North Carolina, it was found almost impossible, with the un- 
stable subsoil, to prevent unequal settlement and consequen: 
cracking of concrete. It was noticed that water falling on the 
concrete surfaces near the guns, which had been coated with 
the oil used on the guns, was not absorbed, and this led to 2 
coating of the entire concrete mass with boiled linseed oil. 
Where large breaks occur, they are filled with cement grout, 
and the linseed oil is poured in as long as it is absorbed. 
There is formed in the crevice a gum from the oil which in 
time fills it to the top, after which the entire surface is coated 
with successive applications of the oil until it ceases to be 
absorbed. Previous to the trial of this method the two 12-inch 
emplacements were noticeably leaky, and for the purpose of 
experiment the worst of the two was selected and treated as 
above outlined, with the result that it was made perfectly 
water-tight. Since then all of the emplacements of the post 
have been treated in a similar manner, and may now be con- 
sidered water-tight. It is thought probable that it will be 
necessary to give a coating of oil, at least near the openings, 
when the concrete expands and contracts in the spring and 
autumn, but this will be comparatively inexpensive and take 
very little time. 


APPARATUS FOR WASHING MOVING TRAINS. 
Railway and Locomotive Engineering, July, 1903. 


A novel train washing apparatus is in operation on the 
Great Western Railway at the West London yards. It con- 
sists of a small shed built over a single track and through this 
a yard engine draws a train at the rate of about four miles 
an hour, and it comes out of the shed as clean as a good rub- 
down and cold water can make it. 

On each side of the shed on a movable frame there are 
arranged brushes which are made to revolve rapidly and 
beside .these brushes there are perforated water pipes which 
when the apparatus is in action, give a copious discharge of 
water. The whole is operated by steam power, and the men 
employed in the washing of cars stand behind glass screens 
which keep them from getting wet. By the manipulation of 
levers, the revolving brushes are brought against the sides of 
the coaches. There are water pipes on each side of the 
brushes, so that if by any chance the brushes should leave 
streaky patches the Niagara flow washes it off. 

The brushes are on shafts driven by chain gear and sprocket 
wheels, so that water has no effect upon them, and the track 
is arranged to drain the water off as rapidly as it falls. Some- 
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thing less than a thousand coaches are thus given their 
“tub” every day with thorough English regularity, and the 
railway company has found the washing shed to be a time 
and labor saver. The plant is the property of the Universal 
Carriage Washing Syndicate of London. 


DISK AND SPOKE WHEELS. 
Zeitschrift fur Werkzeng Machinen und Werkzenge, April 15, 
UXO io), Ee 
By means of a new process brought out by Ernst Romer at 
Gleiwitz, wheels and pulleys, applicable to a great variety of 
purposes can be formed out of steel castings. The raw ma- 
terial required consists of a blank either with a full or hollow 
hub as shown in Fig. 1, and formed into the rough shape either 
by hammering or casting. These blanks are then heated and 


Figs. 1, 2 and 3. 


brought into the shape indicated by Fig. 2, between dies 
worked either under a hammer or a powerful press, by which 
the rim will be turned back and made symmetrical on each side 
of the disk or spokes. This latter formation is effected either 
at the same or a subsequent heat by means of the hollow 
stamp, a, Fig. 3, whereby a uniformity and proper distribution 
of the thickness of the metal is brought about. Gaiisck: 


HOISTING FROM GREAT DEPTHS. 
Engineering and Mining Journal. 


In the course of a review of a paper read by H. C. Behr 
on “Winding Plants for Great Depths” Robert Peele says that 
the variation of load moment on a hoisting engine due to the 
varying weight of the rope, is enormous. The best steel is 
used for the ropes of deep shafts, being plow steel having a 
tensile strength of from 200,000 to 250,000 pounds per square 
inch. But even with the high average tensile strength of 
250,000 pounds a rope 1.52 inches diameter is necessary for 
hoisting a net load of 8,000 pounds in a skip weighing 5,000 
pounds from a depth of 6,000 feet. A wire rope of this size 
and length, weighs 22,500 pounds, and with the skip and con- 
tents weighing 13,000 pounds, the load varies from 35,500 
pounds at the bottom to 13,000 pounds when the skip is at the 
top of the shaft. To compensate for this variation of load coni- 
cal winding drums are employed, but there are practical diffi- 
culties in using perfectly compensated conical drums for very 
deep shafts. From the principle of the conical drum it is 
obvious that while the difference between the end diameters 
cf the drum increases with the depth of the shaft (or the 
leneth and weight of the rope), the axial length of the cone 
does not increase proportionately to the diameter of the larger 
end. In other words, if the end moments be made equal, the 
angle which the element of the cone makes with its axis be- 
comes excessive for a very deep shaft, which may lead to 
difficulty in properly fleeting the rope upon the drum, and 
even to a liability that the rope may slip from a groove, thus 
causing a dangerous shock or even breakage. For depths of 
less than 3,000 or 3,500 feet this difficulty is not serious, but 
for depths approximating 5,000 feet the angle of the drum 
becomes extremely steep, provided it is really designed to at- 
tain equalization. A case in point is the huge double conical. 
drum of No. 3 shaft of the Tamarack Mine, which is 10 feet 
diameter at the small end and 36 feet at the large end, the 
angle of the cone being about 52 degrees. This drum is de- 
signed to hold 5,500 feet of rope on each side, the portion from 
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17 feet to 36 feet diameter being used for hoisting from 4,500 
feet. Trouble has been experienced with the fleeting of the 
rope on this drum, and the maximum speed of hoisting is kept 
lower than at shaft No. 2, which is provided with a cylindrical 
drum 30 feet 6 inches in diameter. In Tamarack shafts Nos. 1 
and 5, combination conical and cylindrical drums are employed. 
For a double compartment shaft the larger part of the drum 
is cylindrical, terminating at each end in a Short frustrum 
of a cone. Each rope in turn winds up the conical surface and 
then over the cylindrical part, the latter being alternately 
occupied by the over and under ropes. 


THE AUTOMOBILE AND THE RAILWAY AS TRANSPORT 
AGENTS. 


Engineering Magazine, July, 1903, p. 481. 


The author denies that the automobile can ever become a 
serious competitor to transport lines having steel rails to 
carry the load. While the automobile is undoubtedly destined 
for a much broader field of activity than it now enjoys, it 
must always remain a vehicle of pleasure and a means of 
freight transport for limited distances only. This applies to 
streets and roads covered with ordinary paving or macadam. 
The traction or pull of a vehicle on the best macadam road 
is at least four times that on steel rails; on some macadam 
roads it is eight times as great. The steel road igs as much 
better than macadam as macadam is better than mud. A 
locomotive which cannot propel itself more than twenty-five 
miles an hour on the best macadam road, can pull a long 
train of cars at that speed on steel rails. Running cars on 
steel rails has changed the world more than any invention 
ever made, extending commerce, spreading civilization, pro- 
moting peace, unifying nations. That it is the steel rail 
more than the locomotive that has worked these great changes 
is shown by the fact that the locomotive at work off of steel 
rails has accomplished very little, although it has been in 
actual or attempted use longer than the locomotive on rails. 
Railways without locomotives, such as horse-railways and 
cable-railways, are able to carry passengers three or five times 
as far for a nickel as any vehicle on any other kind of road. 
In the first case the railway is maintained by the transporta- 
tion company, and in the second case the road is maintained 
by the taxpayers and is entirely free to all users. The aver- 
age cost of hauling freight by road locomotives is at least 
ten cents per ton mile; on the Pennsylvania Railroad it is only 
one-half cent. It is one of the great disadvantages of vehicles 
not on steel rails that they must be steered around each 
other, thus pursuing a serpentine course which adds to the 
distance and makes high speed dangerous. Sixty miles an 
hour is safe on rails; fifteen miles an hour is dangerous on 
macadam. Again, a dollar’s worth of steel will probably out- 
wear a dollar’s worth of macadam. The life of a traction 
engine is only four or five years; that of a locomotive is fifteen 
to thirty vears. The automobile instead of becoming a menace 
to the railway, will become a feeder to it. Its efficiency will 
be greatly increased by the laying of plate rails, but it then 
becomes a locomotive traveling on a railway. The steel plate- 
way for city streets cannot become a great success for auto- 
mobiles until they become so numerous that the horse is prac- 
tically banished as a factor in hauling a city’s freight. 


THE CUTTING ACTION OF HIGH-SPEED STEEL. 
Abstract from Paper read by W. H. Maw before the Institution 
of Civil Engineers, June 16, 1903. 

A few years ago the claim of this subject, “The Action of 
Cutting Tools,’ to be regarded as an “unsolved problem in 
engineering” might, perhaps, have been disputed, but in view 
of recent developments the matter has assumed a different 
aspect. The matters which have had the most important in- 
fluence in bringing about the present conditions are two— 
viz., first, the extensive adoption of automatic machine tools; 
and, second, the introduction some three years ago of the 
so-called “‘rapid tool steels,’ capable of working under condi- 
tions previously regarded as impracticable. The use of auto- 
matic machine tools has accelerated materially the adoption of 
the system of employing, in machines, tools which have been 
ground to certain definite forms and cutting angles, which 
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the man in charge of the machine is not allowed to modify. 
To secure satisfactory results under such a system it is evi- 
dent that strictly definite knowledge igs necessary of the form 
of tools required, as well as of the character of steel of which 
they are made and its treatment. What is required in such 
tools is not only good cutting action at high speeds, but also 
the power of maintaining the cut for considerable periods 
without requiring readjustments; and to enable these condi- 
tions to be fulfilled with the older classes of tool steel, very 
efficient lubrication or cooling of the cutting edge was essential. 
On the other hand, the new classes of “‘rapid tool steel,’ such 
as the Taylor-White steel and its successors, work well under 
quite different conditions; they can be run dry at exceptionally 
high speeds and under heavy pressures, and can, without in- 
jury, be allowed to attain temperatures which would at once 
ruin any ordinary steel. Now we are here brought face to face 
with an apparently utterly abnormal condition of things—a 
condition which is not only of high importance in itself, but 
of even greater importance as indicating how extremely limit- 
ed is the knowledge which we possess of the materials available 
for our use. To what, then, is the action of these rapid steels 
due? This is a point which has as yet been far from fully 
investigated; but experiments have been made by Mr. J. 
Spiller, the chemist, and Messrs. Whilacek and Hatlanek, 
engineers, of the Poldihtitte, Kladno, which, together with the 
researches of Mr. Fridolin Reiser, of Vienna, throw consider- 
able light on the matter. 

The new tool steels contain in addition to iron and carbon 
—chromium, tungsten, and sometimes titanium and molybde- 
num, and Mr. Spiiller’s view is that, in the point of the tool, 
the excessive heating causes a portion of the carbon to leave 
the iron and form high carbides of chromium and tungsten. 
These higher carbides exist in the form of needle-like crystals 
of intense hardness, which are embedded in the soft iron car- 
bide as in a matrix, and which form the real cutting portions 
of the tool. This view is supported by the fact that the points 
of these tools harden in use, and also by the form assumed 
by the tool points after heavy service; but it cannot be said 
to be absolutely proved, and the assumption that the forma- 
tion of the crystals of chromium and tungsten carbides is due 
to the heating alone does not seem to satisfactorily explain 
the difference which apparently exists between the point 
and the immediately adjacent portions of one of these tools. 
There is, however, another action going on which may, I think, 
exert an important influence, and that is the extremely intense 
pressure to which the point of such a tool must necessarily be 
subjected. Of course, this is merely a suggestion, but I think 
it not improbable that further research may show that intense 
pressure and heat in combination can produce an effect which 
would not result from heating alone. 


THE EFFECT OF VACUUM ON THE STEAM TURBINE. 
Power. July, 1903. p. 400. 


The steam turbine is very sensitive to a vacuum. A couple 
of inches additional vacuum will increase the efficiency of a 
turbine much more than it would that of a reciprocating en- 
gine. It is easy to see why this should be so. In the recip- 
rocating engine of the most refined type more than twenty 
expansions are rarely used, usually less. In the steam tur- 
bine one hundred expansions may be easily realized. Con- 
ceive of a steam diagram with twenty expansions. If the coun- 
ter pressure could be lowered two pounds, an area would be 
added to the diagram equal to the product of the width repre- 
senting that pressure and the length of the diagram. Suppose 
now the number of expansions be increased to one hundred. 
Since the length of the diagram represents the final volume, 
the diagram would be five times as long and the lowering 6f 
the counter pressure line two pounds would add five times as 
much area as it did in the former case. In addition to this 
area, another gain is derived from the further expansion. 

With equal ratios of expansion, as where both engines ex- 
haust against a pressure of, say, five pounds above the atmos- 
phere and the reciprocating engine diagram ends in a point, 
the turbine will probably be less efficient than the reciprocat- 
ing engine. The turbine owes its efficiency to the large ratios 
of expansion which it can utilize and even with these ratios 
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is able to attain efficiencies only equal at best to those of the 
best piston engines. The reciprocating engine suffers some 
20 per cent. from internal condensation, due to the alternate 
heating and cooling of its surfaces. The turbine suffers prob- 
ably more from lack of mechanical efficiency. When steam is 
confined its pressure is positively exerted upon the containing 
surfaces and any increase of volume is positively productive 
of the corresponding amount of power. In the turbine the 
energy of the steam is first put into inducing motion in the jet 
or current and then the turbine is used to absorb it. This it can 
do perfectly only by bringing the steam to absolute rest, and 
in the absence of eddy currents and friction. The best water 
turbines convert only about 80 per cent. of the energy of the 
water, and probably the steam turbine is no more efticient as 
a turbine, so that whatever advantage the turbine may have 
over the reciprocating engine in the avoidance .of internal 
condensation is probably offset by its lack of efficiency as a 
motor. 

Another reason why the vacuum is of particular value to a 
turbine is the reduction which it effects in the windage. A 
top will spin for an enormously long time in a vacuum. If it 
had to spin in an atmosphere of compressed air or high-pres- 
sure steam, its motion would last for a comparatively shorter 
time. At the high speedi’at which the turbine vanes are run 
the frictional resistance in the dense high pressure steam of 
the earlier stages must be considerable, but in the much less 
dense atmosphere of the later stages much less of the energy 
absorbed is used in overcoming friction. Of coursé energy 
cannot be continuously impartedto steam in a confined space 
without heating it, so that the heat developed by this and 
other forms of fluid friction may go to improving the quality 
of the steam and preventing its condensation. 

Since the turbine is less efficient than the reciprocating en- 
gine in the early stages of expansion, but is capable of carry- 
ing the expansion practically to so much greater an extent, 
the idea suggests itself that the turbine might be used to 
replace the low-pressure cylinder of a compound engine. This 
would mitigate the loss from internal condensation, as all the 
heat which goes into the first cylinder, with the exception of 
that lost by radiation and converted into work, must pass to 
the receiver and’ would be available for use in the turbine 
through the lower temperature range. Great ratios of expan- 
sion would be available and the enormous cylinders necessary 
for even the limited ratios now attained would be avoided. 
The simplicity and compactness which are such attractive fea- 
tures of the turbine would be, however, in a measure sacri- 
ficed, as would the particularly advantageous use of super- 
heated steam and the avoidance of oil in the condensed exhaust. 


THE HEISLER COMPENSATING GEAR FOR DIRECT- 
ACTING PUMPING ENGINES. 


Engineering News, June 4, 1903, p. 497. 


Chief among the defects of direct-acting pumping engines 
are the variable length of stroke, inability to run at high 
speeds, and unsatisfactory steam distribution, leading to poor 
economy. Crank-connected pumping engines overcome these 
defects, but only at the expense of lightness and low cost. 
In direct-acting pumps the resisting force in the water cylin- 
der is constant throughout the stroke and is equal to the 
delivery head of the pump; the steam pressure must, there- 
fore (neglecting the inertia effects of the moving parts), also 
be constant. In other words, full steam pressure must be 
used throughcut the streke. The advantage of steam expan- 
sion is therefore lost and the pump is very wasteful of steam. 

The inertia of the moving parts tends to correct this evil. 
They absorb energy during the first part of the stroke in the 
acceleration of the mass of the pistons, rods, etc., while the 
last part of the stroke these masses being brought to rest 
give up this stored energy. Therefore, instead of a constant 
steam pressure being required throughout the stroke it is 
necessary that the pressure during the first half of the stroke 
be higher than the average, and lower than the average during 
the latter part of the stroke. If the reciprocating parts be 
made very massive this effect may become large enough to 
permit of quite early cut-off. This method has rarely been 
employed, however, because of its expense, although in the 
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D’Auria pump a column of water, contained in a closed cir- 
cuit of pipe, is substituted for the heavy metal reciprocating 
parts. Another method originating with Mr. A. S. Cameron 
has been used in modified form in the Worthington high-duty 
pumping engine, in which there are auxiliary hydraulic cylin- 
ders attached to the piston rod in such a manner that they 
force water into an accumulator during the first part of 
the stroke and during the second half of the stroke the 
plungers in these cylinders are driven by the pressure water 
stored in the accumulator. 


Fig. 1. 


Triple-expansion, Direct-acting Heisler Pumping Engine, with 
Compensating Mechanism. 


A few years ago Mr. Charles L. Heisler devised a direct- 
acting pump in which compensation is secured by novel means, 
different from any of the foregoing. His construction com- 
prises essentially a link connection between the two piston 
rods of a duplex or compound pump. By means of this link- 
age the steam cylinder of one side during the first part of 
the stroke gives aid to the other side, which is then in the 
last part of its stroke, and in turn when near the end of its 
stroke it receives aid from the other side. The linkage also 
gives each of the two pistons a definite, fixed length of stroke 
in place of the undetermined and variable stroke of the ordi- 
nary pump. As a result clearance spaces may be made small 
and a smooth action is obtained at all speeds. 

In Fig. 1 is a general view of a large size Heisler engine 
which illustrates the general arrangement of the mechanism. 
It has a triple-expansion steam end direct-connected with two 
water cylinders. The intermediate and low-pressure cylin- 
ders are set tandem, together with one of the water cylinders, 
while the high-pressure cylinder is set in line with the other 
water cylinder. The engine has a capacity of 10,000,000 gal- 
lons per day. The steam cylinders are 21, 33 and 48 inches 
by 24 inches stroke, and the pump plungers are 19 inches diam- 
Crem 

The “compensating” linkage is seen in Fig. 1 between the 
steam and water ends, and consists of two functionally sepa- 
rate parts: The compensating linkage and the valve gear. 
Since the former is the essential novelty of the pump it will be 
explained first by the aid of Fig. 2. 

The device consists of two crank arms, © and OQ’, pivoted 
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to the frame casting of the engine, and having their free ends 
connected with the piston rods by links Z and UL’; the free 
ends are also interconnected by a rod, F, which has no fixed 
attachment to the frame and is called the floating rod. The 
piston rods of the two sides of the engine being thus linked 
together, they have definite relative motions, and any defici- 
ency in moving force on the one side will be made up by aia 
from the other side. The relative positions of the two sides 
at four different points of the stroke are shown in Fig. 2. At 
A the low-pressure side has just completed its up-stroke, and 
the high-pressure side has traveled about one-third of its 
stroke from the bottom; the former has an excess of moving 
force during the first part of its stroke and aids the high- 
pressure side during the remaining two-thirds of its stroke. 
At B, the high-pressure piston has completed its up-stroke 
under continuous aid from the other side, and during the 
first third of its down-stroke its excess of moving force aids 
the low-pressure side in completing its stroke. It will be 
observed that the floating rod F is in tension throughout the 
conditions A and B. At CO and D are shown the respective 
positions one stroke later than A and B; evidently the action 
is the same as that described; the low-pressure side during 
two-thirds of its up-stroke aids the other side, and the latter 
aids the low-pressure only during one-third the stroke. 

As shown in Fig. 2, the low-pressure side leads the high- 
pressure by about two-thirds of a stroke. With this arrange- 
ment it is clear from the preceding description that the high- 
pressure side receives more aid than it returns; it has the 
benefit of the high initial moving force on the low-pressure 
side during two-thirds of its stroke, while it in turn aids the 
low-pressure only during one-third its travel. This makes 
it possible to employ a very early cut-off in the high-pressure 
cylinder and thus secure economy in steam consumption. If 
the direction of motion were reversed, the above relation 
would also be reversed, and in this case the low-pressure side 
would receive more aid than it gives. 


C 


Fig. 2. Diagram of Compensating Linkage and Valve Gear. 
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In connection with this compensating linkage Mr. Heisler 
usually employs a peculiar valve gear, which takes its mo- 
tion from the links of the compensating motion. The purpose 
of the gear is to Secure rapid opening and closing of the valves 
by an action which shall operate smoothly at all speeds. In 
Vig. 3 is shown a compound pump, the high-pressure cylinder 
being on the right, fitted with compensating links. The tail 
of each crank arm of this linkage is extended to give an attach- 
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ment for the valve-gear links. From this point of the low- 
pressure crank arm a lever, G, extends over to the high-press- 
ure crank arm, in whose tail is fastened a pin on which lever 
G slides. This pin can be moved toward or from the crank 
arm center for the purpose of adjusting the point of cut-off 
in the low-pressure cylinder. At L L, on the lever G, the low- 
pressure valve stem is fastened by means of a link. The 
high-pressure valve is connected in a similar way to a lever, H, 
which at one end is linked to point H L on the tail of the high- 
pressure crank arm. The other end of lever H is attached 
somewhat differently from lever G, being connected by means 
of a link to a point on the floating rod of the compensating 
linkage. 

The motion of either valve is determined in the main by the 
motion of its piston rod, valve and piston rod moving approxi- 
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Fig. 3. Diagrams showing Operation of Valve Gear. 


mately in opposition; but when the corresponding piston is 
near the end of its stroke, and is consequently moving slowly, 
the influence of the other piston becomes the dominating one, 
and it acts upon the gear so as to give the valve a rapid 
motion in this part of its travel. 

At the points marked L L, L C, H L and H O, the pins con- 
necting the separate levers of the valve gear are adjustable, 
as indicated by the slotted holes, for the purpose of ad- 
justing the amount of lead and the point of cut-off in the two 
cylinders, 


DRAWING OFFICE EQUIPMENT—UNIVERSAL DRAFTING 
MACHINE. 


Paper read by John B. McGeorge at Saratoga Meeting of the 
A. S. M. E., 1903. 

One of the interesting and valuable papers presented at the 
Saratoga meeting of the American Society of Mechanical 
Engineers (June, 1903), was that by John B. McGeorge on 
drawing office equipment. Mr. McGeorge made a _ strong 
plea for better drawing office equipment and facilities than are 
usually provided. He said there are many prominent engi- 
neers who look upon drafting as merely a means to an end, 
and the end they seek is so much more important in their 
opinion than the means, that the drafting is too trivial to be 
given their attention. For the sake of comparison suppose a 
rolling mill is to be designed. Much attention is paid to the 
design, but the mill is merely a means to an end. Suppose 
that rails are produced by this mill—they are simply a means 
to another end—and so on indefinitely. It is estimated that 
from $45,000,000 to $50,000,000 is paid to draftsmen in this 
country in one year. In view of this enormous expenditure 
it would seem that the drawing office should receive more 
attention than it does and its equipment be such that it not 
only can produce drawings in the cheapest way possible, but 
also in the best way possible. To illustrate the ‘‘penny-wise- 
and-pound-foolish’ methods of economy sometimes practiced, 
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mention was made of the experience of a chief engineer who 
took charge of a large force of draftsmen. He found that 
the man who had been in charge was buying the cheapest 
kind of paper and the cheapest supplies that could be ob- 
tained. By this parsimonious practice he succeeded in cut- 
ting down the supply bill from $60 a month to $30 a month, 
making a net saving of $360 a year. But the salary item was 
$100,000 a year and to save $360 he was jeopardizing the 
$100,000 item, and probably losing from $10,600 to $15,000 
a year. 

Then again some engineers will state that they have drafts- 
men who can accomplish more with a short stub of a pencil, 
a cheap tee-square, and some old rusty instruments, than 
other men can do with the very finest equipment. This is 
very true, but it does not follow by any means that the first 
man would not accomplish more with a better equipment. 
There is still a great necessity to insist upon the truism that 
the best men in the best surroundings, and with the best 
conveniences, do the best work. 


A3 B 
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Fig. 1. 


“Our stenographers are supplied with good typewriters and 
nice desks, and our clerks with the best equipment that can 
be provided for them. In the shops we are anxious to put 
in all the labor-saving machinery possible, but in the drafting 
room, where salaries are very much higher and where any 
saving counts a great deal more, both directly and indirectly, 
it is very generally true that the equipment is often cut down 
to a deplorable extent. It certainly ought not to be so. 

The first point to be considered in the equipment of an 
office is the question of light. Daylight is the best as well 
as the cheapest, but is not at all times obtainable. In large 
drafting rooms this light is not usually sufficiently diffused. 
The windows should be as high and as near the ceiling as 
possible, so that the interior of the room may receive light. 
The man next to the window should only have control of the 
shades covering the lower half of the sash, and the shades, 
both upper and lower, should be translucent. There are only 
two methods of artificial lighting which have proved to be 
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Fig. 2. 


perfectly satisfactory. The one is where arc or Nernst lights 
are used and the light reflected from them against dead 
white ceilings and walls. This gives good general illumination, 
which, if properly done, will dispense with individual lights. 
The other method, which has given satisfaction, is the in- 
dividual adjustable electric lamp for each board. 

Another important consideration is that of ventilation. No 
draftsman can do his best work without an abundant supply 
of fresh air. This is a matter that is receiving more and 
more attention in the designing of schools and public buiid- 
ings, and it is beginning to receive considerable attention in 
offices. A very practical question arises as to the number of 
square feet area to be given to each man. There are three 
factors entering into this question. First, the convenience 
of the draftsman, allowing ample room for reference drawings, 
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ete.; second, ventilation; and third, sufficient room so that 
those supervising the work can get around the office without 
disturbing the men in passing. It is believed to be good 
policy to allow at least 100 square feet for each man. The 


American Bridge Co., employing hundreds of men, allows 
considerably more than this. 


In regard to the sanitary ar- 
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T-square or the “Universal” drafting machine. The objec- 
tions referred to, are mainly three. Some of the men ob- 
jected to holding their arms up about even with their shoul- 
ders all day long, and then again the vertical board does not 
give them opportunity to have their reference drawings and 
other data scattered conveniently around as does the hori- 
zontal board. The third objection is that 
of the superintendent who does not like to 
have the office divided off into stalls. 


Fig. 3. Universal Drafting Machine. 


rangements, the toilet room should be immediately off the 
drafting room instead of being in some inaccessible nook as 
is too often the case. 

The employers of the author, the Wellman-Seaver-Morgan 
Co., have been using a large number of Svenson boards, which 
have a frame carrying a parallel ruler on the Bergner prin- 
ciple, and in which frame can be placed a loose board, thus 
enabling a number of different drawings to be worked on 
without disturbing the paper on the board. The Svenson 


The “Universal” drafting machine referred 
to is the invention of Charles H. Little, and 
was worked out by him while employed in 
the drawing office of the Wellman-Seaver- 
Morgan Co., where it first received practi- 
cal trial. Fig. 1 shows the principle of the 
device in outline. It consists essentially of 
the two arms, AO and BD pivoted at one 
end to the corner of the drawing board and 
to a ring at the other end. Midway on the 
ring between the latter pivotal points are 
connected the arms HG and FH, which are 
connected at the other end by a third mem- 
ber upon which is mounted the straight- 
edge JK. When the straightedge is moved 
to another position on the board, it remains 
parallel to its former position as indicated 
by the dotted line J’ K’. The arms then as- 
sume the positions indicated by the dotted 
lines. ‘The device is, in fact, a parallel mo- 
tion in which the member AB is fixed. But 
ihe length of AB is only 3 inches, while the length of the arms 
is 24 inches and that of the straightedge is 30 inches. The 
first impulse of almost every practical man would be to say 
that the thing is unpractical to manufacture simply be- 
cause it would not be possible to make it in numbers, of 
sufficient accuracy to meet the requirements of the drafts- 
man. The cross-bars 4B, CD, EF and GH, are all three inches 
center to center of the pivots. Any looseness in the bearings 
would be multiplied ten times out at the end K of the 30- 
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Fig. 4. Drawing Office of the Dodge Manufacturing Co. 


board can be placed at 60 degrees, 45 degrees, or flat (the 
ruler being balanced), and this to anyone troubled with bilious 
headaches is a great blessing. But several objections were 
found to the use of the vertical drawing boards for average 
size drawings, so later a table was designed which could be 
adjusted in height and slope and used in connection with the 


inch straightedge JK. But as the practical variation found is 
only about 1-100 inch it shows that there is a looseness of 
only about 1-8,000 inch in each of the eight bearings, which 
indicates a degree of accuracy in machines made in num- 
bers that is surprising. Another feature of vital importance 
is that all the arms shall be of equal length, otherwise the 
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position J’ K’ would not be parallel to that of JK. The arms 
should not only be of the same length, but they should also 
be straight and parallel with the board when in their work- 
ing position, éspecially AC and BD. The first condition must 
be obtained by accurate ‘jigging,’ but the second condition 
is obtained by giving AC and BD an initial set upwards as 
indicated by the dotted lines in Fig. 2, which is a view of the 
device looking at the left end of the board. The weight of 
the ring and the other set of arms then brings these rods 
downward to a position parallel with the table. This is very 
important, as the sag of the arms in an instrument of so 
accurate construction, was found to be a most serious mat- 
ter. The joints work on straight pins which are hardened 
and ground. A cone joint, adjustable for wear was first used, 
but this has been discarded as it was found difficult for the 
users to make the fine adjustments necessary for accuracy. 
They cannot tinker with the straight joint, and as soft, 
straight pins even have shown no perceptible wear after long 
use there is really no need for an adjustable joint, especially 
when the straight pins are hardened. 

The photograph reproduced in Fig. 3, shows one of the 
machines mounted on a drawing board with two scales, also 
used as straightedges, mounted at right angles on the protrac- 
tor head. The normal location of the stationary pivots is at 
the upper left-hand corner. of the board. The drawing shown 
is that of an ore-handling crane drawn to the scale of 3-4” =1 
foot. The horizontal straightedge is 18 inches long and the 
vertical one is 12 inches long. Both are reversible, clips being 
provided at both ends for engaging the connections mounted 
on the protractor head. The use of scales as straightedges 
is said not to be detrimental to them since the graphite of 
the pencils acts as a lubricant. The protractor is made with 
spring stops for the angles most commonly used; it may also 
be clamped at any required angle. With this feature it is 
obvious that angular work may be as readily done as ordi- 
nary work, i.ée., vertical and horizontal lines. 

The drawing room illustrated in Fig. 4, is that of the Dodge 
Manufacturing Co., Mishawaka, Ind., which largely uses the 
“Universal” drafting machines, twelve being shown in the 
view. In other respects this drawing room conforms to the 
ideas set forth in Mr. McGeorge’s paper. The lighting is un- 
usually good, although perhaps as not as well diffused as it 
should be. Fans are provided for circulation of air in hot 
weather, and a pneumatic message tube connects it with all 
principal parts of the shop. 


AN INDICATING ANGLEMETER. 


Abstract from Paper read at the Saratoga Meeting of the 
A. S. M. E., June, 19085 by C. EL. Sargent. 

Ever since it has been desirable to operate alternating 
generators in parallel, the question of getting a prime mover 
the angular velocity variation of which shall come within 
the limits prescribed by the generator manufacturers, has 
been an important consideration. When Corliss engines 
were first used for incandescent direct-current lighting, many 
of them had such light-weight flywheels that an observer 
could count the revolutions of the engine by the variations 
in candle-power of the lamps. Generally speaking, the heavier 
the flywheel—other things being equal—the less will be the 
angular velocity variation during a rotation; but the heavier 
the flywheel the greater the first cost and the more power 
required to revolve it in its bearings; hence a flywheel just 
heavy enough to vary less than the maximum allowed is more 
economical than one of greater weight. In order to be able 
to determine at sight the actual maximum variation in steam- 
engine flywheels, and more expressly in the flywheels of in- 
ternal. combustion engines the instrument herewith described 
was designed. 

If a light pulley is driven by the engine shaft with a flex- 
ible, inelastic belt, it should vary in speed commensurate 
with that of the engine. If a heavy flywheel at a high velo- 
city is kept in motion by a tension spring having a practically 
uniform pull, there should be no change from a uniform 
velocity during a revolution of the engine. The device de 
scribed indicates in circular measure the variation of the 
engine flywheel from a uniform velocity. 
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The anglemeter consists of a heavy main frame and base, 
and two uprights with bearings on each which carry the 
moving parts. 

The shaft A, Fig. 1, to which the intermediate bevel pinion 
axis D and the segment F are rigidly attached. carries the 
flywheel and bevel gear B, the driving pulley O and the gear 
E; the latter are fastened together by the feather J. The 
rotation of the shaft A and the parts fixed to it, is limited 
by the stops K, Fig. 3. Motion of this shaft and segment F 
is transmitted to the pinion G@ and segment F” and the pin- 
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Fig. 1. 


ion G’, which is loose on the pin M, and carries the needle O. 
The driving pulley C is made very light, with two diameters 
for high and low speed engines, and is fastened to gear H by 
the feather J and nut P. 

The axis D is held in a vertical position by the two opposed 
By using two springs under tension 
a large movement for a small increment is obtained, and the 
anglemeter may be run in either direction; and when run- 


ning, a proper adjustment of the tension nuts brings the 
position on the dial. 


needle to a vertical A hair spring 
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Fig. 2, 
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around the pinion G@’, not shown in the cut, eliminates any 
lost motion in the multiplying gear. The anglemeter is 
driven by a belt from some part of the engine shaft, which 
through the intermediate bevel pinion and the tension springs, 
drives the flywheel. in the opposite direction at a uniform 
velocity. 

If the tension of the springs which tend to hold the inter- 
mediate bevel-pinion axis in a vertical position is equal to 
the pull necessary to keep the flywheel rotating at a con- 
stant’ speed, then a change in the angular velocity of the driv- 
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ing pulley which varies with the change of the engine speed 
allows the axis of the bevel pinion to vary one-half the angle 
of driving pulley. 

If the diameter of the pulley on engine shaft is such that 
the velocity of the anglemeter is 7.2 times faster than the 
engine, its angular variation during one rotation of the en- 
gine will be 7.2 times greater, and the angular variation of 
the axis of intermediate bevel pinion from a vertical or 
normal position will be 3.6 times greater than that of the 
engine; and the needle, which has an angular movement 
100 times greater than the bevel-pinion shaft, will therefore 
have 360 times the angular movement of the engine flywheel 
from a uniform rotation. Therefore if the engine flywheel 
should vary one degree during a rotation, the needle on the 
dial would vary 360 degrees, or make a complete half revolu- 
tion each side of the normal position. As the dial has 360 
divisions or degrees, one minute variation of the engine shaft 
would show six degrees on the dial, and ten seconds variation 
of the engine would show one degree on the dial. 
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A belted tachometer from the anglemeter flywheel shows a 
uniform speed under extreme angular variations of engine 
flywheel, which might be expected, however, when we con- 
sider that for a variation of one degree of engine the change 
in the length of springs is less than 14 of an inch, and that 
for a variation of one minute the length of springs varies 
less than .004 of an inch. If. however, an engine is racing, 
ihe speed of the anglemeter flywheel will rise and fall in 
proportion to that of the engine, for it makes in a minute 
some multiple of the engine speed. 

The belt which is used to drive the anglemeter is a piece of 
special cotton tape one inch wide, butt-jointed with an ordi- 
nary over-cast stitch, which makes it practically endless; 
and as there is no perceptible stretch and but little inclina- 
tion to creep, the speed of the light driving pulley of the 
anglemeter should vary exactly with the engine speed. 

The amount of deflection of the needle each side of norma! 
is readily seen when the anglemeter is in operation. When 
applied to a gas engine working under normal conditions, 
having two impulses per revolution, as good results are 
obtained as from a single-crank steam engine, but if abnormal 
conditions arise, such as premature or missed ignitions, the 
trouble is at once located by the needle’s usual deflections. 

THE HOT WELL AS AN OIL EXTRACTOR. 
Paper read by A. H. Eldredge at the Saratoga Meeting of the 
ASS VE Nis Ine wl 903: 

Figs 1 and 2 give the plan and cross-section of a hot-well 
that has been in successful operation during the past year. 
The well is divided into three parts: 

A, the common discharge side for the steam condensers; 
B, the discharge side for one steam condenser; and (, the hot 
side, or pump side. 

The operation of the well is as follows: The bulk of the 
condensing water enters at A and overflows, to a cistern, at D. 
The water from a single jet condenser enters B. The water 
from this condenser comes from an engine that runs continu- 
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ously nearly the entire year. Its temperature is kept between 
125 degrees and 160 degrees F. to favor the boiler feed tem- 
peratures, although at the expense of the vacuum, which runs 
from 20 inches to 24 inches. The higher temperature also 
saves condensing water. a iy 

There are two outlets from B, one an underflow at H into C, 
and one an overflow at F into A. The overflow at F is 3 inches 
lower than the one at D to insure a passage in and out of B. 

The hot side, or pump suction side OC is supplied from B 
through EZ. The temperature of this water is increased by re- 
turning to it, so far as possible, all steam drips, and pump, or 
other exhausts, raising its temperature to from 160 degrees 
to 180 degrees F. This gives a good start for a desirable feed 
water temperature, and at the same time saves many traps. 
together with their accompanying troubles and expense, in- 
suring the return of the various drips with their British 
thermal units to the boilers. The only outlet from C is 
through the pump suction, and only such water enters C as 
is sufficient to supply the pump. Should the water at any 
time be cut off from B, then the supply would come automati- 
cally from A through ‘Ff. The hot-well is provided with 
drain pipes in A and C for clean-out purposes. 


5 PIPE FROM 
NO.2 ICE MACHINE 


se 7 
i 


~ 


oc I Yj 
12 PIPE FROM rote Sine Y 
No.1 AND(2/ pte Z a) 
POWER ENGINE Ce - Se - 
LE on 
Gey ane ay Gh 42 mn} © 
Ky -— 40-9! | - SY Yara tase - 45 —- > Yaa 
Y Wy ie We 
Y TEMP.OF WAITER Yy = Yj > 12 | UY 
Y =100° TO 120° YZ io Y O a § 
Yy Y's 8Y fe 
| Yj we Yy 
Yy yy Oo | G 
Y 2 | 
pipe FLOM i Yyg = iS E 
PNG. YY Yyr is 
ROMER EN Yyye Y TEMP.OF WATER 
g yy =160°TO 180° 
iY G 
| UY A Y B 
1 Gy YZ YY 
ZF... UY 
Gy y YY YY 
WM $Ml$5t“h 
; 5 PIPE FROM 
SE NASE pie NO.1 ICE MACHINE 
D 2:0-& M.TOP, F 
OUTLET EE = = 
So ee ; sa 
Z 3 ules 
=6 
OL 
Ze 
ae) 
Yj A YB = 
Wy za 
FS 26 
E 212 
Yi, <x 


Industrial P) 


Figs. 1 and 2. 


The. water enters B at a comparatively high temperature, 
and any oil in the water will rise rapidly to the surface, while 
the oil from but one condenser is all that has to be taken 
care of. At the same time the flow of the water from B to C 
is very slow, giving ample time for the oil to rise to the sur- 
face and pass off through the overflow F. 

Over 3,000 horse power of boilers, at one of Swift & Com- 
pany’s plant, are fed from this hot-well, and no sign of oil 
has been found in any of the boilers or their connections. 
The water from C has also been chemically analyzed a number 
of times, and but the slightest trace of oil has ever been 
found. The trace found was undoubtedly due to the oil com- 
ing in through a pump exhaust, and has in no way affected 
the practical working of the hot-well. 

* * * 

Elaborate tests have been made in England to determine 
the status of electric motors in coal mines, and the feasibility 
of employing them in dangerous mines in place of steam and 
compressed air motors. The tests show conclusively that the 
open type of direct-current, 500 volts, motor will cause explo- 
sions whenever immersed in a mixture of air and gas in the 
proportion of 9 of the former to 1 of the latter. 
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CUTTING TOOLS FOR PLANER AND LATHE.* 
WwW. J. KAUP. 

Planer tools will first come under our notice as being the 
simplest and requiring the least skill in setting. You have 
doubtless observed that if the chip be unwound from the 
spiral shape it assumes in leaving the tool, and projected in 
a straight line it is shorter than the surface from which 
it came. This is due mainly to the compression of the metal 
in the direction of the cut, and you will thus see the possi- 
bilities of saving power and strain upon the machine by 
giving proper cutting angles to the tools and reducing this 
compression to a minimum. 

In Fig. 1 the cutting tool is at right angles to the work 
and without rake. It exerts its force in a direction nearly 
parallel to the surface of the work and having no side rake, 
either, it simply does not cut, but shoves or crowds the metal 
forward, producing a chip made up of little splints. It cannot 
exert any force tending to lift or curl the chip. 

This tool is wholly wrong; nor would it materially improve 
it to grind like the tool shown in the little sketch at the 
right, which goes to the other extreme, and would spring into 
the work. A tool must first of all be heavy enough at the 
back or heel to resist the horizontal cutting force, and conse- 
quently should have very little clearance. The 7 degrees 
clearance shown in the lathe tool in the upper view, Fig. 2, 
is too much for a planer tool, while the 3 degrees of the 
lower sketch is as small as can be used safely. Theoretically 
if the point leads by only a thousandth or two it will perform 
its function. There should be very little top rake on account 
of its tendency to make the tool dig into the cut; but this 
can be compensated for by giving considerable side rake. 

Another reason why a planer tool tends to dig into the 
work is illustrated in Fig. 3. Point A in each sketch is the 
fulcrum. In the first sketch the tendency is for the tool to 
dig into the work in the direction of the arrow. This is not 
So serious as appears on the face of it, as planer tools are 
usually so stiff that they will spring but little and any error 
that might occur in the roughing cut would be eliminated in 
the finishing cut. What many mechanics take as an indica- 
tion of the spring of the tool is really due to the chatter of 
the planer; since a rack and pinion planer will frequently 
chatter after it has become worn, while in a worm-driven 
planer the lost motion is all taken up at one end before be- 
ginning the cut and the screw action does away with the 
chatter. To obviate any spring the tool may be designed as 
in the second sketch, Fig. 3, where the deflection due to the 
force of cut is away from the work in the direction of the 
arrow. 

The tool in Fig. 4 approaches the ideal for a finishing tool, 
and gives the best finished surface of any that I have used on 
planer or shaper. It is made from a piece of ordinary tool 
steel and forged on the end in the shape indicated. It will be 
noticed that it has side rake and instead of being straight 
on the bottom, the line that comes in contact with the work 
is a little rounding. 

We will now take up the subject of the cutting edges of some 
of the many varieties of lathe tools, Fig. 5. Here are shown 
a diamond point, a round-nose tool, a side tool, centering tool, 
thread-cutting tool, and cutting-off tool. We will first con- 
sider the diamond point as it is more of a universal tool than 
any of the others. Before speaking of rake, clearance or the 
setting of the tool I want to call attention to the general form 
of the cutting edges and the importance of maintaining the 
same throughout the life of the tool. 

Fig. 7 will best illustrate my meaning. The tool is shown at 
the left with depth of cut, and ground so that angle a shall not 
be less than 55 degrees. To the right is a tool in which the 
angle has been changed by grinding on both sides of the 
point, only, because the machinist claims that he is in a hurry 
and must make time on his work. But it will be seen that 
the line of cut b is much greater than the line of resistance a, 
showing loss in efficiency in the tool and requiring more 
power to drive it after it had been ground. Nor is this the 
only reason why careless grinding will produce a loss, as J 
will proceed to prove. 

During the last school year the author gave a series of lectures at Pratt’s 


Institute, Brooklyn, before his evening classes in machine work. The ac- 
companying article is an abstract of the lecture on cutting tools.—EDITOR. 
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This is true with proper rake, angles and clearances, but 
when the mechanic ignores all principles and is careless, be- 
sides, how much more serious it becomes, because more 
finishing cuts will be required to make the piece straight. 
The nearer the cutting edge of the tool comes to being parallel 
with the axis of the work the more power will be required to 
operate the tool. 

It will be interesting to note what really takes place in turn- 
ing, as shown in diagrammatic form in Fig. 8. Here is repre- 
sented a piece of rough stock that is to be turned as indicated 
at the right. First, starting at the corner line A, and develop- 
ing the line of circumference in a straight path, we will get 
a line like (1). After turning and repeating the process, the 
developed line will look like the line at (2). It will be noted 
that the second line is somewhat irregular, showing that even 
after roughing off, the surface of the piece has nearly all the 
irregularities of the rough stock, though on a smaller scale. 

This brings us to another important point, and that is the 
necessity of centering work as accurately as possible, for 
no matter how even the work may be on its circumference, if 
centered out of true, it will not be round after turning. Why? 
Because the thickness of the chip or shaving is not uniform, 
hence does not offer uniform resistance to the cutting edge 
and the work will bend more at one point than the other, If 
the cut were uniform and offered the same resistance, of course 
we could expect round work. 

The bottom figure on the sketch illustrates the tool and 
method of obtaining the lines. A long, light lever has a knife 
edge or point at one end, near the fulcrum, which bears 
against the periphery of the work. On the other end is a 
lead pencil attachment, the point bearing against the piece 
of paper indicated, the paper traveling at the same rate of 
speed as the work, only in the direction of the axis of the 
work. Any unevenness in the surface of the work raises or 
lowers the point of the pencil and as the ratio is great (20 to 
1), the variation in the line is marked. 

Referring to Fig. 2, we will take up the rake and clearance 
of lathe diamond point tools. The angle or clearance, some- 
times called the angle of relief, as indicated here, is about 7 
degrees, and sometimes runs to 10 degrees, more or less— 
enough for a safe working angle. Really the only reason for 
so much clearance is to avoid rubbing against the cut surface, 
thereby causing unnecessary frictional resistance to the 
motion of the lathe. Our efforts should be directed toward 
finding the angle that will give the least force required for 
cutting, combined with endurance of tool edge. 

While the power required to cut is increased greatly by 
dullness of the cutting edge, we must avoid the wood chisel 
edge because time lost in constantly removing the tool for 
grinding purposes eats up the profit. In Fig. 9 are illustrated 
two extreme cases—that on the left, too great top rake and 
the other without any. The one will do good work for a few 
minutes, provided the cut is not too heavy, but the wear of 
the edge is so great that the angle would soon become blunt 
and it would be very much better to have no top rake at all. 
On the other hand, the cutting wedge, as I will call the tool 
ends on the right, is too blunt to do good, clean work, and 
from the position in which it is set, the chip will come off 
nearly straight and in small pieces. The happy medium be- 
tween the two is indicated in Fig. 10. 

Side rake means the angle at which the top is ground 
either to the right or left side. A tool ground for a traversing 
motion toward the left-hand, cannot be used with a motion 
toward the right. Therefore side rake is designated right- 
hand or left-hand, the former being that which has its cutting 
edge on the right side and the latter on the left side. As the 
side rake is increased, the power to drive it on in its traversing 
direction becomes less as it tends to screw its way along. 

Fig. 11 illustrates an important point in setting the tool. 
The further the cutting edge is from the base, or support, 
the greater will be the spring. Where this spring is possible 
the point is drawn down into the work as indicated by the 
dotted line, and furthermore will produce irregularly-shaped 
work due to the variation in the resistance of cut at points 
where the tool digs in. This indicates the value of short 
leverage. 

In Continental shops, and especially in England, it has be- 
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come a recognized principle that the top of cutting edge of 
tool should not be higher than the top of the support and to 
obtain its top rake the tool is hollowed out by grinding. Sir 
Joseph Whitworth designed his lathes so that the tool set on 
the center of the work and any vertical pressure deflected 
the tool away from the work, as shown in Fig. 12. 

Next in importance to the leverage of the tool is the angle 
at which it is set in relation to the work. Referring now to 
Fig. 6, the tool is shown at right angles to the work and the 
cutting pressure tends to force the tool around to the right, 
away from the work, in the direction of the arrow, instead of 
causing it to dig into the work. If the tool were set as 
shown in the dotted position it wiil readily be seen that any 
slipping or deflection would carry it into the cut. 

The third point to be observed in regard to setting the 
tool is its height relative to the lathe centers. Fig. 13 illus- 
trates this. Tool No. 1 is set below the center and the dotted 
line, drawn tangent to the point of the tool on the periphery 
of the circle, indicates the direction in which the cutting 
force is applied. The top or cutting surface of the tool forms 
an angle of 90 degrees with this line. The stock is thus 
merely crowded off by the tool and there is no cutting or 
wedge action whatever. The next tool is set on the center 
and has more of a wedge action, but still not what it should 
have. The top tool, No. 3, gives us the best cutting wedge and 
will do maximum work with minimum resistance. 


Cutting force in pounds 
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From the foregoing it is clear that the lathe tool. will do the 
best work with combination of top and side rake, when caught 
very short, at right angles to the work, and when set above 
the center. This will lead to economy. 

Now a point about grinding: The diamond point tool 
should be ground only on the top, and the angles on the sides 
should never be touched, and there will be no danger then 
that you will destroy the economic value of the tool. Many 
mechanics burn the cutting edges of the tool in grinding, by 
simple carelessness, which makes the edge softer than the 
metal it is supposed to cut. My references thus far have 
been confined entirely to the solid tools, most commonly 
used. But there are many improved tool holders in use, dé- 
signed for self-hardening steel which is not affected by burn- 
ing in the hands of incompetent mechanics, either in grinding 
or through lack of knowledge of the proper cutting speeds. 
These holders support the steel in such a position as to give 
the proper front and side clearance and the rake is deter- 
mined by the grinding. 

Following is a table of finishing speeds and feeds for dit- 
ferent metals for tools of ordinary tool steel, In roughing the 
axiom is slow speed and quick feed; finishing high speed and 
fine feed. From this table I should deduct 25 per cent. for 
roughing speed, making 18, 24, 28 and 83. Experiments on cut- 
ting tools made in the shops of R. H. Smith, London, England, 
and verified by the author, show that machine steel requires 
from two to two and one-half times the power for cutting, 
as does cast-iron, and wrought-iron about one and one-half 
times the power. The results are given in detail in the chart 
herewith and show that an increased force is required for 
increased cutting speed. 
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The round nose tool, Fig. 5, is used for brass, when made 
rather pointed and for facing cast iron when it has a blunt 
point. The tendency with brass, which is very soft, would be 
to pull a hooked tool into the work. The side tool should 
always be set with the point leading slightly, but remember- 
ing that it is not the point but the side of the tonl that is to 
do the cutting. This tool should be set on the center, as indi- 
cated in Fig. 14. Fig. 15 shows the necessity for facing up 
work with the side tool before turning; otherwise the center 
will give more support to one side of the work than the other 
and the pressure of the tool used later for turning will be 
likely to produce a crushing of the metal at the center, on the 
side of the least support. 

The centering tool should be ground like a twist drill and 
placed with its cutting point directly at the center of the 
work and used to obtain an accurate center for starting a 
drill. Much carelessness is exhibited in the use of the thread 
cutting tool, not so much in grinding as in setting. It should 
be set so that the cutting edges are directly on the line of 
lathe centers and, of course, at right angles to it. The eco- 
nomical way to use this tool is to rough out the thread with 
a heavy cut and then regrind the top face until again sharp 
and then finish with a light cut. No matter how carefully a 
thread tool is used, the sharp point will wear rapidly. 

Referring to Fig. 16, we come to the cutting-off tool, the last 
of the lathe tools shown in Fig. 5. The upper view shows the 
action of the tool and the two lower views indicate how good 
and poor results may be obtained through grinding. This 
tool has side clearance, right and left, and should be ground 
slightly concave on its top face. Its point should. be on a 
level with the center of the work. 

In Fig. 17 are indicated several of the commoner types of 
boring tools. The vertical pressure on boring tools is very 
nearly constant (Fig. 18), and when the tool starts to cut, the 
depression or spring downward remains very nearly constant 
throughout its entire cut, and so does not vitally affect accu- 
racy. The tool wears as it advances, however, and this tends 
to produce a conical hole, Lathes are adjusted, also, so that 
in no case will they bore a hole larger at the back than at 
the front, and in making this adjustment the tendency is to 
have the lathe so it will bore very slightly smaller at the back 
—another reason why bored holes are frequently a little 
tapering. 

* * * 

If the development of high-speed tool steel makes as 
much difference in the power required to drive machine tools 
during the next few years as it has since the advent of the 
Taylor-White process, we may soon look for the power plant 
of a moderate-sized machine shop to rival in extent that of a 
fair-sized central power station. When locomotive frame 
planers come to have electric motors of 80 H. P. and other 
tools in proportion, it is not too much to say that the 
future machine shop will require hundreds of horse power 
where tens sufficed a few years ago. As an illustration of 
the enormous motor equipment being applied to some minor 
tools we may mention that of an axle lathe recently built 
by Bement, Miles & Co. for the Howard Axle Works, Home- 
stead, Pa. This machine is of the central-driven double- 
head type having four cutting tools. The driving gear in 
the center through which the axle passes, has an opening 12 
inches in diameter, and the distance between the extreme 
centers, is 8 feet 4 inches, It is very solidly constructed 
and is, of course, a heavy tool for its class, but who would 
have anticipated the application of a 60 H. P. motor to drive 
it? Such is the case, however, a 60-H. P. motor being belted 
to a countershaft having 42-inch pulleys with 10-inch face 
and running at 360 revolutions per minute! 
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LETTERS UPON PRACTICAL SUBJECTS. 


A TRICK IN BORING TIRES. 
Editor MACHINERY: 

Some time ago I was in a railway shop where rapid work 
is being done on a boring mill—boring locomotive tires. A 
well-known brand of high-speed steel was used for the boring 
cutter, and the cuts were run through with a heavy feed and 
at three or four times the speed that would be possible with 
ordinary tool steel. Each tire was bored at two cuts, but 
near the end of the finishing cut it was necessary to change 
the cutter having a rounded lip for one having a square lip 
so as to square up a shoulder B shown in the accompanying 
cut, This shoulder or lip bears against the wheel center and 
acts as a sort of retaining ring to prevent the tire slipping 
inward when the locomotive is rounding a curve, etc. When 
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Boring Locomotive Tires. 


using the square edged cutter it is necessary to run at a 
somewhat lower speed and this materially increases the time 
required for finishing each tire, although the total time re- 
quired is only a little more than an hour for a 68-inch tire. 
It seems to me that the change of cutter necessary when 
feeding downward could be avoided in this case by the simple 
expedient of feeding upward. The cutter being ground with 
a square corner on the lower side and rounded on the upper 
side at A, would be well suited for finishing the job without 
change. Starting the cut at the shoulder, the cutter would 
be fed into the cut by the cross feed until the required depth 
was attained. Then the longitudinal feed shotld be thrown 
in and the tire bored at the maximum rate without any “nurs- 
ing’ whatever. F. EMERSON. 
Newark, N. J. 


A HANDY TOOLMAKERS’ VISE. 
Hditor MACHINERY: 

We all know how difficult it is at times to handle small 
pieces of work accurately, it often being necessary to solder 
them onto a plate in order to do any kind of work upon them. 
Any one having much of this kind of work to perform wili 
therefore appreciate such a vise as is shown in the accomp- 
anying sketch and which I have made for holding small pieces 
to be operated upon. It is not like the regular vises which 
may be purchased, in that it may fairly be classed as an 
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Toolmakers’ Vise. 


accurate tool. It is not only made for use on the drill press 
but may be used on any side or end as the work makes most 
convenient, since it is made perfectly square and parallel on 
all sides. The sketch is just half size and requires but little 
explanation. 

C is the body, made of machinery steel and case-hardened. 
The slots DD, along the sides, are used for clamping the 
vise down or for swinging it upon a faceplate. The movable 
jaw E is likewise made of machinery steel and case-hardened. 


The screw F is 5-16 inch in diameter, cut with 20 threads per 
inch, and has a No. 8-40 screw in the end, the head of which 
works in a T-slot in the movable jaw, thus forcing it forward 
or drawing it back. Both screws are spring tempered and lap 
ped to a perfect fit. The end of the larger screw is squared 
off and to it is nicely fitted the wrench G. All parts are lapped 
accurately so that drilling holes, or milling and planing faces, 
at right angles with each other can be accurately accomplished 
by its use. I have found it one of my handiest accurate tools 
but it must be very carefully and accurately made, otherwise 
it will be no better than any of the vises that may be pur- 
chased. JG. NES. 


REGARDING BOILER SETTINGS. 


Editor MACHINERY: 

Regarding the sketch of a boiler setting, shown by Mr. 
Perrigo in the May number of MacuINery, there is one point 
that is of considerable importance in the economical working 
of the boiler which has not been mentioned. This is the 
building up back of the bridge wall so as to form a prolonged 
combustion chamber in which the gases may be more thor- 
oughly burned than would be the case if the bridge wall was 
not backed up; for it is a well-known fact that combustion is 
not completed in the furnace but continues after the gases 
pass over the bridge wall on their way to the stack. This 
fact was forcibly called to mind by two cases which recently 
came to the writer’s attention in connection with power plants. 

A new plant had been supplied with a battery of boilers, 
two to be used constantly while the third Was to be held in 
reserve. After running for some time with two boilers it 
was found necessary, on account of extra work, to place the 
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A Backing for the Boiler Setting. 


third in commission, but even with the most careful handling 
and well-managed firing it was impossible to make the third 
boiler steam as efficiently as the other two. After running 
for a while, however, its steaming capacity came up to that 
of the others. The reason of this action was the filling up, 
to some extent, of the space back of the bridge wall with 
ashes and thus forming a better combustion chamber. While 
the steaming was improved by the ash filling, it was not what 
it would have been with a properly designed combustion 
chamber. . 

Another case in point, which illustrated more clearly the 
economic value of building back, was that of a set of boilers 
which were supplied with the ordinary bridges. After a time 
the consulting engineer became dissatisfied with the running 
of these boilers, and backings were built behind the bridge 
walls. These boilers were run night and day and by putting 
in the backings a saving of five hundred pounds of coal was 
effected in twenty-four hours. 

This matter appears to be of so great importance that it 
should not be neglected in the design of a boiler setting. 
The accompanying sketch shows the boiler setting referred 
to in Mr. Perrigo’s article, to which has been added a brick 
and sand backing which would, I am sure, add considerably 
to the efficiency of the boiler. Jaca Be 
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PUNCHES AND DIES FOR DRAWING AN ODD 
SHAPED BRASS CUP. 


Editor MACHINERY: 

The set of punches and dies here described, while not ex- 
ceptionally out of the ordinary, may have one or two points 
that will be of interest to any one engaged in this class of 
work, and my experience in producing the punch by which 
the final operation was performed may prove of assistance to 
some one having a similar punch to make. The sketches, 
Figs. 1 to 4, show the progressive operations from start to 


Fig. 1 
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The Successive Operations for Drawing Brass Cup. 


finish by which the piece shown in Fig. 4 was produced. This 
is a corrugated, conical cup, drawn from a round blank of 
soft brass 3-32 inch thick and 25-16 inches in diameter. The 
corrugations project externally, and internally form six equally 
spaced, square grooves which converge radially and disap- 
pear within about 3-16 inch of the bottom. The specifications 
in this case required that there should be developed on the 
outside a distinct shoulder at the base of the conical part 
and that this shoulder be formed on the corrugations only. 
On the inside no shoulder should be visible but the formed 
grooves be made to disappear uninterruptedly near the _ bot- 
tom. It will be seen that the pressure in the last drawing 
had to be much greater than ordinary in order to accomplish 
these results, for the stock at the point where the straight 
and conical portions met was pressed out quite thin in order 
to develop the shoulder. 

The dies and the shanks of all of the punches used were 
made of a uniform size so that two holders, one for the 
punches and one for the dies, were all that were required. 
The punches were secured by a setscrew and the dies were 
seated in the holder and held fast by four setscrews, equally 
spaced around the side, with their points set into the circum- 
ference of the dies. To make the change from one operation 
to the other it was only necessary to loosen the screws, re- 
move the tools in use, and substitute the ones next in the set. 
Each drawing operation was followed by a careful annealing 
in order to insure the equal flow of the metal and to minimize 
any possibility of cracking. 

The main problem was to make the finishing punch as 
cheaply as possible and have it stand up under the severe 
work required of it. It was first made in sections by turn- 
ing it to shape and then dovetailing to receive the elevated 
pieces which were made separately and forced into the dove- 
tails up against a shoulder. Then the end was drilled and 
tapped and the straight tip screwed on. The parts having 
been carefully fitted were marked, removed and hardened, 
and then replaced as before. The punch made in this way 
had been used for a short time when the elevated pieces began 
to chip and crack, where the strain was the greatest, and 
often one hundred or more cups would be run through before 
the defect was noticed. For this reason the hardened sec- 
tions were replaced by soft ones, but after a short run they 
would flatten down and make continual repairing necessary. 
‘To overcome the trouble the punch was finally made as shown 
in Fig. 5, from a solid piece of tool steel. This was milled, 
chipped, and filed to a finish and after hardening was drawn 
to a light straw color. After this no more trouble was ex- 
perienced. 

The first and second drawing dies were made from tool 
steel disks, 5 inches in diameter and 2 inches thick, with 
holes to draw the cups as shown in Figs. 1 and 2. These 
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dies were of the plain push-through type with a sharp edge 
on the under side to strip the work from the punch which 
was made slightly tapering and of a diameter equal to the in- 
side of the cup. In this case the punch was made two thick- 
nesses of the stock plus .008 inch, less than the hole in the 
die. Previous to the last operation it is general to make the 
punches more than twice the thickness of the stock smaller 
than the die and to taper them 1% inch per foot to assist in 
stripping the work, for in most cases the exact sizing of 
drawn work is of little importance up to the last operation. 
Consequently tapering the punch and making it below size 
will in no way interfere with the finishing of the work which 
is all done in the last operation by a punch and die that must 
be made of suitable dimensions to meet the requirements. 
The rule usually adopted is to make the punch small and 
tapering for short cups of thick metal and nearer to size for 
thin stock, for the latter is more apt to develop body wrinkles 
if not properly pressed out in the die. The die for the third 
operation is made the size of the finishing die but with plain 
walls. 

The die for producing the finished work is shown in Fig. 6. 
The part A was first turned and bored in the lathe and then 
fastened on a special arbor fitted to the spindle of the dividing 
head of a milling machine. Six 14-inch holes were drilled and 
reamed, as at BB, the piece being indexed so that they would 
be accurately spaced. A special angle iron was made for 
holding this piece at the angle of the sides of the die, and 
two holes were carefully drilled in its face to correspond 
with a diametrically opposite pair of the drilled holes in the 
back of the die. In these holes were driven 14-inch guide 
pins which projected 3-16 inch above the face of the angle 
iron. The angle iron was then bolted to the knee of a shaper 
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Figs. 5 and 6. Punch and Die for the last Operation. 


and the die located on its face, by the pins, and strapped firm 
and true. The six drilled holes provided a means for accu- 
rately locating the die for planing the grooves, which was 
done with a formed tool screwed on the end of an extension 
shaper tool of the kind usually used for internal work. After 
shaping, the grooves were filed and polished dead smooth 
and the die was hardened. The piece C was turned and 
ground to a light driving fit in the back of the die and both 
pieces surfaced on the under side. D is a steel pad and # 
a stud for stripping the finished work. They are operated 
by the press ram on its upward stroke. The vent F is for 
the escape of air. Following the drawing of the cup the bot- 
tom was punched out in a plain cutting die. C. H. Rowe. 
Salem, Mass. 
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the periphery, all dimensions being made to gage so that the 
pieces would be interchangeable. In order to turn out the 
work at a profit it was necessary to design and build a few 
fixtures for the rapid handling of the pieces. Two chucks 
were made for this purpose. The first, which held the ring 
while the eccentric hole was bored and one side faced, was of 
no especial interest so it is not described. After this opera- 
tion the keyway at B was machined with the aid of a simple 
slotting fixture. 

The chuck that was employed for the last operation, that of 
turning the periphery and facing the remaining side, possessed 
several features of general interest that might be adapted to 
other work of a similar nature. This chuck is shown in the 
cut, holding one of the rings in position to be operated upon. 
The body of the chuck, C, was threaded to screw onto the 
spindle of the lathe and carried on its face three expanding 
and contracting segments for holding and truing the ring, 
one of them being provided with a key which fitted the keyway 
B for locating and driving the ring. These segments were 
held to the faceplate by three shoulder screws D, D, D, which 
passed through radial slots, thereby allowing the segments an 
in-and-out movement across the face of the chuck. This ex- 
panding movement was imparted to the segments by means 
of the knurled head expanding screw H# which was tapered to 
fit the tapered hole in the inside of the segments. The out- 
side of the segments was tapered slightly so that the tendency, 
when they were tightened or expanded, would be to force the 
work against the faceplate. The clamping surfaces were 
eased off so that only about one inch of each would bind 
against the work. 
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Chuck for Turning Eccentric Rings. 


The manner in which the chuck was used and the work 
machined was as follows: The stud # being screwed outward 
by grasping its knurled head, the segments were contracted. 
Then the ring was located against the faceplate with the 
key in the segment fitting the keyway B. The expanding stud 
was screwed in and the segments in expanding forced the 
work against the faceplate and held it securely. It was then 
a simple matter to turn the periphery to the required 
diameter and face the side, after which the segments were 
contracted, by unscrewing the expander, the finished piece 
was removed and another one located ready for machining. 
As will be understood, the machining of the rings with the 
usual means handy around a jobbing shop would have been 
difficult and would have consumed much time; while by this 
method there was no time lost and the complete interchange- 
ability of the rings when finished was guaranteed. It was 
surprising how easily and rapidly the rings were located and 
removed and how tightly they were held. As the brass cast- 
ings from which the rings were finished were not of the 
best quality, and were sandy and scaly, a cut of considerable 
depth had to be taken, thus putting considerable strain on 
the segments. LATHESMAN. 


SOME CONVENIENT LAPS FOR SHOP USE. 


Editor MACHINERY: 

The accompanying sketches illustrate some laps that were 
used in the grinding department of a shop with which the 
writer was recently connected. The lap shown in Fig. 1 was 
a plate of cast iron which was first scraped to a smooth sur- 
face, after which parallel grooves, 1-16 inch wide by 1-32 inch 
deep were cut upon the surface, forming small divisions *% 
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inch square. This plate was charged with fine emery and tur- 
pentine and when used on keyseat gages, or other flat pieces, 
was capable of producing a very fine surface. 

Fig. 2 shows a lap formed of a smooth turned piece of hard 
wood onto each end of which was fitted a ferrule of wrought 
iron to prevent splitting. A narrow slot was sawed through 
the center and into this was driven a wooden wedge to com- 


Fig. 3. ee tie 


Flat and Internal Laps. 


pensate for wear. One of these laps would last for a long 
time and they were used on milling cutters when the amount 
of stock to be removed from the holes was not sufficient to 
warrant the use of the grinder. The lap shown in Fig. 3 was 
a cast iron cylinder that was bored to fit the arbor with which 
it was to be used. Three strips of lead were dovetailed across 
the surface and these carried the charge of emery and tur- 
pentine or oil. Three small tapered holes were drilled and 
reamed longitudinally and tapped at the small end to receive 
the taper expanding screws. After these were fitted, diagonal 
slots, which intersected the holes, were cut, so that by a 
slight turn of the taper screws the lap could be expanded to 
adjust it for wear. This lap was used on the inside of ring 
gages. 

For lapping the outside of plug gages we used the lap shown 
in Fig. 4, which consisted of a casting bored out to the re- 
quired size and fitted with three wide strips of lead. A slot 
was cut through the lug on the upper side, and this was fitted 
with a pair of setscrews to form the means of adjustment. A 
handle was provided to prevent the lap from turning while 
the plug gage upon which it was being used was revolved in 
the machine. 

Under the subject of lapping might be mentioned a little 
job that appeared to the writer to be rather novel. A shop 
mate had a pair of micrometers, the faces of which had be- 


Fig. 4. Lap for Plug Gages. 


come considerably worn. He procured a small piece of plate 
glass and placed a few drops of oil and flour of emery upon 
one side, while the other remained perfectly clean. The mi- 
crometers were then closed lightly upon the glass, which 
was slid back and forth between the jaws for quite a little 
time. Then, after thoroughly cleaning the first jaw, the glass 
was reversed and the process repeated upon the other jaw. 
In a short time the micrometers, so far as the jaws were con- 
cerned, were as good as ever. Roy W.: Harris. 
Salem, Ohio. 


FIXTURES FOR MULTIPLE MILLING. 


Editor MACHINERY: 

Sometimes a simple operation like splitting a piece of 
work in two will be found to present difficulties equal to 
those encountered in much more complicated operations. One 
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such a case was met with in machining the pieces shown in 
Fig. 1, which were to be split in two along the line. Xe 3. 
Owing to the peculiar shape of these pieces it was impossible 
to clamp them in any position so as to mill more than a 
single one at a time and as a large quantity were to be made 
it was desirable to arrange so as to cut a number at a single 
operation. For this purpose the jig shown in Fig. 2 was 
constructed and with this ten pieces could be cut at a single 
setting. 

This fixture consisted of a casting A which was provided 
with a tongue for aligning it upon a milling machine table, 
and a slot at either end for receiving a clamping bolt. A 
series of holes, of the same size as that in the work, was 
drilled in the upper part of the fixture, and to insure their 
being parallel with the tongue, the drilling was done 
in place upon the milling machine, the vertical attach- 
ment being used. These holes were fitted with the studs BB, 
which were of sufficient length to extend through the work 0, 
as shown in the section. On the bottom of each stud was placed 
a split washer and nut, the latter being small enough to 
pass through the hole in the jig and work. These studs were 
prevented from turning, when the nut was tightened, by 
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other hand, an intricate angular object will require several 
views. 

Recently some few commercial drawings have been seen 
which made use of the pseudo-perspective projection, which 
gave a clearer conception of the form of the object than an 
orthographic projection would have done, and with no greater 
expenditure of time than there would have been in making the 
several necessary views in orthographic. Patent Office draw- 
ings, especially when the invention is illustrated in the Patent 
Office Gazette, require occasionally a descriptive view of the 
object which cannot be shown in orthographic projection. Per- 
spective or pseudo-perspective must then be resorted to and 
the latter will save much time if mechanical means are used. 
The article referred to has, in isometric projection, treated 
only one species of pseudo-perspective. Omitting a descrip- 
tive of geometry definition, it may be said that all projections, 
when referred to and governed by the position of axes would 
come under the term axometric projection. Thus isometric pro- 
jection is defined if the axes are taken at 120 deg. with each 
other regardless of what angle any one of the axes makes 
with the vertical or horizontal. Cabinet projection is speci- 
fically defined by the angles that the axes make with each 


Fig. 1. One of the Pieces. 


means of a setscrew D, the point of which fitted a slot in 
the side of the stud. A similar slot was also cut in the side 
of the nut so that it could pass the setscrew. A slot H, the 
width of the splitting saw, was cut through the top of each 
stud and the setscrew D insured this slot being always in 
proper position for the saw to pass through when splitting 
the boxes. 

Before the pieces were placed in the jig they were bored 
and faced on the top, bottom and on the straight sides, so 
that the splitting formed the last operation. Ten of the 
pieces were placed on the fixture, the bolts B put through 
and the washers put in place. Before tightening the nuts 
a straightedge was placed along the front side of the pieces 
so as to set them all squarely, after which the nuts were 
tightened and the saw passed through the group in the usual 
manner. CHARLES P. THIEL. 

Lawrence, Mass. 

THE PRINCIPLES OF PSEUDO-PERSPECTIVE 

IN PRACTICE. 
Editor MACHINERY: 

The article in the July number of Macutnery entitled “The 
Theory and Application of the Principles of Isometric Draw- 
ing,’ by A. B. Babbitt is undoubtedly in keeping with the 
tendency of the times in modern drafting room practice. The 
importance that was formerly placed on true perspective is, or 
should be, fast disappearing in practice, as the camera, with 
proper manipulation, will do a far better job than any arti- 
ficial mechanical method. In the commercial working, draw- 
ing with the usual orthographic representation of the object, a 
large number of meaningless conventions used for picture ef- 
fects and mis-called “systems” are being replaced by heavier 
and plainer lines which are described by unmistakable dimen- 
sions and good every-day Anglo-Saxon; all of which things 
are in harmony with this most practical age. The spirit of 
commercial drafting is to make a working drawing of an 
object clear and well represented, with a minimum number of 
lines and views; hence, in the average practice a symmetrical 
object is often satisfactorily shown in one view while, on the 
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Fiz. 2. Fixture for Splitting ten Pieces at once. 


other, which are 90 deg. and 45 deg., and their position should 
be horizontal and vertical and with the 45 deg. line half the 
true length of the corresponding line in the object. Axes can 
be selected which make any angle with each other and take 
any position with reference to a horizontal or vertical, with 
results which are sometimes as satisfactory as the conventional 
isometric. However, the axes should be selected with refer- 
ence to convenience in drawing the lines, which fact would 
indicate that horizontal, vertical, 15 deg., 30 deg., 45 deg., 60 
deg., and 75 deg. lines are to be selected in some combination 
of three, on account of the gain in convenience in the use of 
the triangles and T-squares. The proper combination to suit 
each case belongs more properly to the science of descriptive 
geometry or to the art of the skilled draftsman. 

There is occasionally found among draftsmen an artist who 
needs no axes and consequently no knowledge of axometric 
projection but, with a free hand, can lay in his lines to better 
effect than his brother draftsman who uses mechanical means. 
He, however, loses the great advantage which is sometimes 
gained by drawing to a working scale in axometric. After 
the axes have been selected, the fundamental rule that all par- 
allel lines in the object are parallel in the drawing must be ob- 
served, unless a better picture effect is sought, which will oc- 
cur quite infrequently. C. E. CoOoLincE. 

{thaca, N. Y. 

* * * 

In the case of most cast-iron machine parts that have to go 
through the operations of planing, boring, drilling, etc., the 
usual procedure is to first plane the piece and then do the 
other operations, as then there are truly plane surfaces to 
work to. This, however, only holds when the holes to be 
bored are relatively small as compared with the size of the 
piece. When there is only one bore of large relative size 
like that of a steam cylinder, the cylinder is first bored and 
then planed. This is especially true of the practice followed 
in making locomotive cylinders. The boring bar must be set 
with special reference to the cored hole so that it will clean 
up, and the planing surfaces, which are certain distances 
from the bore, must take care of themselves. 


August, 1903. 


ITEMS OF MECHANICAL INTEREST. 


MAMMOTH STEEL FREIGHT CAR-—OFFICE TELEPHONE 
SUPPORT-STEEL ELEVATOR GUIDE—PER- 
MANENT IRON MOLDS— ADJUST- 

ABLE SOCKET WRENCH. 

It appears that bolts, nuts and other ordinary screwed 
connections traversed by an alternating electric current, are 
very likely to loosen in time even if so situated as to be un- 
affected by the ordinary mechanical vibrations of running 
machinery. The cause for this phenomenon seems obscure, as 
no satisfactory explanation has ever been made of it so far 
as we know. 


Experiments by J. Parker Whitney in Oregon upon the 
preservation of food products by freezing, indicate that live 
fish may be frozen and thawed back to life again if not ex- 
posed to the sun or allowed to get more than 12 to 14 degrees 
below the freezing point. If exposed to zero temperature 
they will not survive as the faint pulsations of life then cease. 
This has led to a project for the shipment of live salmon to 
the Atlantic coast and we may yet have planked live salmon 
in New York City. 


A valuable feature of the electric motor where it is coupled 
direct to a shaft having end thrust, is that it may be so de- 
signed that the magnetic pull of the field coils upon the arma- 
ture shall be longitudinal to its axis as well as tangent to its 
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made by them in passing over the elevated structure. This 
noise was louder and more objectionable than experienced 
with the elevated trains in New York City. In Berlin, Ger- 
many, there has been similar trouble and the railroad company 
has been compelled, through legal measures, to resort to 
every practicable means for reducing the vibration and dead- 
ening the roar of traffic. Experiments were conducted which 
included, first, inserting three layers of felt between the rails 
and the wooden ties on which they were laid. This did not 
satisfy the complainants, although it made some improvement. 
Next, in place of wooden sleepers, hollow iron girders were 
put beneath the rails and filled with loose sand, which, it was 
expected, would take up the vibration and thus deaden the 
shock. This, also, has been found partially effective, but not 
wholly satisfactory. A third plan has been to abandon the 
use of cross-ties and instead lay the rails on long longitudinal 
wooden sleepers, with cushions of lead laid beneath the rails. 
Finally, the car wheels have been in some way lined with 
wood, so as to break the continuity and consequent resonance 
ot a metallic structure. All these experimental remedies are 
still on trial, but no definite conclusion concerning them has 
been announced. 


STEEL FREIGHT CAR OF 800,000 POUNDS CAPACITY. 

A cut appeared in the June issue showing the boring of the 
bolt holes in a huge steel casting weighing about 250,000 
pounds at the works of the Bethlehem Steel Co. This casting 
is one forming part of a 12,000-ton armor plate forging press 


ee 


Fig. 1. 


periphery. The longitudinal pull may be so proportioned as 
to entirely balance the end thrust, provided it is not too great, 
of course, and in this way the loss due to the friction of a 
thrust bearing may be eliminated. This feature of the elec- 
tric motor is of special value in high-speed machinery like 
office fans, and it is in them that the principle is largely em- 
ployed. The end thrust due to the fan action is not great, 
but the fan revolves at high speed, and if there was the fric- 
tion of a thrust bearing to overcome, the mechanical efficiency 
would be considerably reduced. 


Several times within the past few months we have re- 
ferred to certain nickel-steel alloys (about 36 per cent. nickel), 
having a very low coefficient of expansion, say, one-thirteenth 
that of steel. But M. Guillaume, assistant director of the 
International Bureau of Weights and Measures, who has been 
for several years making a special study of these alloys, now 
states that nickel-steel wire has been made having so slight 
a degree of extensibility within the ordinary ranges of tem- 
perature, that this is only discoverable with very accurate 
means of measurement. Between the temperatures of 32 and 
68 degrees Fahrenheit the expansion is said to be only about 
one-fortieth of an inch in one mile length. It is also stated 
that a nickel-steel alloy has been made that actually con- 
tracts with heat like rubber, but this is presumably true only 
within narrow limits. 

When the trains were first started on the Boston Elevated 
railroad there were many complaints because of the noise 
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Steel Freight Car of 300,000 Pounds Capacity. 


being built by this company for the Carnegie Steel Co. In 
the same connection mention was made of a special freight 
car being built for the purpose of transporting these enormous 
castings, one of which weighs 325,000 pounds, to Pittsburg. 
The accompanying cut, Fig. 1, shows a view of the car, 
which has since been completed and dispatched with a load 
of two smaller castings, the aggregate weight of which was 
277,000 pounds. The length of each casting is 21 feet 4 
inches; width, 2 feet 8 inches; height, 11 feet 6 inches. The 
large casting shown in the June issue is 24 feet 4 inches long; 
5 feet 2 inches wide, and 13 feet 214 inches high. The large 
dimensions, especially the height, made it imperative to pro- 
vide a special car, fully as much as the great weight. To 
clear bridges and tunnels it is necessary that the castings 
be carried vertically, and to accomplish this the body of the 
car consists of two steel trusses, 66 feet 10 inches long and 
6 feet high, between which the load is swung. The trusses 
are supported at each end by two sets of eight-wheeled trucks, 
making 32 wheels in all. The main trusses are pivoted on 
king-bolts which are 64 feet apart center to center, and the 
short trusses or equalizers at the ends, distribute the load 
to the centers of the eight-wheeled trucks, which are also 
pivoted on king-bolts. The trucks themselves are provided 
with springs and equalizers so that the load is uniformly dis- 
tributed among the 32 wheels. 

The total length of the car is 103 feet 1014 inches; height, 
10 feet 24% inches; width, 9 feet 9 inches; weight, 196,420 
pounds; capacity, 300,000 pounds. The car was built by the 
Bethlehem Steel Co., at South Bethlehem, Pa. 
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CONVENIENT OFFICE TELEPHONE SUPFORT. 

There are quite a variety of telephone supports for desk 
use, good, bad and indifferent, but the most novel and in some 
respects the most convenient we have seen is a home-made 
affair in the private office of the Detrick & Harvey Machine 
Co., Baltimore, Md. A double flat desk is used for the two 
partners and it was necessary to arrange the support so that 
the telephone would be equally accessible for both. The illus- 
trations, Figs. 2 and 3, show front and side views of the con- 
struction so clearly that little description is required. The 
frame is constructed entirely of pipe and pipe fittings, the 
side members BB being one-half inch size. The upper ends 
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Figs. 2 and 8. Office Telephone Support. 


of these pieces are fastened to the ceiling directly over the 
center of the flat-top desk: and are stayed by wires. Pivoted 
on the cross-bar at the bottom is a closed frame COC having 
a counterweight @ at the bottom. The telephone support is 
composed of a board # upon which the instrument F is set, 
and the pipe members DD, which are pivoted on the upper 
cross-bar. Two flat link chains A A’ are oppositely attached 
to the upper end of the counterweighted frame to pull the 
telephone down to the level of the user. Fig. 2 shows the 
frame being swung down by the chain A. 


A COMPRESSED STEEL ELEVATOR GUIDE. 

In the erection of elevators much trouble is ofttimes expe- 
rienced in procuring proper guides for the cars, while recent 
building laws calling for the use of steel for this purpose have 
produced a demand for a steel guide that shall fulfill the 
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Fig. 4. Compressed Steel Elevator Guide. 


requirements with satisfaction. The production of such 
guides by the ordinary machining methods is one of consider- 
able difficulty since they require to be perfectly straight and 
of sufficient length to avoid too numerous joints. These con- 
ditions are such as to make the steel compression process 
admirably fitted to their production. The sketch illustrates 
a guide that is now being made, of open hearth steel, by this 
process and which can be produced in lengths up to 19 feet. 
This method of finish gives a uniform size throughout the 
entire run and produces a smooth, hard running surface that 
is easy to clean and greatly reduces the friction of the car. 
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The matter of the joint has received especial attention as it 
is usually at this point that trouble with the ordinary guides 
is likely to ensue. To make a smooth and rigid joint, in the 
lower ends of each length is milled a groove which is fitted 
to receive a corresponding tongue cut on the upper end of 
each length. The lengths are then matched, as shown in the 
cut, so that the tongue insures rigidity and prevents any pos- 
sibility of one end bending over or slipping by the other thus 
breaking the joint. The ends are held together longitudinally 
by means of fishplates bolted on the back side and as the 
rails and plates are all drilled to standards the erection of 
the guides is greatly facilitated. They are made by the 
Standard Gauge Steel Co., Beaver Falls, Pa. 


THE USE OF PERMANENT MOLDS. 

In a paper on permanent molds read by James A. Murphy be- 
fore the American Foundrymen’s Association at Milwaukee, 
Wis., June 9-11, it was stated that loam molding has reached a 
high degree of perfection in this country, and that more and 
more attention is being given to the saving as much as possible 
of each mold in order to reduce the cost of the castings made. 
In other words the permanent mold is the object sought. 
Large kettles, pans, domes, pipes, etc., are classes of a type of 
work that can be made cheapest in permanent loam molds. 
The paper illustrates a mold for a kettle weighing fourteen 
tons that will last for several years’ continual use, turning 
out a kettle every few days. The core is swept up and is 
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Fig. 5. Permanent Mold for Iron Kettle. 


preferably dried in an oven. A pit is dug in the floor in some 
convenient location and the binders A and the bottom plate B 
are set in place; and the spindle step C for the mold Sweep 
by which the interior of mold is swept up. The brickwork is 
laid so as 10 allow a thickness of from % to %-inch of loam. 
If the bricks are not of good quality, it is best to use firebrick 
for the face. Upon the top of the wall is placed a strong cast 
iron ring HE, which is recessed to clear the eight iron frames 
D. These latter are for the reception of cores for handles, 
brackets or other projections, and can be removed without dis- 
turbing the wall. Other details as explained in the paper are 
such as to avoid the disturbance of the brickwork when a 
casting is stripped. As a whole this paper should be of much 
interest to foundrymen. 


SOCKET WRENCH WITH ADJUSTABLE STEM. 

In the average machine shop a set of socket wrenches or- 
dinarily represents a somewhat expensive equipment that is 
rarely used, but the need of which is so urgent when they are 
wanted that they must be kept at hand. For the usual run 
of work the socket wrench cannot be conveniently employed 
so it is relegated almost entirely to the special work for which 
it is designed. But by jointing the stem B, Fig. 6, where it 
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joins the socket A, the usefulness of this class of tools is 
greatly increased, as they may then be used for their designed 
purpose and for work that the ordinary socket wrench cannot 
handle. For example, by loosening the binding screw 0, whica 


is ordinarily set up tightly, the stem is free to move on a 
pivot, and then a nut or screw can be turned when located 
under a ledge, the connection acting as a sort of universal 
The stem, in such cases, assumes an angular position, 
Again by locking the binding 


joint. 
say, B’ 


in the lower view. 
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Fig. 6, Adjustable Stem Socket Wrench. 


screw with the stem B in a right angle position, we have a 
fairly good substitute for the “box” wrench, especially if 
the stem or handle is made somewhat longer proportionally 
than indicated in the cut. But perhaps the most valuable 
feature possible in this combination is that the sockets and 
stems can be made interchangeable, thus making it possible 
for one set of each to cover all probable requirements. 


COMPARATIVE EFFICIENCIES OF STEAM PUMPS AND 
STEAM TRAPS. 


In the catalogue of the American Blower Co., Detroit, Mich., 
which deals with the Morehead steam traps of their manu- 
facture, is given a comparison of the efficiencies of steam 
pumps and steam traps for returning water of condensation to 
the boiler, from which we quote. These traps operate on the 
gravity principle, have steel tanks and will return the condens- 
ation from either above or below the water line of the boiler. 

A pump will not lift water at a temperature exceeding 212 
degrees; a return trap will. A pump consumes an extravagant 
amount of steam to do very little work. For example, an 
ordinary duplex boiler-feed pump requires from 90 to 120 
pounds of steam per horse-power hour. A common slide valve 
engine seldom consumes less than 40 pounds per horse power. 
A return trap consumes less than 10 pounds per horse power. 
The pressure is admitted to the surface of the water, and is 
automatically shut off before the tank is empty. The steam 
used is only such as is condensed by the latent heat passing 
from it into the water in the tank, which is all put back into the 
boiler. 

A return trap requires no attention further than to repack 
the gland, perhaps once a year, and to tighten same about 
every three months. It requires no cylinder lubrication; will 
not race or run away; never sticks; is noiseless; requires 
little room and no foundation; in fact, a pump has no feature 
in which a return trap is not superior. 

Assume the steam pressure carried is 100 pounds, and all 
condensation is cooled to the temperature of the feed water, 
is passed through a feed-water heater, and is then pumped 
into the boiler by a boiler feed-pump at a temperature of 
200 deg. The total heat in water raised from 32 deg. to 200 
deg. is 168.75 B. T. U. The heat in steam at 100 pounds pres- 
sure is 1,185 B. T. U. Thus, to raise one pound of water from 
200 deg. to 100 pounds pressure has required the addition of 
LOLG 2b eae U 

Supposing, again, the condensation is returned to the boiler 
by a return steam trap instead of a pump. With a return 
trap the condensation will not ke cooled below the temperature 
of the steam at which it is condensed, which in this case is 
337.8 deg. The heat in water at this temperature is 309.5 
B. T. U. Therefore, to evaporate the water into steam at 100 
pounds pressure will require 875.5 B. T. U. Thus the saving 
is the difference between 1,016.25 and 875.5, amounting to 
140.75 B. T. U. per pound of water, or nearly 14 per cent. 

This does not take into account any losses by radiation, 
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leakage, etc., but these would apply to either a pump or a 
trap, and owing to the greater amount of steam required to 
operate a pump, as already shown, the net gain would be con- 
siderably more. If the temperature of the feed water was 
only 100 deg. instead of 200 deg., as above assumed, a return 
steam trap would show a net gain of more than 20 per cent. 

Apply the above to a plant of 200 horse power, having an 
efficiency of 65 per cent. and an evaporative capacity of 6,900 
pounds of water per hour from and at 212 deg. Burning 
coal containing 13,000 H. U., one pound should evaporate 
about 8.38 pounds of water from 200 deg. and 9.65 pounds 
when returned to the boiler at 337.8 deg. To evaporate 6,900 
pounds of water per hour from and at 212 deg. Burning 
of coal per hour, the latter representing a saving of 115 
pounds of coal per hour. This saving on a day’s run of ten 
hours for 200 days—this being about the heating period for a 
year—will amount to 115 tons. At $2.50 per ton, it will 
amount to $287.00, more than twice the cost of installing a 
trap large enough to handle a plant of this size. 

* * * 


CONTRIBUTED NOTES AND SHOP KINKS. 


AN ADJUSTABLE ANGLE PLATE. 

The sketch of the adjustable angle plate, contributed by A. 
McA., shows a shop appliance that will be found very handy in 
a large number of cases for use on planer, shaper or drill. 
For shaping any work at given angles, planing taper keyways, 
drilling oil holes in pulleys, or any work of this nature the 
fixture is readily adapted. It consists of a base A to which is 
hinged the face B, drilled with numerous holes for fastening 


Fig.2 
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on the work. A back rib on the base carries a clamping bolt 
which runs through a slot in a corresponding rib on the back 
of the face piece, and by which the two are clamped together 
when they have been set at the required angle. The sketch 
shows the plate set for drilling oil holes in pulleys and also, 
in Fig. 2, how it is arranged on the planer for planing taper 
keyways. 


A DEEP BORING AND THREADING TOOL. 

It often happens that a job comes up requiring a com- 
paratively long and small hole to be bored and perhaps 
threaded, for which purpose it is customary to have the black- 
smith draw out a special tool. To save this trouble such a 
tool as is shown in the sketch, sent us by E. H. R., will be 
found very convenient. The shank is made to fit the tool- 
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post of the lathe while the cutter may be set out to any 
length and firmly clamped by tightening up the setscrew. 
Since the cutter is independent of the shank the height of the 
cutting point can be easily raised or lowered by simply turn- 
ing the cutter bar before it is tightened up. This tool is 
especially handy for use on odd-sized holes and special threads 
for which reamers and taps are not provided. 
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GRADUATIONS ON THE TAILSTOCK SPINDLE. 

R. A. L. sends a “kink” regarding an improvement for the 
lathe tailstock which, he thinks, might well be adopted by 
the lathe builders. In order to drill holes to a required 
depth, in work held in the lathe chuck, some sort of a mark 
must be made on the drill or measurements taken on the 
tailstock. Marking the drill is rather unhandy on account 
of its being hardened, so the scheme of graduating the tail- 
stock spindle will be found much more convenient. 


|, POINTER 
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To prepare the tailstock for this arrangement, the spindle 
is taken out and put on the centers of a lathe which is geared 
for cutting eight threads per inch. A sharp pointed V-tool, 
placed in the toolpost, is used as a scriber and the spindle 
is rotated by hand until a sufficiently clear circle is cut upon 
it. The cone of the lathe is then given one complete turn, 
thereby moving the tool 4% inch, and the next circle is scribed 
in a similar manner to the first. This is continued until 
the spindle has been graduated for its entire length. Begin- 
ning with 1, the even inches are now stamped with their 
respective numbers and the spindle is replaced in the tail- 
stock. The pointer A is clamped to the top of the tailstock 
by the thumbscrew B and a slot C allows the pointer to be 
moved backward and forward when the screw is loosened. 
In drilling a hole, as soon as the full diameter of the drill 
enters the work the pointer is adjusted to the nearest even 
inch mark and clamped. The depth to which the drill is fed 
is then read directly from the graduations on the spindle. 


A SHOP APPLICATION OF ELECTRIC WELDING. 

A. D. K. writes: Some time ago it became necessary to re- 
pair twelve chuck screws such as are shown in the accompany- 
ing sketch. They were % inch in diameter with heads squared 
down to the bottom of the threads. These heads had worn 
round on the corners and in some cases they were twisted 
nearly off while the threaded portion of the screws were as 
good as ever. 
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To repair them I cut the old heads off within \% or 3-16 
inch of the threads; then short pieces of tool steel, large 
enough to form the square of the heads, were welded on in 
the electric welding machine. The heads were then squared 
up and hardened and the screws were as good as new, the 
entire time consumed in making the repair being only about 
one hour. 


A KINK IN DIVISION. 


Clay-Beau sends a “kink” for dividing fractions regarding 
which he writes: By the machinist and apprentice no arith- 
metical operation is more frequently encountered than the 
division of inches and fractions thereof by two, as in laying 
off center lines, spacing, etc. While the division of an even 
number and a fraction by two is easy enough to almost any 
one, it is surprising to note how much “fussing” is done by 
many over the division of an odd number and a fraction. My 
attention was recently called to the following method which, 
although it may not be new to all of the readers of MACHINERY, 
will, I am sure, prove very convenient to those who have never 
used it. 

To divide an odd number and a fraction by two, write the 
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expression in the ordinary manner, draw a line beneath it 
and add together the numerator and denominator of the frac- 
tion, placing the. sum in position for the numerator of the 
fraction of the quotient. For the denominator of this fraction 
multiply the denominator of the fraction which is being 
divided, by two. Deduct one from the whole number of the 
expression that is being divided and divide the remainder 


by two. The following examples will show clearly how the 
method is operated. 

31h ld THE 18 
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A TAILSTOCK TRUCK. 

“Student” sends us a sketch of an attachment which he 
uses on heavy tailstocks to facilitate sliding them along the 
bed of the lathe. On either side of the tailstock is fastened 
the frame A A, by means of the tap bolts B B, and two 
rollers are mounted on journals near the ends of each frame. 
The frames are cut in two in the center and the plunger 
C fits into a socket, part of which is formed in each half of 
the frame. A bracket D is fastened to the side of the tail- 
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stock, above each frame, and the pressure of the spring is so 
adjusted by means of the setscrew F that the weight of the 
tailstock is supported on the rollers. It is clamped to the 
bed in the usual manner, but as soon as the clamps are re- 
leased, preparatory to moving the tailstock, the force of the 
spring raises it at once onto the rollers so that it may be 
easily slid to any place on the bed that is desired. 


A HOLDER FOR USING CURVED TOOLS. 

E. J. B. sends a sketch of a novel holder for inserted tools, 
to be used on lathe, planer or shaper, which, he says, is giving 
better success than anything he has ever used before. The 
tool is curved to a radius of three or four inches and the boss 
on the shank is turned out to fit the outside or bottom curve 
of the tool, while the clamping bolt fits the top radius. As 
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will be seen by the sketch, by pushing the tool forward or 
backward any desired rake can be obtained, while the blade 
may also be swiveled at any angle for right or left hand use, 
as indicated by the dotted view. For holders to take ‘% 
or %-inch self hardening tool steel the bolt head and boss on 
the holder should be about 1% inches in diameter. 
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HOW AND WHY. 


A DEPARTMENT INTENDED TO CONTAIN CORRECT AN- 
SWERS TO PRACTICAL QUESTIONS OF 
GENERAL INTEREST. 


Give all details and name and address. The latter are for our 
own convenience and will not be published. 


30. F. H.: How are the various dimensions of the teeth of 
the large gear made by the Bethlehem Steel Co., as mentioned 
in the June issue, figured? What is the outside diameter and 
does 614-inch pitch mean circular pitch? 

A. The pitch diameter is 20 feet 9.55 inches, or more exactly, 
20 feet 9.554 inches. Expressed in inches the pitch diameter 
is 249.554 inches, and multiplied by 3.1416 it equals 784 
inches pitch circumference nearly. Dividing 784 by 128 teeth 
gives the circular pitch, or 64% inches. To change this to 
diametral pitch, divide by 3.1416 or multiply by 0.3183. Di- 
viding 6.125 by 3.1416 (or multiplying by 0.3183) equals 1.95 
nearly, which is the module for 6.125 inch pitch, or 1.95 inches 
diametral pitch. Since it is the general practice to make 
the addendum face equal to the diametral pitch, it is only 
necessary to multiply the diametral pitch, 1.95 inches, by 2 
and add the result to 249.554 in order to get the outside or 
addendum diameter. 249.554-+ (1.95 * 2) = 253.45 + inches 
outside diameter. 


31. W. C. W.: Can aluminum be cast in steel molds and 
gene: smooth accurate castings that will require no finish- 
ing! ; 

A. The Pittsburg Reduction Company inform us that alu- 
minum can be successfully cast in metal molds provided they 
are heated quite hot before pouring the metal. Better work 
can be preduced this way than in sand molds. Aluminum 
melts at a temperature of about 1,250 degs. Fahr., and shrinks 
in the mold somewhat more than cast iron and less than 
brass. The heating of the mold partially compensates for the 
shrinkage so that the cavity need not be made the full shrink- 
age allowance larger. The principal reason for heating the 
mold, however, is to prevent injury to the piece, which would 
otherwise be likely to occur on account of the unyielding na- 
ture of metal molds as compared to sand. The degree of 
accuracy that you require will determine whether the castings 
produced in this way will meet your requirements. The H. 
H. Franklin Mfg. Co., Syracuse, N. Y., make metal castings 
(not aluminum) in metal molds, absolutely true to gage 
and these are being largely used in the manufacture of cash 
registers and other apparatus needing a large number of 
duplicate parts difficult to machine and which must be true 
to gage. 


32. N. A. S.—Will you kindly give me information regard- 
ing the thickness of metal for common valves, such as globe 
valves, etc.? For metal I wish to use a composition of copper, 
88 per cent., tin 10 per cent., zinc 2 per cent. 2.—How thick 
should a globe valve be, 8 inches diameter, to be used under 
a head of water of 14 feet? 

A.—The rules used by manufacturers of valves are purely 
empirical, If the thickness of the walls were calculated by 
the ordinary formula for the strength of a cylinder, it would 
be amply strong to stand the pressure, because a vaive is 
more or less spherical in shape, and is reinforced by flanges, 
webs, etc. But a valve would actually be made heavier than 
this, because it is so irregular in its form that the strains 
incident to cooling in the mold might crack or at least weaken 
it. Just how much to allow for this is a matter for the de* 
signer to decide. In the data sheet with the Engineering 
Edition of Macuitnery for October, 1902, was published some 
information with regard to the practice of the Crane Com- 
pany in valve design. For 6-inch pipe they use thicknesses 
of 1% inch, 9-16 inch, and % inch for light, medium and heavy 
valves, respectively; for 12-inch pipe, 4%, 13-16, and 1 inch; 
and for 24-inch pipe, %4, 14%, and 1% inch respectively. Your 
composition will probably be about 25 per cent. stronger than 
cast iron, and you will be safe in assuming a tensile breaking 
strength of 20,000 pounds per square inch. The rule for thick- 
ness of pipe above mentioned is: Multiply pressure in pounds 
per square inch by diameter in inches, and divide this result 
by twice the tensile strength. Allow a factor of safety of 
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six. 2—Your valve, to withstand a head of water of only 14 
feet, can be made light as can be cast in the foundry, say % 
or 1% inch thick. 


33. M. P. C.—What are the best rates of flow for water, air 
and steam through pipes? There must be some happy medium 
in the items of cost, length, friction, etc., for pipes of ordinary 
length. What I want is three figures, one each for water, 
air, and steam, which shall express the best or customary 
speeds for each of these. 

A.—It is common to proportion the delivery pipes of pumps 
so that the flow shall not be over 400 feet a minute—prefer- 
ably less. The old and reliable figure for steam pipes is 6,000 
feet per minute. In air transmission, the carrying pipes are 
usually much smaller than steam pipes used for steam en- 
gines, etc., and the distances of transmission are generally 
much greater than with steam, so that 1,200 feet may be taken 
as a maximum figure. We do not consider, however, that 
any figures could be given that would answer your question 
properly. The loss from friction in transmission depends 
upon so many different elements, such as diameter and length 
of pipe, number of elbows and valves, velocity, pressure, etc., 
that no judgment should be rendered in any particular case 
until a calculation had been made, using the best available 
data at hand. Calculations for flow of water can be made with 
considerable certainty of result, and very clear directions are 
given for these in Merriman’s Hydraulics, published by Wiley 
& Sons, New York. For the flow of steam the following form- 
ula may be used, based on experiments by Prof. Carpenter of 


Cornell: 
3.6 
aw? 1 (: + ~-) 
d 
(NS Sea 
7500 D d? 
p= fall of pressure in pounds per square inch. 


w—=pounds steam discharged per minute. 

1 =length of pipe in feet. 

d= diameter of pipe in inches, 

D=weight cubic foot steam at the lower pressure. 

For the flow of air we will refer you to Kent’s pocketbook; 
also to catalogues of air compressors. 


Question No. 28 answered by C. E. Coolidge, Ithaca, N. Y. 

The contributor of question No. 28 asks for a simple method 
for determining the pitch diameters of sprocket wheels when 
the chain block, side links and number of teeth are the known 
factors. I take the liberty of submitting the following graph- 
ical method which, I believe, is far more satisfactory than the 
long computations involved in the formulas given in Brown & 
Sharpe’s catalogue: 

Suppose in Fig. 1 a design of the tooth, chain block and 
side links of a segment of the sprocket are shown laid off on 
a straight line either on paper, wood or metal. Then, know- 
ing the number of teeth and the fact that the center lines of 
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Laying Out Sprocket Wheel. 


Fig. 1. 


the links and blocks make equal angles when laid off as chords 
on the pitch circle, it is evident that the angle, A, is known from 
the well known proposition in geometry that the sum of the 
exterior angles of a polygon are equal to four right angles. 
Hence, if » represents the number of chords made by the 

4x 90. 


center lines of links and blocks then the angle A = 
n 
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The value of the angle A can be taken from the accompanying 
table which gives the different values of the angle correspond- 
ing to the number of teeth on the sprocket. These angles 
are shown in Fig. 2, each marked with the corresponding 


rane: Angle A. elie Angle A. 

6 30. | 18 10. 

9 PAPAL 19 9.47 
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9 20. 21 8.57 
10 18. 22 818 
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17 10.59 | 29 6.21 
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number of teeth and they can be laid off in Fig. 1 by trans- 
ferring, without the use of the protractor or other con- 
struction. 

Having laid off angle A, the center of the pitch circle which 
passes through the vertices of the angles formed by the 
chords is found by the usual geometrical construction which 
consists in locating the point of intersection made by the 
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sides only. The keyway is located, as shown at D in Fig, 2, 
and not at D’ as is the usual practice. We believe the prac- 
tice followed by the Lehigh Valley R.R. people in the location 
of this keyway is based on sound principles. It is better to 
place the keyway where the metal is under the least initial 
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Fig. 1. Making Cylinder Head Cover on a Steam Hammer. 


stress and that is undoubtedly on the side of the axle A, op- 
posite the crankpin B. Nine-tenths of the wheel centers that 
crack in service having the keyway located between the axle 
and the crankpin, will be found to have the crack radiating 
from one corner of the keyway to the crankpin hole. 


With 
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Fig. 2. Angles for Laying Out Sprocket Wheels. 


intersection of the perpendiculars to the middle points of the 
chords. The bottom and outside circles of the sprocket wheel 
are drawn tangent to the arcs bounding the ends of the block. 


* % % 


MAKING CYLINDER HEAD COVERS ON A 
STEAM HAMMER. 


The general practice in railway shops relative to cylinder 
head coverings is now to make them of pressed steel instead 
of cast-iron as formerly prevailed. The pressed steel casings 
are not only much neater in appearance, but much more dur- 
able, as it is practically impossible to break them and even if 
badly bent they can usually be straightened out so as to ful- 
fill their function satisfactorily. The ordinary process of mak- 
ing pressed steel work of this description requires a hydraulic 
press, a machine that is rarely found in the average railway 
repair shop. But the Lehigh Valley R.R. shops at Haston, 
Pa., impressed a double-column steam hammer into this class 
of work with very good results and at an expense for special 
equipment, quite trifling. Cast-iron male and female dies are 
provided for the different sizes required, and these are made 
with a dovetail on the back to fit the hammer and anvil, as 
at A and B, Fig. 1. A hole is first drilled or punched in the 
sheet designed for the casing and then it is trimmed to cir- 
cular shape, on a circular slitting shear. After being heated 
in an oil furnace the disks are laid on the female die with 
the vertical pin EH projecting through the hole in the center. 
A hole is provided in the die A so that the pin is not dis- 
turbed when the blows are struck. 

In these shops, and presumably in others of the same sys- 
tem, it is the practice to fit driving wheel axle keys on the 


the keyway oppositely located the metal is not removed from 
the spot where it is most needed. As already stated, the keys 
are fitted sideways, no attempt being made to have them fill 
top and bottom. In fact the reverse is the case, clearance to 
the extent of about 1-32 inch always being allowed. The keys 
are fitted by the planer hand, no hand fitting by filing being 
done. This, of course, does away with the time-honored prac- 
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Fig. 2. Correct and Incorrect Location of Keyway.. 


tice of having a key forged on the end of a heavy bar with an 
overhanging head. The number of times a key, fitted in this 
manner, will be driven in and hammered out by striking 
under the head depends on the patience of the fitter and his 
idea of how much time he should put on the job. The ma- 
chine-fitted key is much better in every way and of course con- 
siderably cheaper in cost. 
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NEW TOOLS OF THE MONTH. 


A RECORD OF NEW TOOLS AND APPLIANCES FOR MACHINE SHOP USE. 


PORTABLE HORIZONTAL DRILLING MACHINE. 

The accompanying illustration shows a new design of port- 
able, horizontal drilling machine which is the outgrowth of 
the demand for portable tools to be used on a floorplate in 
accordance with modern shop methods. It can be used to 
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Portable Horizontal Drilling Machine. 


advantage by engine builders, manufacturers of electrical ma- 
chinery, etc. The machine shown is the smallest of several 
sizes which are adapted to meet the different requirements of 
the work to be handled. 

The machine is very powerful, being geared from the arma- 
ture shaft to the worm shaft, and power being supplied to 
the spindle by means of a steep lead, phosphor bronze, worm 
wheel driven by a hardened steel worm. There are three 
changes of automatic feed, hand feed and quick return. The 
base is planed on the bottom edge, parallel with the spindle, 
for convenience in setting on the floorplate, or for parallel 
strips as required. These machines are made by The Newton 
Machine Tool Works, Philadelphia, Pa. 


A UNIVERSAL SHAPER FOR PUNCH AND DIE WORK. 


The shaper illustrated in the photograph herewith is built 
upon entirely new and original lines and is designed for all 
kinds of intricate punch and die work as well as for metal 
pattern and jig making. It justifies its claim as a universal 
machine by its ability to work at every possible angle. The 
tool cuts from the face of the work leaving no burr to cover 
the lines, making it possible to machine very accurately so 
that little if any hand work is required. The working head 
is carried upon a horizontal arm which is supported by the 
head of the column and this is graduated so that it may be 
clamped at any position about the column. This arm has 
also an in-and-out adjustment that allows the head to be 
brought to any position above the table. 

The head may be adjusted at any angle about its axis, which 
is at right angles to the arm, and as the arm in turn may 
be adjusted to any position about its own axis, it is therefore 
possible for the head to work at any angle desired. Gradua- 
tions are provided for both of these adjustments. The ram 
is driven by a worm and wormwheel, direct connected to a 
motor that is mounted at the end of the arm, and the stroke 
of the ram is adjustable. 

The table has circular and two cross movements, the hand- 
wheels by which it is operated being provided with dials for 
micrometer readings and the table itself being graduated. 
Provision is made for locking the circular movement in any 
position or for disengaging it so that the table may be swung 
around freely. The circular movement is obtained by means 


of a worm and wormwheel having the same ratio that is used 
in universal dividing heads and thus fitting it for accurately 
indexing dies for small gears, armature plates, etc. The 
machine is made by the Cochrane-Bly Machine Works, Roches- 
(Heres INES NGC 


Universal Punch and Die Shaper. 


ELECTRICALLY-DRIVEN SLOTTERS. 

The Newton Machine Tool Works, Philadelphia, Pa., have 
just brought out a new line of slotting machines, built from 
new designs, and arranged for electric motor drive. The il- 
lustration shows the 14-inch machine using the regular driv- 
ing cone pulley as would be used with a belt-driven tool, with 
the motor mounted on a sliding bracket on the side of the 
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Motor-driven Slotter. 


machine, and gearing from the armature shaft to the cone 
shaft, which acts practically as a countershaft, giving the de- 
sired changes of speed. 

The same machines are also arranged with a positive drive 
by gearing the armature shaft directly to the operating gears, 
the variation of speed being obtained through slip gears, the 
same as change gears on a lathe. The same design is also 
used, with the slip gears omitted, when variable speed motors 
are employed. 
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HEAVY DOUBLE-SPINDLE BORING MACHINE. 

The large doublespindle boring machine shown in Fig. 1 
was recently built by the Betts Machine Co., Wilmington, Del., 
and installed by the Philadelphia & Reading Coal and Iron 
Co. in their shops at Pottsville, Pa. While primarily in- 
tended for boring the cylinders of Corliss engines, machining 
the ports and cylinders simultaneously, it is a machine that 


Fig. 1. 


can be advantageously used on a wide variety of heavy work 
for boring and milling. The work spindles are located at 
right angles, and are independently driven through geared 
variable-speed mechanisms by five horse power induction 
motors running at a constant speed of 710 revolutions per 
minute. The machine is practically two independent hori- 
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ports for the motors and reduction gearing. One end of the 
main floor plate is used for the outboard bearing of one boring 
bar, and an extension plate 34 inches wide and 14 feet 10 
inches long is bolted to the side of the main bedplate opposite 
the other boring head to support its outboard bearing. With 
the outboard bearings or steady rests removed, an unobstructed 
floor plate nearly 13 feet wide and 17 feet long is available. 


Betts Double-spindle Boring Mill. 


The work spindles are 415-16 inches diameter and have a 
traverse of 48 inches, When boring large cylinders a cast- 
iron bar 10 inches in diameter is used, which is bolted to the 
faceplates and supported at its outer end by the outboard 
bearing. The traversing boring head on the bar is operated 
by a star feed, and the two facing heads on the bar are fed 


INDUCTION 
MOTOR 
710 R.P.M. 


( 


4 


btise. © 


Industral Press, N.Y. 


Fig. 2. Variable Speed Gear for Driving Double-spindle Boring Mill. 


zontal boring mills mounted at right angles and using a com- 
mon floor plate. The main floor plate is a rectangular casting, 
10 feet wide by 17 feet long. Bolted to one side and across 
one end are the castings supporting the heavy posts carrying 
the boring heads. These plates are 40 inches wide and about 
20 feet 8 inches long, being extended so as to form the sup- 


in the same manner. The posts carrying the boring heads are 
traversed on the .bedplate by screws, the traverse being 10 feet 
in each case. The vertical height of the posts is 7 feet 9% 
inches, and the vertical traverse is 54 inches. The speed and 
direction of vertical and horizontal traverse is controlled by 
the operator, through the medium of the handles shown be- 
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neath the boring head in the foreground; also at the right 
of Fig. 1. 

The positive variable-speed gear is shown in Fig, 2. It con- 
sists of two cones of gears between which is the transmitting 
pinion C, mounted on the frame A. This frame may be moved 
longitudinally so as to bring the transmitting pinion C be- 
tween any pair of gears in the two cones. The link D permits 
the frame to shift transversely so as to accommodate pinion 
C to the relative positions of the gears brought into engage- 
ment. Notches on the frame A engage the V-shaped top of 
the slide upon which it normally rests and a clamp is pro- 
vided for locking it in place. The cones of gears in conjunc- 
tion with the back gears J give ten changes of speed up to 
the boring head. Motion is transmitted to the work spindle 
by means of a pinion which may either engage the inter- 
nally toothed faceplate or a smaller gear on its hub, thus 
multiplying the speed changes by two, so that spindle has 
twenty different speeds. The slow traverse of the saddles 
carrying the spindles horizontally and vertically, as neces- 
sary for milling operations, is taken from cone pulley f/f” 
by belt to cone pulley F with the clutch lever Hie sacethe 
right. The cone pulley 7 then drives the shaft on which it is 
mounted. For the fast traverse the clutch H is shifted to the 
left, engaging clutch G, which has the effect of driving the 
shaft A at one-third the rate of the motor, and, of course, 
giving a relatively rapid traverse. Tumbling gears are in- 
terposed between the shaft K and the traversing screw, so 
that the motion may be reversed. Reversal is effected by 
means of the horizontal and vertical splined shafts, and the 
levers beneath the boring head previously referred to. Split 
nuts are provided in the bases of the posts, so that engage- 
ment with the horizontal screw may be thrown out when 
vertical traverse is wanted. To throw out the vertical tra- 
verse the bevel gears transmitting motion to the vertical 
screws are disengaged. Since the direction of spindle rota- 
tion would be changed when shifting the driving pinion from 
the internally toothed faceplate to the external gear previ- 
ously mentioned, it is necessary to provide means for again 
reversing the direction of rotation to prevent running back- 
ward. This is done by shifting a pair of bevel gears verti- 
cally on the vertical splined driving shaft, so that one dis- 
engages as the other engages. This is also used when tap- 
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Fig. 1. Duplex Universal Turning Lathe. 


ping. The lever for doing this shows plainly in Fig. 1, on the 
right-hand boring head directly over the spindle and at the 
left of the feed handwheel. 

It will be noticed that the boring heads are counterbal- 
anced at three points, the object being to avoid all canting, 
twisting moments as much as possible. The weight of the 
machine complete is 105,000 pounds, 

TWELVE-INCH UNIVERSAL TURNING LATHE. 

The duplex lathe illustrated in the* accompanying half-tone 
was designed for turning all kinds of work requiring accu- 
racy and at the same time speed of production. It is built 
with two bodies mounted upon one rigid base which forms a 
pan for catching the chips and oil. The tool saddle is rigidly 
fastened to a lug that is cast on one side of the bed and may 
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be swiveled to any angle required. Feed motion is trans- 
mitted from the feed rod, through gearing, to the slide rest 
which is provided with automatic feed in either direction 
irrespective of the position to which the slide may be turned. 
Adjustable feed stops are also provided. The gearing is all 
encased and protected from chips and dirt. 

The tool holder furnished on these lathes, and shown in 
section in Fig. 2, is of new design and fitted for carrying a 
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Fig. 2. Double Adjustable Tool Holder. 


tool of self-hardening steel at each end. The lower bushing is 
threaded into the body of the holder so that by turning the 
bushing the holder may be raised or lowered to any desired 
height where it is locked by the nut on the top. By releasing 
this nut the tool may be used at either end. This lathe and 
tool holder are built by the Resek Machine Tool Co., Cleve- 
land, Ohio, 
A THREE-SPINDLE RAILROAD FISH-PLATE DRILL. 

The accompanying half-tone illustrates a three-spindle drill 
that is designed especially for drilling the ends of rails and 
for fish-plates. The machine has a capacity for drilling, 
simultaneously, three 11-inch holes in steel. The spindles 


Rail and Fish Plate Drill. 


may be set to drill holes spaced at any center distance from 
3% up to 9% inches. The two outer spindles have a vertical 
adjustment, by rack and pinion, of 3% inches and can be 
clamped in any position required. The spindles are bored 
out for No. 4 Morse taper and, on account of the spindle ad- 
justment, taper shank drills can be used, thus doing away 
with the objectionable method of using setscrews for the ad- 
justment of straight shank drills. 

The three spindles are carried on one saddle, which is 
counterbalanced and feeds the three simultaneously. The 
center spindle is driven by a large bevel gear on top of the 
column, and this in turn drives the two outer spindles by 
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ur gearing, through intermediate gears that are pivoted to 
sth the central and outer spindles and move in and out with 
e horizontal movement of the spindles. The saddle carrying 
e spindles has three changes of power feed and quick re- 
mm. The feed is driven by cones of gears and changes in 
ed are quickly made by a lever on the side of the column. 
he work table is provided with an adjustable vise for hold- 
ge the rails and both right and left hand stops for the end 
* the rail can be used. 

The cuttings drop through an opening in the top of the 
ple and thence, through another opening in the back of 
e column, out of the way of the operator. There is also an 
pening, 10 inches square, through the back of the column on 
level with the top of the table, allowing work to be put 
rough the column, to be operated upon. The photograph 
1ows the machine arranged for motor-drive, but it is also 
irnished for belt driving by the builders, the Mark Flather 
laner Co., Nashua, N. H. 


GLEASON IMPROVED CUTTER GRINDER. 

The F. Gleason Machine Works, Olney, Pa., have brought 
ut an improved form of cutter grinder which is illustrated 
erewith. In this machine the spindle carrying the wheel is 
9 mounted that it can be swung from the vertical position, 
1 which it is shown, through any angle down to the hori- 
ontal. This brings the wheel within range of a great variety 
f work and allows wheels of different shapes to be used. 
‘he spindle has a movement, through a quill and handwheel, 
f 3 inches, the hub of the handwheel being graduated to .002 
nch. The head in which the spindle is carried has a hori- 
ontal adjustment of 3 inches and may be locked, by means of 

lever, in any position. 

The pawl guide by which the teeth are fed around, can be 
hanged from a level to an angular position and may also be 
aised or lowered in its socket to suit the requirements of 
he cutter. For instance, in grinding a spiral cutter any 
ooth which is most convenient can be acted upon by the pawl 
s it.can be fed from either side as well as from the top. 
Jutters, up to 3 inches in diameter are held by friction be- 
ween the centers but for the larger sizes a carrier is used in 
he faceplate F which is attached to a sleeve that passes 
hrough the split collar G and is locked by the setscrew H. 
"his lock is always employed when grinding large cutters 
vith the exception of spirals. 


Fig, 1. Speed Box used on Mueller Radial Drill. 


When grinding spirals the fork K is placed in the socket L, 
the prongs being placed in the spirals of the cutter. A spring 
shown wound around the collar G, holds the cutter blade up 
to the fork and, as the fork is stationary while the cutter 
travels, spiral motion is imparted to the cutter. The emery 
wheel works between the prongs of the fork, which does not 
leave the cutter during the process of grinding, one prong 
always remaining on to keep the cutter in place when the 
pawl feeds from one tooth to another. The angle of the bed 


with the spindle can be changed from 0 to 90 degrees and 
clamped fast wherever desired. The relative position of the 
cutter to the wheel carn be changed by the screw rack O 
while the machine is in operation. This screw can also be 
used as a hand feed if necessary. The crank P is used for 
bringing the cutter up to the wheel and its hub is graduated 
in thousandths of an inch. 
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Automatic Cutter Grinder. 


SPEED CHANGING DEVICE FOR RADIAL DRILLS. 


The half-tone, Fig. 1, shows a new speed box, driven by a con- 
stant speed motor, that has just been brought out by the Muel- 
ler Machine Tool Co., Cincinnati, Ohio, and applied by them 
to their radial drills. The two long levers, shown in front of 
the box, operate four friction clutches, giving instantly the 
same four speeds as the usual step cones. The numbers cast 
on the lid of the box indicate in what position the levers 
should be brought for the different speeds. The small handle 
locks one lever while the other is in use. 

The two levers, shown at R on the next page, Fig. 2, 
are used to engage the friction clutches 7, by means of the 
forks 8, with either of the gears HZ, F, G or H, on the motor- 
driven shaft A, and they mesh with gears J, J, K, L on the shaft 
B. Gears K and L also mesh into N, P, Q, M, giving power 
to shaft C which, through miter gears, drives the eccentric 
shaft D in the column. When reverse motion for tapping, etc., 
is required, the gear O, which is on a tumbler, is engaged with 
gear L, making gear M run in the opposite direction. 

All starting or stopping of the machine is controlled by a 
loose ring encircling the column which, when moving the bar X, 
causes sleeve W to turn in its bearings and move the rack Y, 
and the rod V with the fork attached to its end, back and 
forth. This engages either of the friction gears M or N to the 
shaft C, and in changing from M to N double the speeds de- 
rived from the shaft A are delivered to the shaft C, and by 
using the back gears that are provided, the usual sixteen speeds 
are obtained on the work spindle. This speed box is also made 
to be driven by plain pulleys instead of a motor when desired. 


August, 1903. 


STEEL MITER BOX. 

The cut illustrates a new miter box that has just been 
placed on the market by the Goodell Manufacturing Co., Green- 
field, Mass., and which is especially suited for pattern shop 
use. Being made entirely of steel it is calculated to last for 
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work up old scrap, such as horseshoes, etc., into bar stock for 
use in the shop. These hammers are now being made by the 
Miami Valley Machine Tool Co., Dayton, Ohio, in two sizes, 
weighing 900 and 1,500 pounds, respectively. Both sizes have 
a stroke of eight inches. The helve-head of the No. 1 hammer 
measures 2 x 458 inches, and that of 
the No. 2 is 3% x8 inches. Both 
sizes are belt driven and are oper- 
ated in the usual manner by means 
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Co., Baltimore, Md., have lately 
adopted the application of electric 
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drive for their open-side planers, the 
method by which this is accom- 
plished being shown in the accom- 
panying photograph, which is an 


Fig. 2. Detail of Mueller Speed Changing Device. 


a long time and its accuracy is insured. The back is formed 
in corrugations, 4 inch deep by % inch wide, allowing per- 
fect clearance for sawdust. Besides the angles usually pro- 
vided for, by simply turning a lever this box can be set at 
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any angle desired. The box is made in two sizes, either of 
which can be furnished with extra angle attachment to in- 
crease the angle above 45 degrees. 


THE “DAYTON” POWER HAMMER. 
The cut illustrates the “Dayton” power hammer in the form 
in which it has lately been constructed with a view to fitting 


The “Dayton” Power Hammer. 


it for the use of blacksmiths and wagon makers, and in the 
larger manufacturing concerns where the smaller size has 
proved well suited to the requirements of the tool dresser. 
With the aid of this hammer it has been found economical to 
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Motor-driven Open-side Planer. 


illustration of their 36-inch motor-driven planer. Upon the 
top of the post is placed a countershaft from which the planer 
is driven in the usual manner. This countershaft, in turn, is 
driven from the motor which is carried on a bracket at the 
back of the post. The countershaft is usually furnished with 
a flywheel or heavy rimmed pulley of sufficient weight to re- 
verse the platen without causing excessive fluctuations of load 
upon the motor. 


A SPIRAL GEARED HANGER. 

To obviate the troubles incidental to the use of a quarter 
turn belt for driving shafting at right angles, the Diamond 
Clamp & Flask Co., Richmond, Ind., are placing on the mar- 
ket the spiral geared hanger shown in Fig. 1 on next page. 
Fig. 2 shows a section through the spiral gears by which the 
power is transmitted. They are machine molded so as to 
insure easy and quiet running. As will be seen in the cut, 
the thrust of the gears is taken on ball thrust bearings, thus 
reducing the friction to a minimum. The casing not only 
efficiently encloses the gears but it is cored to form an ample 
oil pocket having return channels to insure a proper circu- 
lation of the oil. This design of hanger besides affording a 
means for transmitting power at right angles combines with 
it an adequate support for both of the shafts. These hangers 
are also built for transmitting from vertical to horizontal 
shafts at right angles, and they are also furnished with tight 
and loose pulley, thus fitting them for application to counter- 
shafts. 


ANGLETTES FOR THE DRAFTSMAN. 
The “anglettes” shown on next page are designed for use in 
lieu of a protractor in drawing angles, and will be found of 
great convenience in the drafting room. They are made of 


664 


celluloid and thereby possess all of the advantages of the 
transparent triangles. The set consists of ten pieces, each four 
inches in length, having the upper edge accurately cut to make 
an angle with the base. The angles range from 1 degree to 10 
degrees inclusive and the set may be augmented if desired, 
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of his opponents. The professor denounced the action as @ 
piece of “sejentific Hooliganism” and called for the perpetra- 
tor to reveal himself. Mr. Nevil Maskelyne at once announced 
himself as the “villian” in a letter written to the Times, and 
chuckled over his success in having proven that the claims. 
of the Marconi Co. as to their in- 
fallible selective system, were 
scarcely based on fact. Mr. Maske- 
lyne also stated that a message re- 
ceived from Poldhu by the Royal 
Institution in the afternoon had 
been practiced from 11 o’clock in 
the morning and that fifty horse 
power were required in sending it. 
Meanwhile the public anxiously 
awaits the advent of the wireless: 
telegraph and telephone. 
* * * 

A United States consular report 
from Coburg, Germany, describes 
an interesting product made from 
milk casein which is called “gala- 
lith” or “milk stone.” This pro- 


duct is used as a substitute for 


horn and celluloid in the manu- 
facture of combs, knife handles, 
balls, chess figures, dominoes, fer- 
rules, slabs in imitation of marble, 


Fig. 1. Spiral-geared Hanger 


by the addition of Y% and %4 degree pieces. The degree of 
each anglette is plainly stamped upon its surface, and since 
they are solid there is no possibility for the angle to change. 
Used in conjunction with a 30-degree triangle, it is possible to 
obtain any degree without using more than two anglettes at a 


FIG. 1-5 ANGLETTE 
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FIG.2-METHOD OF USING ANGLETTES 


time in the combination. Some illustrations of how the pieces 
are used are shown in Fig. 2. Hach set is neatly packed in a 
substantial box. They are being placed on the market by Jas. 
Dangerfield, Hartford, Conn. 


* * * 


Just at the present time the “anti-wireless”’ partisans seem 
to be having the best of the battle that has so far been 
chiefly waged on paper. The wireless service instituted by the 
Marconi Co. to the London Times has suddenly been discon- 
tinued without explanation beyond that some part of the 
apparatus had broken down, but of course this explanation is 
lame and impotent. The claim of the Marconi Co. that they 
have a system of “tuning” by which signals being transmitted 
to any other selected station cannot be interfered with or 
intercepted by rival stations, received a severe setback a 
few days ago. Dr. Fleming, who is connected with the com: 
pany, was demonstrating the receipt of a message from Corn- 
wall to London when the word “rats” interpolated itself in 
the message much to the professor’s disgust and to the delight 


Fig. 2. Section through Hanger. 
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product has over celluloid is that 
it does not ignite readily and has 
no odor. It is largely impervious to water, being about on a 
par with horn in this respect. It is expected that it will be a 
valuable addition to the electrical industries as an insulating 
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NEW TRADE LITERATURE. 


THE Nuw Era IRoN WorkKS Co., Dayton, O. Illustrated catalogue 
cf the New Era gas engines, full particulars of which are here given. 
These are built in sizes from 5 horse power to 125 horse power. 


THE GARVIN MAcuine Co., Spring and Varick Streets, New York. 
Booklet calling attention to the very complete stock of machine tools 
carried. These include drills, shapers, lathes, boring mills, etc. 

Tur Ror STprpHENS Mre. Co., Detroit, Mich. Catalogue and price 
list No. 9 of valves in brass and iron. This is very complete, 103 
pages being devoted to valves of every description, all of the com- 
pany’s own manufacture. A telegraph code is given in the back. 


Typ FAIRBANKS MACHINE Too. Co., Springfield, O. 1903 catalogue 
and price list of lathe, planer and shaper tools. The Fairbanks uni- 
versal swinging cut-off tool, planer tool, threading tool, adjustable 
boring tool attachment, and various side tools, etc., are described and 
illustrated herein. 


Tre NATIONAL BRAZING Co., Dayton, O. Booklet calling attention 
to the “Eureka” brazing compound for the repairing of broken cast- 
iron castings. The company here state that it does not require an 
expert ues use “Wureka,” but that any brazier, machinist or toolmaker 
can use it. 


Wyman & Gorpon, Worcester, Mass. 
ney,” being an interesting sketch of this great mechanic and in- 
ventor. Whitney introduced the system of interchangeable parts, 
which has made possible the production of any and all machinery 
in large quantities, with great speed and the highest precision. 


Tun GoHErEN Mra. Co., Canton, 0. Catalogue of the company’s 
protective paint, called “carbonizing coating,’ which shows examples 
of this coating as applied to roofs, water pipes, blast furnace cupolas, 
pees gas tanks, bridges, etc., in fact, wherever iron and steel are 
used. 


Tum GopDARD MACHINE Co., Holyoke, Mass. 
of grinding and polishing machines. These are of various sizes and 
styles. A combination knife grinder, tool grinder and saw gum- 
mer is shown for use in shops where a variety of work is required of 
such a machine. 


Tur AMpRICAN SPIRAL PrpH WORKS, Chicago, Ill. Catalogue and 
price list of spiral riveted pipe for water lines, exhaust steam work, 
ete. This. is manufactured in sizes from 3 to 40 inches in diameter. 


Much information is given concerning this product and twelve pages 
of valuable tables and other data also appear. 


Tun Joun M. Rocers Boat, GAUGE & Dritt WorkKS, Gloucester 
City, N. J.. Catalogue “BH” of rock drills for work in quarrying, sbaft- 
sinking and tunnel driving. These drills are operated either by steam 
or compressed air. A number of cuts show the drills and their details. 
The “Bureka” valve and steam chest is a feature of this drill to 
which they would like to call special attention. 


Tun Hoacson & Perris Mre. Co., New Haven, Conn., Leaflet call- 
ing attention to the company’s latest catalogue, which treats of chucks. 
They request customers to state on their next order how many desks 
they have that are not provided with pin cushions, which useful 
ediunct (a sample of which we have received) we take it they will 
supply. 

THp GENERAL PNEUMATIC TOOL Co., Montour Falls, N. Y. Bulle- 
tins Nos. 53 and 54. No. 53 treats of the company’s column rivet- 
ing machine for riveting of columns and general riveting. No. 54, 
of their combined stationary and portable pneumatic riveter which is 
adapted to shops where the amount of riveting done will not warrant 
a stationary and a portable riveter. 

Tor Prkn Mre. Co., Pike Station, N. H. Illustrated catalogue of 
scythe stones, oilstones, grindstones, axe stones, ete. These are shown 
in a large variety and for many purposes. The company has been 
established since 1823, and their factories and quarries are at Pike 
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Mechanical Machinists’ Tools 


that are 


Noted for their Accuracy 


and 


Quality of Workmanship 


It is only by the employment of expert One 
mechanical skill aided by accurate di- Thousand 
viding engines and special machines 

Different 


that tools of such ACCURACY 
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crs: 
Micrometer TOOLS 
Caliper Regularly carried in stock. 


The dealers have this to draw 
from and can furnish at 
short notice any of 
the tools listed in 
Catalogue No. 
103, which is 
mailed to any ad- 
dress upon appli- 


cation. 


can be produced, 


For Example: 

A Micrometer for 
almost any pur- 
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100 Different Styles of Micrometers Carried in Stock. 
Other Lines of Machinists’ Tools Equally Complete. 
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Hvansville, 


Station, N. H.: Lisbon, Piermont, and Littleton, N. H.; 
The New 


Vt., Manlius, N. Y.; Hot Springs, Ark.; and Orleans, Ind. 
York office is at 151 Chambers Street. 

THr STANDARD Rou~uprR Bwarine Co., Forty-eighth and Girard 
Avenue, Philadelphia, Pa. Catalogue of ball and roller bearings. This 
illustrates the roller, ball, roller thrust, grooved ball, and propeller 
roller thrust bearings; also railroad bearings. A long list is given 
of the large number and variety of machines to which these bearings 
ean be profitably applied. ‘The book is cloth bound, of convenient size, 
and should prove useful to any one interested. 

Tor C. W. Hunt Co., West New Brighton, Staten Island, N. Y. 
Catalogue 085, of coal handling machinery. ‘This facilitates the rapid 
and economical transportation of coal and ashes to their destination. 
Industrial railways, electric locomotives, steam and electric hoists, 
coal tubs and chutes, steam shovels, wheelbarrows, coal crackers, hop- 
pers, ete., and hoisting blocks and wire and manila rope for hoisting 
purposes are here shown. 

Tun SAwynrR Toor Mra. Co., Fitchburg, Mass. Illustrated catalogue 
“KR” of fine tools and hardware specialties. This includes various 
sizes of center gages, straightedges, protractors, combination squares 
and in fact all the small tools so well known and much employed by 
the mechanic. The company call attention to the accuracy of these 
tools and state that all their squares are furnished with hardened 
blades. 

THE COCHRANE-BLy MACHINE WorkKS, Rochester, N. Y. Pamphlet 
describing the Cochrane-Bly universal shaper, which has been de- 
signed to cover a great variety of work and is adapted to all classes 
of intricate punch and die work, metal pattern and jig making. The 
company state that with this machine work may be planed at every 
possible angle. A hbalf-tone cut of this shaper is shown and also sev- 
eral examples of the work done. 


THr Foos GAS ENGINE Co., Springfield, O. Catalogue No. 12 of gas 
and gasoline engines. This is 8x10% inches, and full page cuts are 
given which certainly show the engines to advantage. The Koos ‘‘Spe- 
cial” engine appears, for operating on gasoline, naphtha, distillate, 
ete.; also a portable engine with steel truck: one with wood truck, 
the Foos traction engine, and an electric engine. The Foos electric 
igniter, governor, bed casting and crankshaft, inlet and exhaust valves, 
connecting rods and cams are described in detail. 

Tor GARRY IRON & Srmnut Co., Cleveland, O. Catalogue of pneu- 
matie, electric and hand power cranes. These are built for a great 
variety of purposes, such as unloading freight or passenger car trucks, 
loading and piling buffer beams, loading and piling material in fac- 
tories and store rooms, coaling locomotives, etc. A portable pneumatic 
plant is also shown, used in contracting work, consisting of a boiler, 
steam-driven air compressor, air receiver, coal tank, water tank, and 
arranged on a steel truck to be drawn by horses wherever needed. 

Thr JosppH Drxon CruciptE Co., Jersey City, N. J. Booklet de- 
scriptive of Dixon’s latest product, the ‘“‘Hterno” indelible pencil. This 
writes such a dark purple as to be practically black, and the copy is 
clear, sharp and indelible. It may be put to many and various uses 
and combines the convenience of the pencil with the permanence of 
the pen. A elever little sketch shows some unfortunate specimens 
of humanity wearily struggling along under the burden of ‘‘The Pen’’ 
with its uncomfortably dripping load of ink; and another pictures a 
duel, with swords, between the ‘‘Hterno”’ and “The Pen,” in which, 
of course, the former comes off victorious. We sincerely hope the Re- 
cording Angel will not hear of Dixon’s “Hterno” indelible pencil. 

THE INGERSOLL MILLING MACHINE Co., Rockford, Ill. Illustrated 
eatalogue, April, 1903, of heavy milling machines. This is a hand- 
some work of large size, with excellent half-tone engravings of the 
company’s product, which is milling machines exclusively. Following 
are some of the varieties built: Mour-head milling machine, spur driy- 
en, and worm-driven; three-head worm-driven milling machine; com- 
bined horizontal and vertical milling machine with universal head on 
rail; single and double vertical milling machine of many sizes; hori- 
zontal millers, some plain, some with vertical spindle attachment— 
in fact, every variety and size that can be required for milling work. 
A number of page cuts illustrate different examples of intricate mill- 
ing accomplished by the use of these milling machines. 

THE CLEVELAND PNEUMATIC Too. Co., Cleveland, O. Catalogue BE of 
pneumatic tools. This is handsomely gotten up, is printed on heavy 
coated paper and contains a large number of fine half-tone engravings. 
A number of new tools are listed, for chipping, calking, beading, rivet- 
ing, in addition to the line of tools formerly manufactured. Interest- 
ing views show the various tools at work, among them a pneumatic 
painting machine and a special riveting hammer which is built by 
this concern to drive drift bolts in crib, dock and marine work. ‘The 
various sizes and styles of these tools are given and short directions 
as to the proper care of each tool. Their line of pneumatic riveters 
is very complote, these tools being made to drive from % cold to 
11-inch hot rivets. 


ScuumAcuer & Boyn, Cincinnati. O. Circular descriptive of their 
new 18-inch engine lathe. We believe there is no handsomer trade 
literature than that sent out by Schumacher & Boye, and this circu- 
lar is a fine example. It is printed on heavy coated paper, and an 
excellent half-tone of the lathe illustrates the new patented instanta- 
neous change gear device for feeds and screw cutting, a special feature 
of this new machine. A description of the lathe and specifications 
are also given. The company will continue the manufacture of their 
well-known line of standard engine lathes without the instantaneous 
change gear device. Their new office and warehouse building at 
Spring Grove Avenue, near their present works, is nearly completed, 
and they expect that it will be ready for occupancy about the first 
of September. The building will include a spacious and elegant club 
room, which will be used by the manufacturers whose works are in 
their vicinity. 

Tue NATIoNAL-ACME Mre. Co., Cleveland, O. Handsomely illus- 
trated catalogue describing the ‘‘Acme’’ multiple spindle full auto- 
matic screw machines, and the semi-automatic screw slotting ma- 
chines. The title page which is headed “The Spirit of Progress” 
shows by a series of pictures the evolution of the multiple spindle 
automatic screw machine. This is followed by a full description of 
the machine and of its leading features. The chief characteristic 
of this machine is that all tools act simultaneously, making it practi- 
cable to finish a piece with but one set of tools in use, in about the 
time required for a single operation. 
these machines are shown. A good part of the catalogue is devoted 
to the illustration of the various tools used on the “Acme” automatic 
and to fine examples of the work turned out. Typographically, the 
work presents an exceptionally fine appearance. 


MANUFACTURERS’ NOTES. 


Tur BrRADroRD MAcHINE TooL Co., Cincinnati, O.. manufacturers of 
engine lathes, are building a two-story addition to their shop, 60 x 100. 
THE KrysTone J)rop Forar Works, formerly located at Philadel- 
phia, have removed to their new works at Chester, Pa., where they 
have increased facilities. : 
FW. H. Burrman & Co., manufacturers of automatic gear cutters, 
have removed from their former location on 106-108 Canal Street. to 
more spacious quarters at 85 West Center Street, and 131 Viaduct 
Cleveland, O. i 
THE MILWAUKER Rich MACHINERY Co., Milwaukee, Wis., 


report 
business as having been very good for the past year, i 


and state 


The various types and sizes of- 


August, 1903. 


there is every indication of its continuing so when the quiet period 
during the hot weather is past. 


Tun GuActER Mmrau Co., New York and London, have established a 
southern office in Richmond, Va. Their New York office is at 26 Cort- 
landt Street. They manufacture the ‘Glacier’ anti-friction metal 
used for high-speed and heavy running machinery. 


Horssuree & Scorr, manufacturers of cut gears, Cleveland, O., have 
incorporated their business under the style of the Horsburgh & Scott 
Co., and have moved to their new works, 1240 Hamilton Street, that 
city, where they have additional room for their increased business. 


Tae CoLUMBIA ENGINEERING WorkKS, INc., William and Imlay 
Streets, Brooklyn, N. Y., have taken up the manufacture of the Arthur 
Herschmann patent steam wagons, and will build 3-ton and 6-ton ca- 
pacity trucks. An automobile department has been established, 
equipped with tools specially adapted for the work. ; 

KE. & T. Farrpanks & Co., St. Johnsbury, Vt., recently decided to 
adopt a nine-hour day in their scale factory, which took effect on 
June 1. Since the establishment of this factory 60 years ago, we are 
told there has never been any strike or labor contest and this last con- 
cession was voluntary. 

THE CINCINNATI MAcuiInn Toon Co., manufacturers of upright 
drills, are working on the plans for their new shop on the corner of 
Spring Grove Avenue and Township Street, Cincinnati, near Lodge 
& Shipley Co.’s. The building will be of brick, three stories high, 
60 x 185, with light on three streets, and they expect to get in some 
time in October. 

Tun Barns Foreine Co., 410 No. Penn Avenue, Indianapolis, Ind., 
is a new company organized recently. for the manufacture of a_ drop- 
forged double flanged wheel. ‘They expect to be in full operation in 
the early fall, and are busy at the present time equipping their plant 
with all the necessary new tools. The president of the new company 
is F. L. Bates, formerly with the Indianapolis Drop Forging Co.; and 
the secretary and treasurer, John A. Glass. 

Tun DIAMOND Dritn & MAcHINE Co., Birdsboro, Pa., inform us 
that their iron foundry and new steel plant continue to run night and 
day and that they are shipping castings in from one to four weeks. 
Despite their present facilities for turning out work, their modern 
methods and equipment, they find it necessary to build another open- 
hearth furnace to accommodate the large and increasing business. 
Their machine shop also shares in the general prosperity. 

THE ReEEyrs PuLLEy Company, Columbus, Ind., report two splen- 
did new sales agencies for their well-known ‘Reeves’ wood split pulley 
—the Niles-Bement-Pond Co., Boston, for the New Wngland territory ; 
and the newly organized American Frog & Mfg. Co., Kansas City, 
Mo., for Kansas City and tributary territory. For both of these 
points large and well assorted stocks are now in transit, and the 
Reeves Company state that both enter the line with every evidence of 
a large pulley trade. 

Tun CINCINNATI HuEcrRic Motor Co., Cincinnati, O., will be known 
in future as the Barriett Dlectric Co. The officers are S. L. Barriett, 
president and treasurer; EH. EH. Prothereo, secretary. The new con- 
cern will manvfacture stationary motors of from % horse power to 10 
horse power, and are equipped throughout with automatic machinery. 
Mr. Barriett is well-known in the machinery field, having been master 
mechanic of the West Point Foundry during the Spanish-American war. 
He designed special tools and machinery for manufacturing projectiles, 
also several disappearing gun carriages, 

TuHuw DeRRyY-COLLARD Co., 256 Broadway, New York, inform us that 
of the first thousand copies of the ‘‘American Steel Worker,” by EH. R. 
Markham, less than 50 copies remain. We have at hand a booklet 
issued by this company calling attention to their list of technical 
books and their method of selling same, which is to send the work 
for examination, and if it does not prove to be what is desired, it may 
be returned to the company. Those interested in new technical pub- 
lications, and in revised editions of old works, should secure one of 
these booklets. 

THE LUNKENHEIMER Co., Cincinnati, O., on July 18, tendered to 
their employees the annual outing (the forty-fifst) at Woodsdale 
Island Park. Seven hundred employees participated this year, with 
their families, making in all about 2,000 people, including the chil- 
dren. There were music, dancing and refreshments, cost of which 
was defrayed by the company, as also was the expense of transporta- 
tion. The trip to Woodsdale Island Park is made on the C., H. & D. 
R. R., and it required two sections of ten coaches each to earry the 
passengers. 

W. N. Durant, 231 Twenty-second Street, Milwaukee, Wis., has 
sent us a celluloid letter opener, always a useful article around a 
busy man’s desk, on which appear a reproduction of the counters he 
manufactures and his name and business address. In addition to the 
usual purposes for which these counters have been used in the past, 
we are informed that Mr. Durant has perfected a method for using 
them in connection with power presses, thus forming a ready means 
of keeping account of the work produced without the necessity of 
manual counting. Since counters suited to this purpose have been 
placed upon the market they have been adopted by many of the lead- 
ing builders of power presses as regular attachments to their ma- 
chines and are reported to be giving much satisfaction, 

THE GISHOLT MACHINE Co., Madison, Wis., have recently amended 
their articles of incorporation, increasing their capital to $750,000. 
Up to the present time the Gisholt Company confined themselves almost 
exclusively to the manufacture of the now well-known ‘“‘Gisholt” lathe. 
These tools are made in several varieties and sizes, and the line is 
being constantly extended. The increasing business in ‘‘Gisholt”’ 
lathes has necessitated a very considerable increase in the manufac- 
turing facilities of the company, and additions have recently been 
made, both in buildings and equipment, that will double the former 
capacity of the plant. While the new buildings and equipment will be 
largely used for producing ‘‘Gisholt’’ lathes, they will, in part, be used 
for the manufacture of other types of machine tools, such as boring 
mills, etc. The last-named machines, however, will not be manufac- 
tured on_a large scale until new buildings now in contemplation are 
completed. Contracts have recently been made for a large new 
foundry to be equipped throughout with modern, up-to-date appliances. 
The building will be strictly fireproof. 

THE AMBRICAN SCHOOL OF CORRESPONDENCE, Chicago, Ill., was re- 
cently tendered a_ series of receptions by the management of the Ar- 
mour Institute of Technology, at which Dr. Gunsaulus, president of 
Armour Institute presided and Mr. William B®. Curtis was one of the 
speakers. We have before us clippings from four leading papers giy- 
ing interesting accounts of this event, and Mr. Zapf, the secretary of 
the school, reports that the school is in a most flourishing condition, 
as thoughtful people are beginning to recognize that correspondence 
instruction is filling a real need, bringing an education within the 
reach of thousands whose limited means and time would not allow 
them to follow a regular college course. All the officers and instruec- 
tors of the school are college men, graduates from such institutions 
as the Massachusetts Institute of Technology, Harvard, Tufts College, 
ete., men fitted by experience and education to offer sound instruction, 
and whose sense of responsibility to their Alma Mater will not permit 
them to hold any but the highest educational ideals and standards. 
We are informed that President Wliot, of Harvard, while recently vis- 
iting the school. expressed himself amazed at the scope, thoroughness 
and standard of its papers, and another evidence of the great advance 
in the standard of this instruction is the fact that Columbia Uni- 
versity and the United States government in the Army Post Schools 
use the school’s instruction papers as textbooks, 5s iB 
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